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A 

EO&,  C**Hi*0  (Beilstein  a.  Kupffer,  Deut  Chem.  Ges.  Ber.  tI.  1188  ; 
Wiight,Chem.8oc,Jour,  [2],xii.  1,319).  This  substance,  isomerio  with  ordinaiy  camphor, 
is  the  essential  constituent  of  wormwood  oil,  in  which  it  is  associated  with  a  terpene, 
boiling  below  160°,  and  a  deep  blue  oil  which  boils  between  270°  and  300°,  and  agrees 
in  its  properties  with  the  blue  chamomile  oil  examined  by  Kachler  (ist  Swppl.  277). 
Ab8inthoIboilsatl95°(Beil8teina.Eup£Eer);  at  200  .205° (Wright);  217^ (Gladstone). 
It  differs  essentially  from  camphor  in  its  chemical  reactions,  not  being  couTerted  into 
camphoric  acid  by  oxidation  with  nitric  acid,  or  into  camphocarbonic  acid  {Ist  Suppl, 
385),  by  the  action  of  sodium  and  carbonic  anhydride,  and  yieldinff,  when  fused  with 
potash,  a  large  quantity  of  resin,  but  no  acid.  Heated  with  pkospnoru8  pmtasulphide, 
it  yields  a  considerable  quantity  of  cyme ne,  C**H*^  identical  with  ordinary  cymene 
from  camphor  or  from  cumin  oil  in  density  (0*8707  at  0°),  boiling  point,  175° 
(Beilstein  a.  Kupffer),  176°  (Wright),  and  the  properties  of  the  sulphomcadd  deriTed 
from  it.  Cymene  is  also  formed,  though  in  smaller  quantity,  together  with  water  and 
a  resinous  body,  by  treating  absinthol  with  dnc  chloride.  The  action  of  phosphorus 
pentasulphide on  absinthol  likewise  produces  thiocymene  orcymylsulphydrate, 
C"H"SH,  boiliug  at  238°-240°  (Wright). 

For  the  optical  properties  of  absintiiol,  see  2nd  Suppl,  p.  872. 

AO»T>TAimMBf  CH'N'.  The  existence  of  this  base,  discovered  by  Strecker, 
has  been  called  in  question  by  Tawildarow  {2nd  Suppl.  1).  An  analogous  base, 
C'H**!^,  has  however  been  obtained,  together  with  thio-a-toluylamide,  C^H'S.NH*, 
by  the  action   of  hydrogen  sulphide  on  benzyl  cyanide  (Bemthsen,  Deut.   Chem, 

Ges,  Ber,  viii.  1319).    This  base  is  actually  xylenyl-amimide,  ^^^{whs*    ^ 

C«H»— CH»— C^g,  just  as  acediamine  itself  is  ethenyl-amimide,  C»H»^^-^, 
(See  Xtuditi.  Compoumds.) 

AOaWJkPBTBBWa.      See  NAFHTHALBNB-BBBiyATITBS 

AOaTA&»  C«H»«0*  -  CH»— CH(OC«H»)«.  On  the  action  of  this  body  on 
urethane,  see  Gabbaxatbs. 

Chloraeetals, — ^According  to  0.  Krey  {Jenaiaehe  Zeitschr\ft,  x.  84),  mono-,  di-, 
and  trichloraoetal  are  best  opined  by  treating  a  mixture  of  2  parts  of  absolute 
alcohol  and  2  parts  of  water  with  8  parts  sulphuric  acid  and  3  parts  of  manganese 
dioxide,  distilling  off  two-thirds  of  the  liquid,  and  treating  the  cooled  distillate  with 
chlorine  till  it  begins  to  be  turbid.  Monochlor-  and  dichlor-acetal  are  colourless 
liquids  of  agreeable  odour,  boiling  at  154°-159°  and  180°  respectively,  as  stated  by 
Patem6.  ^chloracetal  crystallises  in  large  white  needles,  which  melt  at  83°  and 
begin  to  decompose  at  190°. 

Diehhraeetal  and  Phosphorus  Pcntachloride, — ^These  bodies  act  upon  each  other  in 
the  manner  indicated  by  the  equation — 

OHa«.OH^^I  +  PC1»  -  CHCl'.CH^^^'  +  POa»  +  0«H»C1. 

The  first  of  these  products  is  analogous  to  the  compound  of  aldehyde  and  ethyl 
chloride  which  Wurts  and  Frapolli  obtained  by  the  action  of  hydrogen  chloride  on 
drd  8up»  B 


2  ACETAMIDE. 

a  mixture  of  aldehyde  and  alcohol  {Liebig's  AnnaUrit  cviii.  223).  It  is  intermediate 
between  dichloracetal  and  the  compound  CH'Cl^,  which  Patem6  obtained  by  the 
action  of  phosphorus  pontachloride  on  dichloraldehydo  (Ist  Supjd,  76). 

AOBTAZiDBBTBB*    See  Aldehtde. 

AOSTABUDB,  C^'ONH^  Action  of  PCI^— According  to  Henke  {Ann,  Ck, 
Pharm.  cvi.  273)  phosphorus  pentachloride  acts  on  acetamido  with  great  violence, 
producing  a  compound  of  acetonitril  with  phosphorus  trichloride.  Wallach,  on  the 
other  hand  (DetU.  Chem.  Ges.  Ber.  viii.  304),  finas  that  this  is  not  the  case,  and  thinks 
that  Henke  must  have  worked  with  impure  materials.  The  pure  dry  comjxmnds  act 
on  each  other  in  the  cold,  only  a  small  quantity  of  acetamide  hydrochloride  being 
formed  ;  if  the  reaction  takes  place  in  chloroform,  it  becomes  violent,  but  the  product 
is  the  same,  and  when  the  amide  and  pentachloride  are  heated  together  for  some  time, 
they  yield  acetonitril,  together  with  phosphorus  trichloride  and  oxychloride. 

Acetamide  heated  to  150°  in  a  sealed  tube  with  a-dinitrochlorobenzene 
(CI :  NO' :  NO'  »  1:2:4),  ma^esia  tuta  and  alcohol,  yields  ethyl  acotate, 
dinitraniline,  and  magnesium  chloride,  probably  according  to  the  equation — 

2(CH«.C0NH')  +   2C«H«(N0«)»Cl  +   2CHK)H  +  MgO  » 
2(CH«.C0.0C'H»)  +   2C«H"(N0«)«NH*  +  MgCl«  +  H«0. 

The  decomposition  is,  however,  very  imperfect,  a  considerable  proportion  of  the 
dinitrochlorobenzene  remaining  unaltered  (Willgerodt,  Dcut.  Chcm.  Ges.  Ber,  viii. 
1717). 

Trichloraceiamide  and  phosphorus  pentachloride  heated  together  yield  the  compound 
CKDl'ONP,  which  appears  to  have  the  constitution  of  hexchlorethidene-imldophoephenyl, 
CC1".CCL=:N — POcK  and  to  be  formed  by  the  following  series  of  reactions: — 

(1).  CC1".C0.NH»  +  PCl»      =  poa»  +  ca«.cci«.NH«. 

(2).  CC1».CC1«.NH«  +  POa»  -  Ha  +   CC1«.CC1«.NH.P001«. 
(3).  CCl'.CCl'.NH.POCl"  =  HCl  +  CCl«.CClzzN.POCl«. 

This  compound  distils  at  2dd°-259°,  and  solidifies  at  70^-80°  to  a  white  o^rstalline 
mass.  Its  vapours  violently  irritate  the  eyes  and  mucous  membranes.  It  is  a  very 
unstable  bod^r.  which  cannot  be  kept  widiout  change.  Its  deeompoBition  yieldi 
trichloracetonitril,  together  with  other  products  (Wallach). 

Monochloracetamide,  NH*.C^H*C10.  -  According  to  P.  J.  Meyer  {Deui,  Ckem, 
Ges,  Ber,  viii.  1163),  the  easiest  way  of  preparing  this  compound  is  to  pass  ammonia 
gas  into  cooled  ethyl  monochloracetate :  after  about  an  hour's  action,  the  whole  of  the 
liquid  solidifies  to  a  crystalline  cake,  while  the  alcohol  formed  at  the  same  time  eontaina 
but  a  small  quantity  ii  the  undecompoeed  ether,  which  may  be  treated  in  the  same 
manner. 

One  mol.  chloracetamide  and  1  mol.  anilhte  cautiously  iieated  together  till  the 
amide  fuses,  and  a  strong  reaction  of  hydrochloric  acid  becomes  perceptible,  yield 
phenylamidacetamide,  phenylamidoglycoUamide,  or  phenylglycocin- 
amide,  CH^NHCH^) — CON H',  which  crystallises  from  hot  water  in  microeoopic 
needles  melting  at  133°: — 


CHKJl 

CH«(NHC«H») 

1 

+ 

0»H*NH« 

=a 

HCl 

+ 

1 

CONH* 

CONH« 

When  2  mols.  aniline  are  heated  with  1  mol.  chloracetamide,  the  action  begins  in 
tlio  same  manner  ;  but  the  aniline  hydrochloride  thereby  produced  acta  ftirther  on  the 
phenylamidacetamide,  producing  phenylamidacetanilide,  phenylamidog^yooUanilide, 
or  phenylglycocinanilido : 

CH«NH(C«H*)  CH«NH(C»H») 

I  +  C«H»NH«.Ha  -  NH'.Ha  +     I 

CONH«  CONH(C»H») 

Toluidine  acts  on  chlonicctamido  in  a  similar  manner,  forming  tolylamidoglycoll- 
amide,  or  tolylamidoglycoUanilide,  according  to  the  proportions  used.    (See  Gltooll- 

AMIDKS). 

Btliylaoetamlde,  C-H*O.NH(C<H^).  This  Ixxly  treated  with  phosphorus  penta- 
chloride yields  the  hydrochlori<lo  of  a  chlorinated  base,  which  forms  with  pUtinie 
chloride  a  salt  having  the  formula  (C»H>^ClN-.HCl)>.Pta«.  The  formation  of  this 
base  in  reprcstmted  by  the  following  equations  : — 

CH>CO.NH.C=IP   -k-  Pa»  =   CU'CCP.NH.CH*   +   POa>; 
CH«CCRNH.C-H»  =  CH'CC1=NC»H»   +  HCl; 

2(Cn"CCl):^XC»H»  -   C^H'^CIN"  +   HCl. 

Neither  the  base  itself  nor  the  intermeiliate  products  have  as  yet  been  itftliited. 


ACfiTAMIDB  (PHENYL).  3 

When  tht  crude  product  of  tho  reaction  between  ethylacetamide  and  phosphorus 
P<fnta?hloride  is  precipitated  with  potash,  and  the  precipitate  is  warmed  with  solid 
potash  a  violent  reaction  takes  place^  potassium  chloride  separates,  and  a  new  base, 
C*}I^  ^'S'\  IB  produced  in  the  form  of  an  oily  body,  miscible  with  water,  alcohol,  and  ether, 
a  nd  strongly  basic,  its  aqueous  solution  precipitating  most  salts  and  dissolving  precipitated 

alumina.   This  compound  is  ethenyl'-diethiylamimide,  ^^'^^^^^^vt%  the  first  ethenyl- 

base  of  the  fittty  series,  and  is  probably  formed  by  the  reaction : 

C»H»»aN«  +  2K0H  -  KOI  +  C«H«0«K  +  C»H»«N« 

(Wallach  a.  M.  Hoffmann,  Deut,  Chem,  Gea,  Ber,  yiii.  1567). 

ybenylaeetamlde  or  Aeetanlllde,  C^'O.NH(C*H*).  This  com- 
pound heated  with  sodium  pkemUe  yields  acetone,  diphenyl,  aniline,  and  a  small 
quantitT  of  diphenylamine  ( Weith,  Demi,  Chnn,  Ges,  Bet,  vi.  966). 

Brakebusch  (Inauaural  disBetiaiion,  Qottingen,  1873)  states  that  acetanilide 
treated  with  hyarochloric  add  is  converted  into  tolunitril.  According  to  0.  L. 
Jackson,  however  (Deut,  Ckem,  Gee,  Ber.  vilL  1170^,  this  is  not  the  case.  When  a 
solution  of  acetanilide  in  hydrochloric  acid  was  distiUed  in  a  stream  of  hydrochloric 
acid  gas,  no  oily  distillate  was  obtained,  as  described  by  Brakebusch  ;  and  the  residue 
in  the  retort  consisted  only  of  aniline  hydrochloride.  When  the  liquid  was  distilled 
in  a  stream  of  aqueous  vapour,  acetic  acid  and  aniline  hydrochloride  were  obtained, 
without  a  trace  of  a  nitriL  Neither  was  any  nitril  produced  by  the  action  of  other  de- 
hydrating agents  on  acetanilide.  With  zinc  eUonde  the  compound  (G*H*NH*)'.ZnCl' 
was  formed,  which,  when  strongly  heated,  yielded  a  viscid  oil  containing  aniline, 
but  no  nitriL  With  calcium  chloride  similar  results  were  obtained.  Acetanilide 
heated  with  phoephorie  ankj/dride  was  for  the  most  part  carbonised. 

The  behaviour  of  acetanilide  with  dehydrating  agents  is  therefore  different  firom 
that  of  fbrmanilide,  which,  as  shown  by  Hoflbiann  M^m>*  Ck,  Pharm,  clxiL  121),  is 
thereby  partially  converted  into  bensonitril.  This  difference  of  behaviour  is  quite  in 
aeoordance  with  the  difference  in  composition  of  the  two  bodies : 

/COH 
N]C«H»       -  HH)  +  C«H»CN 

Ih 

Fbrmanilide. 

COCH« 

C«H»       «  HOCHF  +  C«H»CN 

iH 
Aoetanillde. 

Formanilide  splits  np  directlv  into  water  and  benjEonitril ;  similarly  acetanilide 
might  split  up  into  methyl  alconol  and  benzo-  (not  tolu-)  nitril ;  if,  on  the  other 
hand,  it  were  actually  to  yield  water,  the  remainder  would  probably  be  a  body  having 

the  constitution  ^^^w)h> 

Acetanilide  heated  with  phoephoruepentaehhride  is  converted  into  ethenyl- 

diphenyldiamine,CWH««N»-N«|^H»)*  or  CH'.O^jJ^g.^    (Lippmann,  Deu^. 

Ckem.  Gee,  Ber.  vii.  641). 

On  the  other  hand,  when  pure  and  dry  acetanilide  is  shaken  together  with  finely 
triturated  phosphorus  pentacnloride,  rise  of  temperature  being  prevented,  a  ^le- 
yellow  liquid  is  formed,  which  on  standing  deposits  crystals  of  acetanilide- 
chloride: — 

CH«OO.NH.C«H»  +  Pa»  =   CH"CC1«.NH.C«H»  +  P0C1». 

This  product  is  very  unstable,  and  speedily  resolves  itself  into  hvdrochloric  acid  and 
the  imido-chloride,  CH'C01=:N.0*H*.  The  last  body  acts  violently  upon  aniUne, 
forming  ethenyldiphenylamimide,  thus : — 

CH«CC1=NC«H»  +  NH«0^»  =  ^^"^^H.^H*  '*'  ^^^^ 

Acetanilide-chloride,  when  carefully  heated,  melts  below  50®  and  begins  to 
evolve  hydrochloric  acid ;  and  if  then  cooled  suddenly,  to  stop  further  decomposition, 
it  is  found  to  be  converted,  for  the  most  part,  into  the  hydrochloride  of  a  base  having 
the  formula  0**H**01N*,  and  crystallising  from  a  mixture  of  alcohol  and  ether  in 
small  colourless  prisms  melting  at  11 6*^-11 7°.  This  base,  when  heated  above  its 
melting  point,  assumes  a  dark  colour,  and  at  140^-150^  a  violent  reaction  suddenly 
takM  place,  the  resnlt  being  that  it  is  converted  into  Uie  hydrochloride  of  a  new  base^ 
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THIED  SUPPLEMENT. 


A 

[0&,  C>«H>*0  (Beilstein  a.  Kupffer,  Deut  Chem.  Get.  Ber.  \i.  1188  ; 
Wright,  Ckem,  Soc.  Jour,  [2] ,  xii .  1, 8 1 9).  This  substance,  isomerio  with  ordinaiy  camphor, 
is  the  essential  constituent  of  wormwood  oil,  in  which  it  is  associated  with  a  terpene, 
boiling  below  160°,  and  a  deep  blue  oil  which  boils  between  270^  and  300^,  and  agrees 
in  its  properties  with  the  blue  chamomile  oil  examined  by  Kachler  (ist  Sttppl,  277). 
Absinthol  boils  at  195^  (Beilstein  a.  KupfEer);  at  200.-205<»  (Wright) ;  217^  (Gladstone). 
It  differs  essentially  from  camphor  in  its  cnemical  reactions,  not  being  couTerted  into 
camphoric  acid  by  oxidation  with  nitric  acid,  or  into  camphocarbonic  acid  (lat  SuppL 
385),  by  the  action  of  sodium  and  carbonic  anhydride,  and  yielding,  when  fused  with 
potash,  a  large  quantity  of  resin,  but  no  acid.  Heated  with  pkospnoru8  pmtasulphidef 
It  yields  a  considerable  quantity  of  cyme ne,  C*'H*^  identical  with  ordinary  cymene 
from  camphor  or  from  cumin  oil  in  density  (0*8707  at  0°),  boiling  point,  176^ 
(Beilstein  a.  Eupffer),  176^  (Wright),  and  the  properties  of  the  sulphomcacid  deriyed 
from  it.  Cymene  is  also  formed,  though  in  smaller  quantity,  together  with  water  and 
a  resinous  body,  by  treating  absinthol  with  dnc  chloride.  The  action  of  phosphorus 
pentasulphide on  absinthol  likewise  produces  thiocymene  orcymylsulphydrate, 
C»»H«»SH,  boUing  at  288*>-240«»  (Wright). 

For  the  optical  properties  of  absinthol,  see  2nd  8uppL  p.  872. 


I»  CH'N'.  The  existence  of  this  base,  discoTered  by  Strecker, 
has  been  called  in  question  by  Tawildarow  {2nd  Suppl.  1).  An  analogous  base, 
CH^'N*,  has  howsTer  been  obtained,  together  with  Uuo-o-toluylamide,  C"H'S.NH', 
by  the  action   of  hydrogen  sulphide  on  benzyl  cyanide  (Bemthsen,  Deut,   Chem, 

Ges,  jB^.  yiii.  1819).    This  base  is  actually  xylenyl -ami mide,  CH^I^t^z*    ^ 

OH* — GH* — ^^^Jgs  j^^  ^  acediamine  itself  is  ethenyl-amimide,  0*R*^^^mt 
(See  XTuom.  Compounds.) 

AOSMJkPBTBaVB.      See  NAFHTHALBlfS-DllBITATITBS 


C«H>H)«  =  CH«— CH(OC«H»)«.      On  the  action  of  this  body  on 
urethane,  see  Casbakatbs. 

Chloraeetals, — ^According  to  0.  Krey  {Jenaisehe  Zeitschr\ft,  x.  84),  mono-,  di-, 
and  trichloraoetal  are  best  obtained  by  treating  a  mixture  of  2  parts  of  absolute 
alcohol  and  2  parts  of  water  with  8  parts  sulphuric  acid  and  8  parts  of  manganese 
dioxide,  distillinff  off  two-thirds  of  the  liquid,  and  treating  the  cooled  distillate  with 
chlorine  till  it  begins  to  be  turbid.  Monochlor-  and  dichlor-acetal  are  colourless 
liquids  of  agreeable  odour,  boiling  at  164^-169°  and  180^  respectively,  as  stated  by 
Patem6.  ^chloracetal  crystallises  in  large  white  needles,  which  melt  at  83^  and 
begin  to  decompose  at  190^. 

DhUoraeetal  and  Phosphorus  Pentachloride, — ^These  bodies  act  upon  each  other  in 
the  manner  indicated  by  tne  equation — 

OHa'.OH^^H*  +  ^^*  "  CHCl'.CH^^^*  +  P0C1»  +  C«H»C1. 

The  first  of  these  products  is  analogous  to  the  compound  of  aldehyde  and  ethyl 
chloride  wUch  Wurts  and  Frapolli  obtained  by  the  acti(m  of  hydrogen  chloride  on 
^rdBtgf.  B 
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tO&,  C*«H>H)  (Boilstein  a.  KaDfibr,  Iteif/.  Cft^M.  (tm.  Ber,  Ti.  1183 ; 
Wright,  Ckewi.  Soe,  J&mr,  [2],  zii.  1,819).  This  suutanes,  uooiarie  with  ordinaiy  camphor, 
ie  the  eaaential  oonstitaent  of  wormwood  oil,  in  which  it  ia  aatoriated  with  a  t«rpene, 
hdling  below  160^,  and  a  deep  bloe  oil  which  boils  between  270®  and  800®,  and  agrees 
in  its  properties  with  the  Une  chamomile  oil  examined  bj  Kachler  (l«<  Suppl,  277). 
Abeintholboilsat  195®  (BeilBtetna-Kapfler);  at  200  .205® (Wright);  217® (Gladstone). 
It  differs  eseentiallj  from  cam^or  in  its  chemical  reactions,  not  being  conrerted  into 
camphoric  acid  bj  oxidation  with  nitric  acid,  or  into  camphocarbonic  acid  (1^  SuppL 
385),  bj  the  action  of  sodium  and  carbonic  anhydride,  and  yielding,  when  fosed  with 
potash,  a  large  qnantitj  of  resin,  bat  no  add.  Heated  with  pkotpSorm  pmUoiulpkidef 
It  yields  a  considerable  quantity  of  cyme ne,  C**H*\  identical  with  ordinazy  cymene 
frun  camphor  or  from  comin  oil  in  density  (0*8707  at  0®),  boib'n^  point,  175® 
(Beil^in  a.  KupflRer),  176®  (Wright),  and  the  properties  of  the  snlphomcacid  derired 
from  it.  Cymene  is  also  formed,  though  in  smaller  quantity,  together  with  water  and 
a  resinous  body,  by  treating  absinthol  with  sine  chloride.  The  aeUon  of  phosphorus 
pentasulphide on  absinthol  likewise  produces  thiocymene  orcymylsulphyarate, 
5"H"SH.  boiling  at  288®-240®  (Wright). 

For  the  optical  properties  of  absinthol,  see  2»d  Suppl,  p.  872. 

AOBBZAXnnif  C*H*N'.  The  existence  of  this  base^  discoTered  by  Strecker, 
has  been  called  in  question  by  Tawildarow  {2nd  Suppl.  1).  An  analogous  base, 
C'Hi*N*,  has  howeyer  been  obtained,  together  with  Uuo-o-toluylamide,  C'H'S.NH', 
by  the  action  of  hydrogen  sulphide  on  benxyl  cyanide  (Bemthaen,  Detit.  Cksm. 

Ges.  Ber,  yin,  1319).    This  base  is  actually  xylenyl-amimide,  CHM^uy    or 

C^*— GH*— 0<^^,  just  as  acediamine  itself  is  ethenyl-amimide,  C'H*^^, 
(See  Xtudttl  Compouxxni.) 

ACXMAFBTKaam     See  NAFBTHAIJDfl-DBBITAnTBS 


C»H>«0«  -  CH»— CH(0(?H»)'.      On  the  acUon  of  this  body  on 
urethane,  see  Gabbamatu. 

Cklorae$tal; — According  to  0.  Erey  {JetULueke  2ieitsekrift,  z.  84),  mono-,  di-, 
and  trichloracetal  are  best  obtained  by  treating  a  mixture  of  2  parts  of  absolute 
alcohol  and  2  ^arts  of  water  with  8  parts  sulphuric  add  and  8  parts  of  manganese 
dioxide,  distilling  off  two-thirds  of  the  liquid,  and  treating  the  cooled  distillate  with 
chlorine  till  it  begins  to  be  turbid.  Monochlor-  and  dichlor-aoetal  are  colouriess 
liquids  of  agreeable  odour,  boiling;  at  154®-159®  and  180®  respectiyely,  as  stated  by 
Patem6.  Trichloracetal  crystallises  in  large  white  needles,  which  melt  at  88®  and 
begin  to  deeampose  at  190®. 

DieUoncetal  and  Phosphorus  Pmtaehloride. — ^These  bodies  act  upon  each  other  in 
the  manner  indicated  by  the  equation — 

CHW.OH^gl  +  pci»  -  OHa«.CH^^^*  +  Poa»  +  o«H»a. 

The  first  of  these  products  is  analogous  to  the  compound  of  aldehjd^  md  tK]b?j|V 
chloride  irbieb  WnrtM  and  FnpolU  obtained  by  the  action  of  Ikydionii  Cibloci^  otk 
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2  ACETAMIDE. 

a  mixture  of  aldehyde  and  alcohol  (LUbig^a  Annalen^  cviii.  223).  It  is  intermediate 
between  dichloracotal  and  the  componnd  C'HK)1^  which  Patern6  obtained  bj  the 
action  of  phosphorus  pcutachloride  on  dichloraldehydo  {\st  Siippl,  76). 

See  Aldkhtde. 


OTI'ONH^  Action  of  PCI'.— According  to  Henke  {Ann,  Ck. 
Pharm.  cvi.  273)  phosphorus  pentachloride  acts  on  acotamide  with  great  iriolence, 
producing  a  compound  of  acetonitril  with  phosphorus  trichloride.  Wallach,  on  the 
other  hand  {Deut.  Chcm.  Ges,  Ber.  viii.  304),  Unas  that  this  is  not  the  case,  and  thinks 
that  Henke  must  have  worked  with  impure  materials.  The  pure  dry  compounds  act 
on  each  other  in  the  cold,  only  a  small  quantity  of  acetamiae  hydrochloride  being 
formed ;  if  the  reaction  takes  place  in  chloroform,  it  becomes  yiolent,  but  the  product 
is  the  same,  and  when  the  amide  and  pentachloride  are  heated  together  for  some  time, 
they  yield  acetonitril,  together  with  phosphorus  trichloride  and  ozychloride. 

Acetamidfl  heated  to  150^  in  a  sealed  tube  with  a-dinitrochlorobenzene 
(CI :  NO' :  NO'  »  1:2:4),  magnesia  tuta  and  alcohol,  yields  ethyl  acetate, 
dinitraniline,  and  magnesium  chloride,  probably  according  to  the  equation — 

2(CH«.C0NH')  +   2O'H«(N0»)«Cl  +  2C«H»0H  +  MgO  « 
2(CH«.C0.0C»H*)  +  2C«H«(N0«)»NH«  -i-  MgCl«  +  H'O. 

The  decomposition  is,  however,  reiy  imperfect,  a  considerable  proportion  of  the 
dinitrochlorobenzene  remaining  unaltered  (Willgerodt,  Deut.  Chcm,  Ges,  Ber,  viii. 
1717). 

IVichloracctamide  and  phosphorus  pentachloride  heated  together  yield  the  compound 
CK/l'ONP,  which  appears  to  have  the  constitution  of  hexchlorediidene-imidophosphenyl, 
CCl'.CClzzN — pool',  and  to  be  formed  by  the  following  series  of  reactions: — 

(1).  CC1«.C0.NH«  +  PC1»        =  P0C1»  +   Ca«.CCl«.NH*. 
(2).  CCI«.CC1«.NH«  +  P0C1»  -  HCl  +   CCl«.CCl*.NH.POa«. 
(3).  CC1>.CC1«.NH.P0C1«  =  Ha  +  CC1«.CC1=N.P0C1*. 

This  compound  distils  at  255^-259^  and  solidifies  at  70^-80^  to  a  white  ciystaUine 
mass.  Its  vapours  violently  irritate  the  eyes  and  mucous  membranes.  It  is  a  vexy 
unstable  bod^,  which  cannot  be  kept  without  change.  Its  decompOBition  yields 
trichloracotonitril,  together  with  other  products  (Wallach). 

Monochloracetamide,  NH^CH'CIO.  -  According  to  P.  J.  Meyer  (Deut.  Ckem. 
Ges.  Ber,  viii.  1153),  the  easiest  way  of  prepiiring  this  compound  is  to  pass  ammouia 
gas  into  cooled  ethyl  monochloracetate :  after  about  an  hour  s  action,  the  whole  of  the 
liquid  solidifies  to  a  crystalline  cake,  while  the  alcohol  formed  at  the  same  time  eoDtains 
but  a  small  quantity  of  the  undecomposed  ether,  which  may  be  treated  in  the  same 
manner. 

One  mol.  chloracetamide  and  1  mol.  aniline  cautiously  liejited  together  till  the 
amide  fuses,  and  a  strong  reaction  of  hydrochloric  acid  becomes  perceptible,  yield 
phenylamidacetamide,  phenylamidoglycollamide,  or  phenylglycocin- 
amide,  CH^NHCH^) — CON H^  which  crystallises  from  hot  water  in  microsoopic 
needles  melting  at  133®: — 

CH«a  CH«(NHC^») 

I  +   C«H*NH»  =   Ha  +     I 

CONH«  CONH« 

Wlion  2  mols.  aniline  are  heated  with  1  mol.  chloracetamide,  the  action  begins  in 
the  same  manner  ;  but  the  aniline  hydrochloride  thereby  produced  acta  i^uther  on  the 
plienylamidacet'imide,  producing  phenylamidacetanilide,  phenylamidog^yeoUanilide, 
or  phenylglycocinanilide : 

CH«NH(C«H»)  CH«NH(C«H») 

I  +  C«H»NH«.Ha  -  NH».Ha  +     I 

CONH»  CONH(0»H») 

Toluidine  acts  on  chloracetamide  in  a  similar  manner,  forming  tolylamidoglycoU- 
amido,  or  tolylamidoglycollanilide,  according  to  the  proportions  used.    (See  Gltcoix- 

AMinKt). 

BtliTlaoetamlde,  O^H*0.NH(C<H>).  This  \m\y  treated  with  phosphonis  penta- 
chloride yieldN  the  hydrochloride  of  a  chlorinafud  base,  which  forms  with  pustinic 
chloride  a  uilt  having  the  formuU  (C«H>H:iN2.HCl)>.Ra«.  Tlie  formation  of  this 
base  is  represented  by  the  following  equations  : — 

CIPCO.NH.C^H*  +   Pa»  =  CU'CCP.XH.CH*  +   POa»; 
CH»CC1«.NH.CTI*  =   CH»CCl— NC»H»  +  Ha; 

2(CU«CCl)-^XC=»n*  =  CH'^CIN*  +  Ha. 

Neither  the  base  itself  nor  the  intermetliate  products  have  as  yet  been  rimlattil. 


ACEl^AMIDE  (PHENYL).  3 

When  the  crude  product  of  tho  reaction  between  ethylacetamide  and  phosphoms 
pi'ntaehloride  ia  precipitated  with  potash,  and  the  precipitate  is  warmed  with  solid 
potash  a  violent  reaction  takes  place,  potassium  chloride  separates,  and  a  new  base, 
C*]l>  'N^,  is  produced  in  the  form  of  an  oilj  body,  miscible  with  water,  alcohol,  and  ether, 
and  strongly  basic,  its  aqueous  solution  precipitating  most  salts  and  dissolving  precipitated 

alumina.  This  compound  is  ethenyl-diethylamimde,  ^^'^^^^^^rnu*  ^^  ^nt  ethenyl- 
base  of  the  fiitty  series,  and  is  probably  formed  by  the  reaction  : 

OH'KJIN*  +  2K0H  -  KQ  +  C«H>0«K  +  C«H»'N« 
(Wallach  a.  M.  Hofiinann,  Deut,  Chem,  Oea,  Ber.  viii.  1567). 

PHenylaeetamlde  or  Aeetanlllde,  C*H*O.NH(C*H«).  This  com- 
pound heated  with  9odwmphmaU  yields  acetone,  diphenyl,  aniline,  and  a  small 
quantity  of  diphenylamine  (Weith,  Deut,  Chem*  Ges,  Ber.  vi.  966). 

Brakebusch  (InaumttyU  dieeertation,  G^ttingen,  1878)  8tat<>4s  that  acetanilide 
treated  with  hydrochloric  add  is  conyerted  into  tolunitril.  According  to  0.  L. 
Jackson,  howeyer  (Deut.  Chem,  Gee,  Ber.  yiii.  1170),  this  is  not  the  case.  When  a 
solution  of  acetanilide  in  hydrochloric  acid  was  distilled  in  a  stream  of  hydrochloric 
acid  gas,  no  oily  distillate  was  obtained,  as  described  by  Brakebusch  ;  and  the  residue 
in  the  retort  consisted  only  of  aniline  hydrochloride.  When  the  liquid  was  distilled 
in  a  stream  of  aqueous  yapour,  acetic  acid  and  aniline  hydrochloride  were  obtained, 
without  a  trace  of  a  nitriL  Neither  was  any  nitril  produced  by  the  action  of  other  de- 
hydrating agents  on  acetanilide.  With  eine  chloride  the  compound  (C*H*NH')'.ZnCl' 
was  formed,  which,  when  strongly  heated,  yielded  a  viscid  oil  containing  aniline, 
but  no  nitril.  With  calcium  chloride  similar  results  were  obtained.  Acetanilide 
heated  with  phaephorie  anhydride  was  for  the  most  part  carbonised. 

The  behaviour  of  acetanilide  with  dehydrating  agents  is  therefore  different  from 
that  of  formanilide,  which,  as  shown  by  Moflbiann  ytfM.  Ch.  Pharm,  clxiL  121),  is 
thereby  partially  converted  into  benzooitril.  This  difference  of  behaviour  is  quite  in 
accordance  with  the  difference  in  composition  of  the  two  bodies : 

/COH 
n]C«H»       -  H«0  +  C«H»CN 

Ih 

Fbraanilide. 

n|c«H»       =  HOCH"  +  C«H»CN 

Acetanilide. 

Formanilide  splits  up  directly  into  water  and  benzonitril ;  similarly  acetanilide 
might  split  up  into  meUiyl  alconol  and  benzo-  (not  tolu-)  nitril ;  if,  on  the  other 
hand,  it  were  actually  to  yield  water,  the  remainder  would  probably  be  a  body  having 

the  constitution  N^X— nxp 

A^^,4itiili^^  heated  with  phosphorus  pentaehloride  is  converted  into  ethenyl- 

diphenyldiamine,CWH«*N«=N«|^H»)«  or  CH'.O^j^^g,       (Lippmann,  I>e«/. 

CJbm.  Ges,  Ber,  vii.  541). 

On  the  other  hand,  when  pure  and  dry  acetanilide  is  shaken  together  with  finely 
triturated  phosphorus  pentacnloride,  rise  of  temperature  being  prevented,  a  ^ale- 
yellow  liquid  is  formed,  which  on  stunding  deposits  crystals  of  acetanilide- 

'  CH«CO.NH.C«H»  +  Pa»  =   CII»CC1*.NH.C«H»  +  P0C1>. 

This  product  is  very  unstable,  and  speedily  resolves  itself  into  hydrochloric  acid  and 
the  imido-chloride,  CH*CC1=N.C*H*.  The  last  body  acts  violently  upon  aniline, 
forming  ethenyldiphenylamimide,  thus: — 

CiPCCtizNOH*  +  NH«C«tt»  =  CH»C^^^*jjs  +  HCl. 

Acetanilide-chloride,  when  carefully  heated,  melts  below  50^  and  begins  to 
evolve  hydrochloric  acid ;  and  if  then  cooled  suddenly,  to  stop  further  decomposition, 
it  is  found  to  be  converted,  for  the  most  part,  into  the  hydrochloride  of  a  base  having 
the  formula  CH**C1N',  and  crystallising  from  a  mixture  of  alcohol  and  ether  in 
small  colourless  prisms  melting  at  116^-117^.  This  base,  when  heated  above  its 
melting  point,  assumes  a  dark  colour,  and  at  140^-150°  a  violent  reaction  suddenly 
takes  place,  the  result  being  that  it  is  converted  into  the  hydrochloride  of  a  new  base^ 
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rB  PRESENT  SUPPLEMENT  brings  the  Kecord  of  Chemica 
Disoovery  down  to  the  end  of  the  year  1877,  including  some  of  th 
more  important  discoveries  which  have  appeared  in  1878.  As  it  com 
prises  a  longer  interval  than  the  preceding  Supplements,  and  is  there 
fore  necessarily  larger,  it  will  be  published  in  Two  Parts. 

The  Author  has  great  pleasure  in  acknowledging  the  assistance  o 
the  following  gentlemen,  who  have  contributed  Articles  to  the  Firs 
Part: 

R  J.  MILIJ3,  DJSc.,  F.BJ3.,  *Touifo'  PitonnsoB  or  Tkhnical  CmonsTRT   t 

AlfDRBflON's  COLUCOB,   GULSGOW  : 

Cfumulative  BesoliUion, 
T.   £.  THORPE,  Ph.D.,  F.RS.,  Profbssor  or  CHmnsTBT  m  thb  Yorkshib: 

COLLBOB  OF  SCKBCB,  LbRDB  : 

Flame. 

R  WARINGTON,  Esq..  F.Ca : 
Barley.— Forest  Drees. 

For  the  Second  Part  contributions  have  been  kindly  promised  h 
Db.  Abmstbono,  F.R.S.,  *  On  Naphthalene  and  its  Derivatives,'  *  Oi 
Phenols/  and  *  On  Substitution ' ;  by  Dr.  Flight  of  the  Mineral  Depart 
ment,  British  Museum,  *  On  Meteorites ' ;  by  Professor  G.  C.  Footer 
F.RS.,  'On  the  Dynamical  Theory  of  Heat';  by  Dr.  Roscoe,  F.R.S. 
*0n  Spectral  Analysis';  by  Dr.  Thorpe,  F.R.S.,  *  On  Specific  Volumes, 
and  *  On  Water ; '  and  by  Mr.  Warington,  *  On  Wheat.* 


j}  This  hool'  is  the  prop.  , 

COOPER  MEDICAL  COLL..... 

SAN  FRANCISCO.  CAL- 

cind  IS  rmt  to  ht*  rrmnr^d   /'  .^rn   the 
Library   ]h)Oh>    Ay  <      ,    I     .-..,,,    ^^,. 

uitdtr  Unit  n, .  :>.,{'/ 


2  ACETAMIDE. 

a  mixture  of  aldehyde  and  alcohol  (Liebiff's  Annalm^  cviii.  223).  It  is  intermediate 
between  dichloracetal  and  the  compound  CHK^l*,  which  Fatern6  obtained  by  the 
action  of  phosphorus  pontachloride  on  dichloraldehydo  (1^  Suppl,  76). 

See  Aldkhtdb. 

I,  C«H«ONH*.  Action  of  Pa».— According  to  Henke  {Ann.  Ch, 
Pharm.  cvi.  273)  phosphorus  pentachloride  acts  on  acetamide  with  great  violence, 
producing  a  compound  of  acetonitril  with  phosphorus  trichloride.  Wallach,  on  the 
other  hand  {DetU.  Chem.  Ges.  Ber,  yiii.  304),  finds  that  this  is  not  the  case,  and  thinks 
that  Henke  must  have  worked  with  impure  materials.  The  pure  dry  compounds  act 
on  each  other  in  the  cold,  only  a  small  quantity  of  acetamiae  hydrochloride  being 
formed ;  if  the  reaction  takes  place  in  chloroform,  it  becomes  violent,  but  the  product 
is  the  same,  and  when  the  amide  and  pentachloride  are  heated  together  for  some  time, 
they  yield  acetonitril,  together  with  phosphorus  trichloride  and  ozychloride. 

Acetamide  heateid  to  150®  in  a  sealed  tube  with  a-dinitrochlorobenzcne 
(CI :  NO' :  NO'  =>  1:2:4),  ma^etia  luta  and  alcohol,  yields  ethyl  acetate, 
dinitraniline,  and  magnesium  chlonde,  probably  according  to  the  equation — 

2(CH«.C0NH«)  +   2C«H»(N0«)«C1  +   2C«H»0H  +  MgO  = 
2(CH».00.0C»H*)  +  2C«H«(N0*)«NH«  -i-   MgCl«  +  H«0. 

The  decomposition  is,  however,  very  imperfect,  a  considerable  proportion  of  the 
dinitrochlorobenzene  remaining  unaltered  (Willgerodt,  Deut.  Chem,  Ges,  Ber,  viii. 
1717). 

THokloracetamide  and  phosphorus  pentachloride  heated  together  yield  the  compound 
CCl'ONP,  whidh  appears  to  have  the  constitution  of  hexchlorethidene-imidophoephenyl, 
CC1*.CCI~"N — ^POOl*,  and  to  be  formed  by  the  following  series  of  reactions : — 

(1).  Ca'.CO.NH'  +  PC1»        »  P0C1»  +   CC1«.CC1«.NH*. 
(2).  CCl».CCl«.NH«  +  POa»  -  HCl  +   CCI«.CC1«.NH.P0C1«. 
(3).  CCl>.Ga«.NH.POCl«  =  Ha  +  CCl«.CCLziN.POCl«. 

This  compound  distils  at  2dd®-259^,  and  solidifies  at  70^-80®  to  a  white  crystalline 
mass.  Its  vapours  violently  irritate  the  eyes  and  mucous  membranes.  It  is  a  veiy 
unstable  body,  which  cannot  be  kept  without  change.  Its  decomposition  yields 
trichloracetonitril,  together  with  other  products  (Wallach). 

Monockloracetamide,  NH'.OH'OIO.  -According  to  P.  J.  Meyer  {Deut,  Chem, 
Ges,  Ber,  viii.  1153),  the  easiest  way  of  preparing  this  compound  is  to  pass  ammonia 
gas  into  cooled  ethyl  monochloracetate :  after  about  an  hour's  action,  the  whole  of  the 
liquid  solidifies  to  a  crystalline  cake,  while  the  alcohol  formed  at  the  same  time  contains 
but  a  small  quantity  (n  the  undecomposed  ether,  which  may  be  treated  in  the  same 
manner. 

One  mol.  chloracetamide  and  1  mol.  aniline  cautiously  heated  together  till  the 
amide  fuses,  and  a  strong  reaction  of  hydrochloric  acid  becomes  perceptible,  yield 
phenylamidacetamide,  phenylamidoglycollamide,  or  phenylglycocin- 
amide,  CH^NHCH') — CONH',  which  aystallises  from  hot  water  in  microscopic 
needles  melting  at  133®: — 

CHKJl  CH«(NHC«H») 

I  +  C«H»NH«  «  HCl  +     I 

CONH«  CONH« 

When  2  mols.  aniline  are  heated  with  1  mol.  chloracetamide,  the  action  begins  in 
the  same  manner  ;  but  the  aniline  hydrochloride  thereby  produced  acta  further  on  the 
phenylamidacetamide,  producing  phenylamidacetanilide,  phenylamidoglycollanilide, 
or  phenylglycocinanilide : 

OH«NH(C«H*)  CH«NH(C«H») 

I  +  C«H»NH«  HCl  -  NH».H01  +     I 

CONH«  CONH(C«H*) 

Toluidine  acts  on  chloracetamide  in  a  similar  manner,  forming  tolylamidoglycoU- 
amide,  or  tolylamidoglycollanilide,  according  to  the  proportions  used.    (See  Gltcoll- 

AMIDBS). 

Xthylaoetamlde,  C*H*O.NH(C*H*).  This  body  treated  with  phosphorus  penta- 
chloride yields  the  hydrochloride  of  a  chlorinated  base,  which  forms  with  platinic 
chloride  a  salt  having  the  formula. (OH»»ClN«.HCl)«.Pta*.  The  formation  of  this 
base  in  represented  by  the  following  equations : — 

CH»CO.NH.C«H»  +  Pa»  =  CH»Ca^NH.C»H»  +   POa»; 
'H«CC1«.NH.C'H»  =  OH«CCli=NC»H»   +  HCl; 

*H»Ca)=NC«H»  »  C«H»*C1N«  +   HCl. 

9  itself  DOT  the  intermediiite  products  have  as  yet  been  isolated. 


ACETAMIDE  (PHENYL).  3 

When  the  crude  product  of  the  zeaction  between  ethylacetamide  and  phosphoruB 
pentachloride  ia  precipitated  with  potash,  and  the  precipitate  is  warmed  with  sob'd 
potash  a  riolent  reaction  takes  place,  potassium  chloride  separates,  and  a  new  base, 
C*H»  'N^,  is  produced  in  the  form  of  an  oilj  body,  miscible  with  water,  alcohol,  and  ether, 
and  strongly  basic,  its  aqueous  solution  precipitating  most  salts  and  dissolying  precipitated 

alumina.  This  compound  is  ethenyl-diethylammide,  CH'.C^^Sh*  ^^*  ^"*  ethenyl- 
base  of  the  fiitty  series,  and  is  probably  formed  by  the  reaction  : 

(?H'»C1N«  +  2K0H  -  KCl  +  C»H»0*K  +  C«H"N« 
(Wallach  a.  M.  Hoffinann,  Deut,  Chem.  Ges,  Ber,  viii.  1567). 

PHenylaeetamlde  or  Aeetanlllde,  G*n*O.NH(G«H0.  This  com- 
pound heated  with  sodium  pkmaU  yields  acetone,  diphenyl,  aniline,  and  a  small 
qoantitT  of  diphenylamine  (Weith,  Detit,  Chem,  Ges,  Ber,  vi.  966). 

Brakebusch  (Inauaural  disserttttion,  Gottingen,  1878)  states  that  acetanilide 
treated  with  hydrochloric  add  is  conyerted  into  tolunitril.  According  to  C.  L. 
Jackson,  however  ^BetU,  Ckem,  Ges,  Ber,  viiL  1170^,  this  is  not  the  case.  When  a 
solution  of  acetanilide  in  hydrochloric  acid  was  distilled  in  a  stream  of  hydrochloric 
acid  gas,  no  oily  distillate  was  obtained,  as  described  by  Brakebusch  ;  and  the  residue 
in  the  retort  consisted  only  of  aniline  hydrochloride.  When  the  liquid  was  distilled 
in  a  stream  of  aqueous  yapour,  acetic  acid  and  aniline  hydrochloride  were  obtained, 
without  a  trace  of  a  nitriL  Neither  was  any  nitril  produced  by  the  action  of  other  de- 
hydrating agents  on  acetanilide.  With  eino  chloride  the  compound  (C*H*NH')*.ZnCl' 
was  formed,  which,  when  strongly  heated,  yielded  a  yiscid  oil  containing  aniline, 
but  no  nitriL  With  calcium  chloride  similar  results  were  obtained.  Acetanilide 
heated  with  phosphoric  anhydride  was  for  the  most  part  carbonised. 

The  behayiour  of  acetanilide  with  dehydrating  agents  is  therefore  different  from 
that  of  fbrmanilide,  which,  as  shown  by  UoiAnann  i^sm,  Ch,  Pharm,  clxiL  121),  is 
thereby  partially  converted  into  benionitril.  This  difference  of  behaviour  is  quite  in 
accordance  with  the  difference  in  composition  of  the  two  bodies : 

/COH 
N]C«H»       -  HK)  +  C«H»CN 

Ih 

VonnanUide. 

/COCH« 
N  \  C«H»       -  HOCH"  +  C«H»CN 

Ariitinlllift. 

Formanilide  splits  up  directly  into  water  and  benionitril ;  similarly  acetanilide 
might  split  up  into  methyl  aleonol  and  banco-  (not  tolu-)  nitril ;  if,  on  the  other 
hand,  it  were  actually  to  yield  water,  the  remainder  would  probably  be  a  body  having 

the  constitution  N^''"^ 


Aff^^«ili<^*>  heated  with  phoephoruspemtaehlorids  is  converted  into  ethenyl- 

diphenyldiamine.C»«H««N«-N«|^H»)«  or  CH'.O^^^gl^*  (Lippmann, />«»/. 

Chem.  Gee,  Ber,  vii.  641). 

On  the  other  hand,  when  pure  and  dry  acetanilide  is  shaken  together  with  finely 
triturated  phosphorus  pentacnloride,  rise  of  temperature  being  prevented,  a  pale- 
yellow  liquid  is  form^,  which  on  standing  deposits  crystals  of  acetanilide- 

*  CH«CO.NH.0»H»  +  pa»  »  cn»cci*.NH.(ra»  ^  Poa». 

This  product  is  very  unstable,  andspeedily  resolves  itself  into  hydrochloric  acid  and 
the  imido-chloride,  CH*CC1=N.C^*.  The  last  body  acts  violently  upon  aniUne^ 
forming  ethenyldiphenylamimide,  thus : — 

CHHXn=NC^»  +   NH«Cffil»  -  CH«C^^^g.  +   Ha. 

Acetanilido^hloride,  when  carefully  heated,  melts  below  60^  and  begins  to 
evolve  hydrochloric  add ;  and  if  then  cooled  suddenly,  to  stop  further  deeompositiop, 
it  is  fiDnnd  to  be  eomrsrted,  for  the  most  part,  into  the  hydnjchloride  of  a  base  having 
the  formula  CHKHN*,  and  crystallising  from  a  mixture  of  alcohol  and  ether  in 
sbmII  odoiirleaB  prisBH  melting  at  119^-117^.  This  base,  when  heated  above  iu 
mdti^  point,  aanaies  a  dark  colour,  and  at  \¥f*-\ffiP  a  violent  reaction  suddenly 
liv  AMlt  hetq^  Chat  it  IS  eoovttrted  into  the  hjdzoehlinidft  qI  ^  ntEv\^^ 
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a  mixture  of  aldehyde  and  alcohol  (Liebiff*8  Anttalen,  cviii.  223).  It  is  intermediate 
between  dichloracotal  and  the  compound  C^RH^l*,  which  Patem6  obtained  by  the 
action  of  phosphorus  pontachloride  on  dichloraldehyde  (1^  Suppl.  76). 

See  AXDEHTBB. 

I,  C«H«ONH*.  Action  of  Pa».— According  to  Henke  {Ann.  Ck. 
Pharm.  cvi.  273)  phosphorus  pentachloride  acts  on  acetamide  with  great  violence, 
producing  a  compound  of  acetonitril  with  phosphorus  trichloride.  Wallach,  on  the 
other  hand  {Deut.  Chcm.  Get,  Ber.  viii.  304),  Unas  that  this  is  not  the  case,  and  thinks 
that  Henke  must  hare  worked  with  impure  materials.  The  pure  dry  comfxiunds  act 
on  each  other  in  the  cold,  only  a  small  quantity  of  acetamiae  hydrochloride  being 
formed ;  if  the  reaction  takes  place  in  chloroform,  it  becomes  violent,  but  the  product 
is  the  same,  and  when  the  amide  and  pentachloride  are  heated  together  for  some  time, 
they  yield  acetonitril,  together  with  phosphorus  trichloride  and  ozychloride. 

Acetamide  heated  to  150®  in  a  sealed  tube  with  a-dinitrochlorobenzcne 
(CI :  NO' :  NO'  »  1:2:4),  tna^esia  tuta  and  alcohol,  yields  ethyl  acetate, 
dinitraniline,  and  magnesium  chloride,  probably  according  to  the  equation — 

2(CH«.C0NH«)  +   2(?'H»(N0«)»C1  +  2C«H»0H  +  MgO  « 
2(CH».C0.0C'H»)  +  2C«H«(N0«)«NH«  -i-  MgCl«  +  H'O. 

The  decomposition  is,  however,  reiy  imperfect,  a  considerable  proportion  of  the 
dinitrochlorobcnzene  remaining  unaltered  (Willgerodt,  Deut.  Chem,  Ges.  Ber,  viii. 
1717). 

Trichloracetamide  and  phosphorus  pentachloride  heated  together  yield  the  compound 
CK!1*0NP,  which  appears  to  have  the  congtitution  of  hexchlorethidene-imidophosphenyl, 
CC1«.CC1=:N— pool',  and  to  be  formed  by  the  following  series  of  reactions: — 

(1).  CC1«.C0.NH«  +  P01»        -  POa»  +   CC1>.CC1«.NH«. 
(2).  CG1».C01«.NH«  +  POa»  -  HCl  +  CC1«.C01'.NH.P0C1«. 
(8).  C01>.Ca«.NH.P001«  =  HCa   +  CCl«.CClzi:N.POa«. 

This  compound  distils  at  255^-259^,  and  solidifies  at  70®-80<' to  a  white  crystalline 
mass.  Its  vapours  violently  irritate  the  eyes  and  mucous  membranes.  It  is  a  veiy 
unstable  body,  which  csnnot  be  kept  without  change.  Its  decomposition  yields 
trichloracetonitril,  together  with  other  products  (Wallach). 

Monochloracetamide,  NH'.CH'CIO.  -According  to  P.  J.  Meyer  (DetU,  Chem. 
Ges.  Ber,  viii.  1153),  the  easiest  way  of  preparing  this  compound  is  to  pass  ammonia 
gas  into  cooled  ethyl  monochloracetate :  after  about  an  hour  s  action,  the  whole  of  the 
liquid  solidifies  to  a  crystalline  cake,  while  the  alcohol  formed  at  the  same  time  contains 
but  a  small  quantity  of  the  undecomposed  ether,  which  may  be  treated  in  the  same 
manner. 

One  mol.  chloracetamide  and  1  mol.  aniline  cautiously  lieated  together  till  the 
amide  fuses,  and  a  strong  reaction  of  hydrochloric  acid  becomes  perceptible,  yield 
phenylamidacetamide,  phenylamidoglycollamide,  or  phenylglycocin- 
amide,  C1I'(NHCH*) — CONH',  which  crystallises  from  hot  water  in  microscopic 
needles  melting  at  183® : — 

CHKJl  CH«(NHC«H») 

I  +  C«H»NH«  =  HOI  +     I 

CONTI«  CONH« 

When  2  mols.  aniline  are  heated  with  1  mol.  chloracetamide,  the  action  begins  in 
the  same  manner  ;  but  the  aniline  hydrochloride  thereby  produced  acts  further  on  tlie 
phenylamidacetamide,  producing  phenylamidacetaniUde,  phenylamidoglycoUanilide, 
or  phenylglycocinanilide : 

CH»NH(C«H»)  CH'NH(C«H») 

I  +  C«H»NH».HC1  -  NH«.HC1  +     I 

OONH«  CONH(C«H») 

TolMine  acts  on  chloracetamide  in  a  similar  manner,  forming  tolylamidoglycoU- 
amide,  or  tolylamidoglycollanilide,  according  to  the  proportions  used.    (See  Gltcoll- 

▲MIDBS). 

BthTlaoetAmlda,  CH*O.NH(C*H*).  This  Itody  treated  with  phosphorus  penta- 
chloride yields  the  hydrochlorkle  of  a  chlorinated  base,  which  forms  with  puitinic 
chloride  a  salt  having  the  formula  (C*n>^CiN'.HCl)'.PtCl«.  The  formation  of  this 
base  is  represented  by  the  following  equations : — 

CH'CO.NH.CH*  +  Pa»  -  CH'Ca^NH.CH*  +  P0C1«; 
CHHXa'NH.CH*  =  CH«CCl=rNC»H*  +   HCl; 

2(CHHx:!i)=:NC»H»  -  ch'h:in«  +  nci. 

Ntither  the  base  itself  nor  the  intermeiliate  products  have  as  yet  been  isolated. 
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When  the  crude  product  of  the  reaction  between  ethjlacetamide  and  phosphorus 
penta'.^hiuride  ia  precipitated  with  potash,  and  the  precipitate  is  warmed  with  solid 
potash  a  riolent  reaction  takes  place,  potassium  chloride  separates,  and  a  new  base, 
C^H*  'N^,  is  produced  in  the  form  of  an  oilj  body,  miscible  with  water,  alcohol,  and  ether, 
and  strongly  basic,  its  aqueous  solution  precipitating  most  salts  and  dissolving  precipitated 

alumina.  This  compound  is  ethenyUdieihylamimidet  ^^'^^'^NH^H*  ^^®  ^"^  ethenyl- 
base  of  the  fiitty  series,  and  is  probably  formed  by  the  reaction : 

C"H"C1N«  +  2K0H  -  Ka  +  C«H«0«K  +  C«H"N« 
(Wallach  a.  M.  Hofimann,  Deut,  Ckem,  Ges,  Ber,  viii.  1567). 

PHanylaeatamlde  or  Aeetanlllda,  0'H*OJ^H(C«H*).  This  com- 
pound heated  with  ModivmphmuUe  yields  acetone,  di phenyl,  aniline,  and  a  small 
quantity  of  diphenylamine  (Weith,  Deut.  Chem,  Ges,  Ber,  vi.  966). 

Brakebusch  (Inauoural  dieeertatUm^  Gottingen,  1878)  states  that  acetanilide 
treated  with  hydrochloric  add  is  conyerted  into  tolunitril.  Accoxding  to  0.  L. 
Jackson,  howeyer  {Deut.  Chem,  Gee,  Ber.  yiii«  1170^,  this  is  not  the  case.  When  a 
solution  of  acetanilide  in  hydrochloric  acid  was  distilled  in  a  stream  of  hydrochloric 
acid  gas,  no  oily  distillate  was  obtained,  as  described  by  Brakebusch  ;  and  the  residue 
in  the  retort  consisted  only  of  aniline  hydrochloride.  When  the  liquid  was  distilled 
in  a  stream  of  aqueous  vapour,  acetic  acid  and  aniline  hydrochloride  were  obtained, 
without  a  trace  of  a  nitriL  Neither  was  any  nitril  produced  by  the  action  of  other  de< 
hydrating  agents  on  acetanilide.  With  tine  chloride  the  compound  (C*H*NH')*.ZnCl' 
was  formed,  which,  when  strongly  heated,  yielded  a  viscid  oil  containing  aniline, 
but  no  nitril.  With  calcium  chloride  similar  results  were  obtained.  Acetanilide 
heated  with  phoephorie  anhydride  was  for  the  most  part  carbonised. 

The  behaviour  of  acetanilide  with  dehydrating  agents  is  therefore  different  from 
that  of  formanilide,  which,  as  shown  by  UoiAnann  (Ann.  Ch.  Pharm,  clxii.  121),  is 
thereby  partially  converted  into  benzooitril.  This  difference  of  behaviour  is  quite  in 
accordance  with  the  difference  in  composition  of  the  two  bodies : 

/COH 
n]C«H»       -  mo  +  C«H»CN 

Ih 

VonnsDiUde. 

COCH» 

C«H»       -  HOCH"  +  0»H»CN 

Acetanilide. 

Formanilide  splits  up  directly  into  water  and  benzonitril ;  similarly  acetanilide 
might  split  up  into  methyl  alconol  and  benzo-  (not  tolu-)  nitril ;  if,  on  the  other 
hand,  it  were  actually  to  yield  water,  the  remainder  would  probably  be  a  body  having 

the  constitution  ^^^^rCH* 

Acetanilide  heated  with  phoephoruepentaehloride  is  converted  into  ethenyl- 

diphenyldiamine.C"H«N«=N«|^H»)«  or  OH'.O^jJ^^,       (Lippmann, /?««/. 

Chem,  Gee.  Ber.  vii.  541). 

On  the  other  hand,  when  pure  and  dry  acetanilide  is  shaken  together  with  finely 
trituratsd  phosphorus  pentacnloride,  rise  of  temperature  being  prevented,  a  pale- 
yellow  liquid  is  formed,  which  on  utauding  deposits  crystals  of  acetanilide- 
chloride: — 

CH«CO.NH.C«H»  +  PC1»  =  CH«CC1*.NH.0»H*  +  POCl*. 

This  product  is  very  unstable,  and  speedily  resolves  itself  into  hydrochloric  acid  and 
the  imido-chloride,  CH'CClzzN.CH*.  The  last  body  acts  violently  upon  aniline, 
forming  ethenyldiphenylamimide,  thus : — 

CH»CC1=NC^»  +  NH«C«tt*  =  ^^'^^H.C«H»  "*"  ^^^• 

Acetanilide-chloride,  when  carefully  heated,  melts  below  60^  and  begins  to 
evolve  hydrochloric  acid ;  and  if  then  cooled  suddenly,  to  stop  further  decomposition, 
it  is  fbund  to  be  converted,  for  the  most  part,  into  the  hydrochloride  of  a  base  having 
the  formula  C'*H**C1N*,  and  crystallising  from  a  mixture  of  alcohol  and  ether  in 
small  colourless  prisms  melting  at  116^-117^.  This  base,  when  heated  above  its 
melting  point,  assumes  a  dark  colour,  and  at  140^-150°  a  violent  reaction  suddenly 
takes  place,  the  result  being  Uiat  it  is  converted  into  the  hydrochloride  of  a  new  base, 
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PEEFACE. 


rB  PRESENT  SUPPLEMENT  brings  the  Kecord  of  Chemical 
Discovery  down  to  the  end  of  the  year  1877,  including  some  of  the 
more  important  discoveries  which  have  appeared  in  1878.  As  it  com- 
prises a  longer  interval  than  the  preceding  Supplements,  and  is  there- 
fore necessarily  larger,  it  will  be  published  in  Two  Parts. 

The  Author  has  great  pleasure  in  acknowledging  the  assistance  of 
the  following  gentlemen,  who  have  contributed  Articles  to  the  First 
Part: 

E.  J.  MILLS,  DJSc.,  F.BJ3.,  'Touko'  PitonnsoB  or  Tkhnical  CmonsTRT   nr 

AjfDKBSOli's  COLUCOB,   GLASGOW  : 

(htmuUUive  BetoluHan, 
T.   £.  THORPE,  Ph.D.,  F.RS.,  Profkssor  or  CHmnsTBT  m  the  Yorkshibb 

COLLBOB  OF  SCIEBCB,  LbRDS  : 

Flame. 

R  WARINGTON,  Esq.,  F.Ca : 
Barley,— Forest  Drees, 

For  the  Second  Part  contributions  have  been  kindly  promised  by 
Dr.  Abmstbono,  F.R.S.,  '  On  Naphthalene  and  its  Derivatives,'  *  On 
Phenols/  and '  On  Substitution ' ;  by  Dr.  Flight  of  the  Mineral  Depart- 
ment, British  Museum,  '  On  Meteorites ' ;  by  Professor  G.  C.  Foster, 
F.RS.,  *0n  the  Dynamical  Theory  of  Heat';  by  Dr.  Roscoe,  F.R.S., 
*0n  Spectral  Analysis';  by  Dr.  Thorpe,  F.R.S.,  *  On  Specific  Volumes,' 
and  *  On  Water ; '  and  by  Mr.  Warington,  *  On  Wheat.' 
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THIRD  SUPPLEMENT. 


tO&,  Ci*HiK)  (Beilstein  a.  Kupffer,  LmU  Chem.  Ges,  Ber.  Ti.  1183  ; 
Wright,  Ckem.  Soc.Jour,  [2],zii.  1, 819).  This  substance,  isomerie  with  ordinary  camphor, 
is  the  essential  constituent  of  wormwood  oil,  in  which  it  is  associated  with  a  terpene, 
boUing  below  160^,  and  a  deep  bine  oil  which  boils  between  270^  and  800®,  and  agrees 
in  its  properties  with  the  blue  chamomile  oil  examined  by  Kachler  (itt  Suppl,  277). 
Abantholboilsatl95®(BeiUtdna.KnpfEer);  at  200.  ^Od"^ (Wright);  217^ (Gladstone). 
It  differs  essentially  from  camphor  in  its  chemical  reactions,  not  being  converted  into 
camphoric  acid  by  oxidation  with  nitric  acid,  or  into  camphocarbonic  acid  (lat  Suppl, 
385),  by  the  action  of  sodium  and  carbonic  anhydride,  and  yielding,  when  fused  with 
potash,  a  laige  quantity  of  resin,  but  no  acid.  Heated  with  pkot^hanu  penUuulpkide, 
it  yields  a  considerable  quantity  of  cymene,  C**H*^  identical  with  ordinary  cymene 
from,  camphor  or  from  cumin  oil  in  density  (0*8707  at  0®),  boiUn^  point,  175® 
(Beilstein  a.  Kupffer),  176®  (Wright),  and  the  properties  of  the  sulphomcacid  deriyed 
from  it.  Cymene  is  also  formed,  though  in  smaller  quantity,  together  with  water  and 
a  resinous  body,  by  treating  absinthol  with  zinc  chlcnride.  The  action  of  phosphorus 
pentasulphide on  absinthol  likewise  produces  thiocymene  orcymylsulphyarate, 
C"H"SH,  boiling  at  288®-240®  (Wright). 

For  the  optical  properties  of  absinthol,  see  2nd  Suppl,  p.  872. 

AO»T>TAMIlia,  CH'K'.  The  existence  of  this  base,  discoTered  by  Strecker, 
has  been  called  in  question  by  Tawildarow  {2nd  Suppl.  1).  An  analogous  base, 
C*Hi*N',  has  however  been  obtained,  together  with  tJuo-a-toluylamide,  C^H'S.NH', 
by  the  action  of  hydrogen  sulphide  on  benzyl  cyanide  (Bemthsen,  Deui,   Chem, 

Ges.  Ber,  yiii,  1319).    This  base  is  actually  xylenyl-amimide,  C*H'||^tt2,    ^ 

C*H^ — OH* — CJ^^ns  j^t  as  acediamine  itself  is  ethenyl-amimide,  C^'^mr^i 
(See  Xtlbttl  Compouxxni.) 

ACBWAFBTBaVB.      See  NAFRTHALBNB-DBBITAnTBS 


ACSTAA,  0»H»«0»  =  CH»— CH(OC»H»)».  On  the  action  of  this  body  on 
urethane,  see  Gabbamatis. 

Chloraeetale, — ^According  to  0.  Erey  (Jenaieche  Zeitschrift,  z.  84),  mono-,  di-, 
and  trichloncetal  are  best  obtained  by  treating  a  mixture  of  2  parts  of  absolute 
alcohol  and  2  purts  of  water  with  8  parts  sulphuric  acid  and  3  parts  of  manganese 
dioxide,  distilling  off  two-thirds  of  the  liquid,  and  treating  the  cooled  distillate  with 
chlorine  till  it  b^ns  to  be  turbid.  Monochlor-  and  dichlor-aoetal  are  colourless 
liquids  of  agreeable  odour,  boiling;  at  154®-159®  and  180®  respectively,  as  stated  by 
Pateni6.  Trichloracetal  crystallises  in  large  white  needles,  which  melt  at  83®  and 
begin  to  deeampose  at  190®. 

DieUoracetal  and  PhoapharuB  Pentachloride, — ^These  bodies  act  upon  each  other  in 
the  manner  indicated  by  the  equation — 

CHW.OH^gl  +  PC1»  -  0HC1«.CH^^^*  +  POQ*  +  O^HKJl. 

The  first  of  these  products  is  analogous  to  the  compound  of  aldehyde  and  ethyl 
chloride  wiuch  Wurtz  and  FrapolU  obtained  by  the  action  of  hydrogen  chloride  on 
anlAsp.  B 
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a  mixture  of  aldehyde  and  alcohol  (LUhi^$  Annalen,  cviii.  223).  It  is  intermediate 
between  dichloracetal  and  the  compound  C*HK)1*,  which  Patern6  obtained  bj  the 
action  of  phosphorus  pentachloride  on  dichloraldehyde  (1^  Suppl,  76). 

See  Aldbhtdb. 

I,  C«H«ONH«.  Action  of  Pa».— According  to  Henke  (Ann.  Ch, 
Pharm.  cvi.  273)  phosphorus  pentachloride  acts  on  acetamide  with  great  violence, 
producing  a  compound  of  acetonitril  with  phosphorus  trichloride.  Wallach,  on  the 
other  hand  {Deut.  Chcm.  Ges,  Ber,  viii.  304),  finas  that  this  is  not  the  case,  and  thinks 
that  Henke  must  have  worked  with  impure  materials.  The  pure  dry  compounds  act 
on  each  other  in  the  cold,  only  a  small  quantity  of  acetamiae  hydrochloride  being 
formed ;  if  the  reaction  takes  place  in  chloroform,  it  becomes  violent,  but  the  product 
is  the  same,  and  when  the  amide  and  pentachloride  are  heated  together  for  some  time, 
they  yield  acetonitril,  together  with  phosphorus  trichloride  and  ozychloride. 

Acetamide  heated  to  150^  in  a  sealed  tube  with  a-dinitrochlorobenzene 
(CI :  NO^ :  NO'  »  1:2:4),  magnesia  tuta  and  alcohol,  yields  ethyl  acetate, 
dinitraniline,  and  magnesium  chlonde,  probably  according  to  the  equation — 

2(CH«.C0NH«)  +   2(?'H«(N0«)»C1  +  2C»H»0H  +  MgO  = 
2(CH«.C0.0C«H»)  +  2C«H«(N0«)«NH«  -i-  MgCl«  +  H«0. 

The  decomposition  is,  however,  very  imperfect,  a  considerable  proportion  of  the 
dinitrochlorobenzene  remaining  unaltered  (Willgerodt,  DeuL  Chem,  Gcs.  Ber,  viii. 
1717). 

Trickloracetamide  and  phosphorus  pentachloride  heated  together  yield  the  compound 
CCPONP,  which  appears  to  have  the  constitution  of  hexchlorethidene-imidophosphenyl, 
Cd'.CCkiiN — ^POOl*,  and  to  be  formed  by  the  following  series  of  reactions : — 

(1).  CC1».C0.NH«  +  PC1»        »  P0C1»  +   Ca».CCl«.NH*. 
(2).  CG1».C01».NH«  +  POa»  -  HCl  +  CX3l».CCl«.NH.P0a«. 

(3).  cci».ca«.NH.poa«         =  HCI  +  CC1».CC1=N.P0C1«. 

This  compound  distils  at  2d5®-259^,  and  solidifies  at  70<^-80^  to  a  white  crystalline 
mass.  Its  vapours  violently  irritate  the  eyes  and  mucous  membranes.  It  is  a  veiy 
unstable  body,  which  cannot  be  kept  without  change.  Ita  decomposition  yields 
trichloracetonitril,  together  with  other  products  (Wallach). 

Monoohloracetamide,  NH'.CH'CJIO.  -According  to  P.  J.  Meyer  (Deut.  Chem. 
Ges.  Ber.  viii.  1163),  the  easiest  way  of  preparing  this  compound  is  to  pass  ammonia 
gas  into  cooled  ethyl  monochloracetate :  after  about  an  hour's  action,  the  whole  of  the 
liquid  solidifies  to  a  crystalline  cake,  while  the  alcohol  formed  at  the  same  time  contains 
but  a  small  quantity  oi  the  undecomposed  ether,  which  may  be  treated  in  the  same 
manner. 

One  mol.  chloracetamide  and  1  moL  aniline  cautiously  heated  together  till  the 
amide  fuses,  and  a  strong  reaction  of  hydrochloric  acid  becomes  perceptible,  yield 
phenylamidacetamide,  phenylamidoglycollamide,  or  phenylglycocin- 
amide,  GH^NflC*H') — OONH*,  which  crystallises  from  hot  water  in  microscopic 
needles  melting  at  133^ : — 

CHKJl  CH»(NHC»H») 

I  +  C«H*NH«  =  Ha  +     I 

CONH«  CONH« 

When  2  mols.  aniline  are  heated  with  1  mol.  chloracetamide,  the  action  begins  in 
the  same  manner  ;  but  the  aniline  hydrochloride  thereby  produced  acta  further  on  the 
phenylamidacetamide,  producing  phenylamidacetanilide,  phenylamidoglycoUanilide, 
or  phenylglycocinanilide : 

Cfl«NH(C«H*)  CH«NH(C«H») 

I  +  C»H»NH«.Ha  -  NH«.HC1  +     I 

OONH«  CONH(C«H») 

Toluidine  acts  on  chloracetamide  in  a  similar  manner,  forming  tolylamidoglycoll- 
araide,  or  tolylamidoglycollanilide,  according  to  the  proportions  used.    (See  Gltcoll- 

AMIDBS). 

BtliTlaoetamtda,  G<H*O.NH(C'H*).  This  body  treated  with  phosphorus  penta- 
chloride yields  the  hydrochloride  of  a  chlorinated  base,  which  forms  with  pUtinic 
chloride  a  salt  having  the  fotmula.(OH»»aN2jaCl)«.Pta«.  The  formation  of  this 
base  in  represented  by  the  following  equations : — 

CH»OO.NH.(?H*  +  pa*  =  CH«Ca».NH.C»H*  +   POa»; 
CH«Ca«.NH.C«H»  «  CH»Caz=NC»H»  +  Ha; 

2(CH«Ca)=NC»H»  -  OH»ClN«  +  Ha. 

l?Aitber  the  base  itself  nor  the  intermeiliate  products  have  as  yet  been  isolated. 
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)^lien  the  crade  product  of  tho  reaction  between  ethylacetamide  and  phonphoruB 
pentachloride  is  precipitated  with  potash,  and  the  precipitate  is  warmed  with  sob'd 
potash  a  riolent  reaction  takes  place,  potassium  chloride  separates,  and  a  now  base, 
C*H^  'N^,  is  produced  in  the  form  of  an  oilj  body,  miscible  with  water,  alcohol,  and  ether, 
and  strongly  basic,  its  aqueous  solution  precipitating  most  salts  and  dissolving  precipitated 

alumina.  This  compound  is  ethenyl'diethylammidef  ^^'^^^"VNH^H*  ^^®  ^"^  ethenyl- 
base  of  the  fiitty  series,  and  is  probably  formed  by  the  reaction  : 

(?H»aN«  +  2K0H  -  KCl  +  C»H»0*K  +  C«H>«N» 
(Wallach  a.  M.  Hofimann,  Dewt,  Ckem,  Ge»,  Ber,  yiii.  1567). 

PHenylaeatamlde  or  Aeetanlllda,  0*H*O.NH(C«H*).  This  com- 
pound heated  with  todvtmjphmuUe  yields  acetone,  diphenyl,  aniline,  and  a  small 
quantity  of  diphenylamine  (Weith,  Deut,  Chem,  Ges,  Ber.  vi.  966). 

Brakebusch  (InaumircU  distertoHon,  Gottingen,  1878)  states  that  acetanilide 
treated  with  hyorochlorio  add  is  conyerted  into  tolunitril.  According  to  0.  L. 
Jackson,  however  (Deut,  Ckem,  Gea,  Ber,  viii.  1170^,  this  is  not  the  case.  When  a 
solution  of  acetanilide  in  hydrochloric  acid  was  distilled  in  a  stream  of  hydrochloric 
acid  gas,  no  oily  distillate  was  obtained,  as  described  by  Brakebusch  ;  and  the  residue 
in  the  retort  consisted  only  of  aniline  hydrochloride.  When  the  liquid  was  distilled 
in  a  stream  of  aqueous  vapour,  acetic  acid  and  aniline  hydrochloride  were  obtained, 
without  a  trace  of  a  nitriL  Neither  was  any  nitril  produced  by  the  action  of  other  d&< 
hydrating  agents  on  acetanilide.  With  eino  chloride  the  compound  (CH^NH')'.ZnCl' 
was  formed,  which,  when  strongly  heated,  yielded  a  viscid  oil  containing  aniline, 
but  no  nitriL  With  calcium  chloride  similar  results  were  obtained.  Acetanilide 
heated  with  phoephoric  anhydride  was  for  the  most  part  carbonised. 

The  behaviour  of  acetanilide  with  dehydrating  agents  is  therefore  different  from 
that  of  fbrmanilide,  which,  as  shown  by  Hofi^nann  Cinn,  Ch,  Pharm,  clxii.  121),  is 
thereby  partially  converted  into  benxonitril.  This  difference  of  behaviour  is  quite  in 
accordance  with  the  difference  in  composition  of  the  two  bodies : 

/COH 
n]C«H»       -  H»0  +  C«H»CN 

Ih 

Vonnanilide. 


COCH» 

C«H»       -  HOCH"  +  C»H»CN 

AcefcaalUde. 


^|i 


Formanilide  splits  up  direcUv  into  water  and  benzonitril ;  similarly  acetanilide 
might  split  up  into  metliyl  aJoonol  and  benzo-  (not  tolu-)  nitril ;  if,  on  the  other 
hand,  it  were  actually  to  yield  water,  the  remainder  would  probably  be  a  body  having 

the  constitution  N^X— nm 

Acetanilide  heated  with  phoephontepentaehloride  is  converted  into  ethenyl- 

diphenyldiamjne,CWH**N»-N«|fC«H»)«  or  CH'.O^^^*^^*  (Lippmann, /?««/. 

Chem.  Gee,  Ber.  vii.  641). 

On  the  other  hand,  when  pure  and  dry  acetanilide  is  shaken  together  with  finely 
triturated  phosphorus  pentacnloride,  rise  of  temperature  being  prevented,  a  pale- 
yellow  liquid  is  formed,  which  on  stHuding  deposits  crystals  of  acetanilide- 
chloride: — 

cH«co.NH.c«H»  +  pa*  =-  cn«CCl*.NH.OH»  +  POCl*. 

This  product  is  very  unstable,  and  speedily  resolves  itself  into  hydrochloric  acid  and 
the  imido-chloride,  CH'CCl=N.CH*.  The  last  body  acts  violently  upon  aniline, 
forming  ethenyldiphenylamimide,  thus : — 

CH»CC1=NC"H»  +   NH«C«H»  -  CH«C^^.C«H*  "*"  ^^^• 

Acetanilide-chloride,  when  carefully  heated,  melts  below  50^  and  begins  to 
evolve  hydrochloric  acid ;  and  if  then  cooled  suddenly,  to  stop  further  decomposition, 
it  is  found  to  be  converted,  for  the  most  part,  into  the  hydrochloride  of  a  base  having 
tlie  formula  C**H**G1N',  and  crystallising  from  a  mixture  of  alcohol  and  ether  in 
ODall  colourless  prisms  melting  at  116^-117^.  This  base,  when  heated  above  its 
melting  point,  assumes  a  dark  colour,  and  at  140^-160°  a  violent  reaction  suddenly 
'  *^     place,  the  rwnlt  hang  that  it  ia  converted  into  the  hydrochloride  ot  a  newAia*^ 

m2 
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which  diflsolTos  in  water  and  is  thrown  down  in  an  amorphous  state  by  alkalis,  and 
forms  an  amorphous  double  salt  with  platinum  chloride.  The  formula  of  this 
body  has  not  been  satis&ctorily  determined;  but  the  numbers  obtained  by  analysis 
agree  approximately  with  the  formula  of  ethenyl-phenyl-diamine.  Its  formation  from 
acetanifide-chloride  may  be  represented  by  the  following  equations : — 

CH«.Ca*.NH.C«H»  -  HCl  +  CH».C01=NC«H» 
2Cra«ClN  =  HCl  +  C"H»»C1N« 

C"H>»C1N«  =  HCl  +  0"H"N« 

(Wallach  a.  Hoflftnann,  Deut.  Chem.  Ges.  Ber.  viii.  1667). 

Derivatives  of  Acetanilide, 

The  brominated  and  chlorinated  deriyatiyes  of  acetanilide  admit  of  metameric 
modifications,  according  as  the  replacement  of  the  hydrogen  by  the  halogen  element 
takes  place  in  the  phenyl-group  or  in  the  acetyl-group. 

Bromopli«iiylao6taiiildes  or  AoetobromanUldas  (Remmers,  DeiU.  Chem, 
Gee,  Ber.  vii.  346 ;  Komer,  G<ug,  cHm,  itai.  iv.  329).  In  these  bodies  the  bromine 
enters  into  the  phenyl-group. 

Manofrromopktnylacetamide  or  Acetanumobromauilide,  C«H«Br.NH(C*HK)).  ThiB 
compound  adxmts  of  three  isomeric  modifications,  ortho-,  meta-,  andpora-,  according 
to  the  relative  positions  of  the  bromine  and  the  residue  NH(C*H»0).    The  para 

Br 


NH(0»H»0) 


NHCCHH)) 


NH((7H«0) 


modification  is  j^pared :  1.  By  the  action  of  acetyl  chloride  on  parabromaniline, 
C*.Br.H.H.NH*.H'  (Komer).  2.  By  gradually  adding  the  theoretical  amount  of 
bromine  to  an  acetic  acid  solution  of  acetanilide  (Hemmers).  It  may  also  be  sepa- 
rated from  the  product  of  the  action  of  bromine  on  acetanilide,  suspended  in  a  large 
quantity  of  water  (which  also  contains  acetodibromanilide  and  tnbromaniline)  by 
pressing  the  resulting  white  powder,  and  dissolving  it  in  hot  alcohol,  the  solution  on 
cooling  depositing  large  crystals  of  nearly  pure  acetomonobromanilide,  while  other 
fractions  may  be  obtained  by  gradual  evaporation  of  the  mother-liquids.  The  whole 
may  be  purified  by  recrystallisation  from  alcohol,  the  pure  acetomonobromanilide 
crystallising  out  first  (0.  Ourcke,  Deut.  Chem,  Gee.  Ber.  viii.  1114). 

This  compound  ayBtaUises  in  large  many-&ced  prisms  having  a  vitreous  aspect, 
sometimes  p^ectly  transparent  and  colourless,  sometimes  partially  or  totally  opaque 
and  white,  with  a  nacreous  lustre.  It  is  moderately  soluble  in  absolute  alcohol,  and 
separates  therefrom  by  spontaneous  evaporation  in  unusually  fine  crystals.  It  is 
nearly  insoluble  in  cold  water,  very  slightly  soluble  in  boiling  water,  and  melts  at 
166*40  (KoruOT). 

Fuming  nitric  acid  converts  paracetobromanilide  into  a  nitrobromophenyl  aceta- 
mide,  G*H'Br(NO*).NH(C*H*OX  which  crystallises  in  long  sulphur-yellow  needles, 
meltmg  at  102^,  and  decomposed  by  soda,  with  formation  of  a  nitroparabromaniline, 
which  crystallises  in  yellow  needles  melting  at  112^.  Nitrobromophenylacetamide  is 
converted  by  tin  and  hydrochloric  add  into  the  hydrochloride  of  ethenyl-bromo- 

/(C«H»Br)' 
phenylene-diamine,  NUC^H*)"'     (Remmers). 

Ortho-aeetobromaniiide,  G*.Br.(NH.CH'0)H^,  prepared  by  the  action  of  acetyl 
chloride  on  orthobromaniline,  crystallises  in  fiat  needles,  4  or  6  centimeters  long, 
colourless,  transparent,  and  having  a  fine  satiny  lustre.  It  dissolves  in  alcohol  more 
easily  than  the  para-compound,  and  melts  at  99^  (Komer). 

Acetodibromanilide  or  IHbramophemylaoeiamide,  C"H*Br'.NHO'H*0,  is  formed  by 
boiling  dibromaniline  (m.p,  79*5^)  for  several  days  with  glacial  acetic  acid,  and  crys- 
tallises in  colourless  needles  or  plates  melting  at  146^.  By  nitration  it  yields 
nitrodibromophenylacetami'de,  C*H»Br^NO*).NHC*H'0,  which  crystallises  in 
slender  yellow  needles  melting  at  209^.  This  nitro-compound  is  decomposed  by  fixed 
*lV4lig^  with  elimination  of  ammonia  and  formation  of  dibromonitrophenol,  probably 
W  vntb  that  which  Komer  obtained  by  nitrating  dibiomopheuol^  aivi  Brundk 
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by  brominating  ordinary  nitrophenol.  Nitrodibromophenylaeetamide  heated  with 
ammonia  to  IdO^  in  sealed  tubes  is  oonyerted  into  nitrodibromaniline,  CH'Br^NO^.NH*, 
which  eiystalli^  in  golden-yellow  needles,  melting  at  123®,  rcMuiily  solnble  in  alcohol, 
bat  insoluble  in  water  (Bemmers). 

Acetotribromanilideor  TribromopheHi/laeetamide,C^E*B^,HK(C*B*0), 
is  formed  by  the  action  of  acetyl  chloride  on  tribromaniline,  and  oystaUises  in 
rhombohedrons  or  long  white  needles,  melting  at  232®  (Bemmers). 

Tribromophenyidiaeetamide,  C^*Br*J^(C*H*0)*  is  formed  by  heating 
tribromaniline  with  acetic  anhydride : 

C«H«Br».NH«  +  (C«H«0)«0  -  H«0  +  C*H«Br«.N(0«H»0)«. 

This  compound  eiystallises  in  long  slender  colourless  needles  or  rhombohedrons, 
somewhat  soluble  in  water,  easily  soluble  in  alcohol  or  ether.  It  melts  at  123®  and 
sublimes  unchanged  at  a  hif[her  temperature.  On  boiliog  it  with  a  solution  of  caustic 
soda,  one  aoetyl-group  is  ehminated  and  acetotribromanifide  is  produced  (Bemmers). 

NUrotribromophmylaeetamidf,  G*HBr*NO*.NH.G'H>0,  forms  yellow  needles 
sli^Uy  soluble  in  water,  easily  in  alcohoL  NitfittribroTniOphmyUdiaoetamide, 
0*^r'NO'.N(G*H'0)*,  is  very  similar  to  the  preceding  compound,  and  is  converted 
into  it  by  boiling  with  alkalis.  By  heating  either  of  these  two  nitro-compouuds  with 
aqueous  or  alcoholic  ammonia  in  sealed  tubes  to  180®-220®,  nitrotribromaniline, 
C*HBr'NO'J^H',  is  obtained  in  broad  lustrous  yellow  needles,  slightly  soluble  in 
alcohol,  melting  at  214®-215®,  and  capable  of  subfimation  (Bemmers). 

CJUoiinated    Vhanylaeataiiildaa*     Monochlorophenylaeetamide    or 

CH» 
Aeetochloranilide,  G*HK}LNH.C*H'0  or  i  ,  is  obtained  by  the  action 

0ONfl(C*fl^Cl) 

of  chlorine  on  a  odd  saturated  solution  of  acetanilide,  and  immediately  separates  from 
the  solution  in  ciystals,  which  may  be  purified  b^  washing  with  cold  water,  and  once 
reciystallising  from  boiling  water.  Distilled  with  potash  it  yields  monochloraniline 
similar  in  properties  to  that  which  is  obtained  by  the  action  of  potash  on  chlorisatin 
(Mills,  Pha.  Mag.  [4],  zlix.  21). 

Phenylmonochloracet amide  or  CMoraceianilide,  CIP.NH.G*HK}10,  or 
CHH31 

,  isomeric  with  the  preceding,  is  prepared  by  adding  aniline  in  small 

NHC*H» 
quantities  to  chloracetyl  chloride  in  a  cooled  yessel,  the  change  consisting  in  the  re- 
placement of  an  atom  of  hydrogen  in  aniline  by  the  group  C^KSIO  (Tommasi,  Compt, 
rmd,  IxxYi.  885 ;  Chenu  8oo.  Jour.  [2],  zl.  911).  P.  J.  Mej^er  (Deut,  Chem.  Ges.  Ber. 
▼iii.  1163)  dissolves  the  aniline  and  the  chloracetyl  chloride  in  ether  before  mixing 
them,  and  keeps  the  mixture  at  a  veiy  low  temperature. 

Chloracetanilide  crystallises  from  water  in  needles,  and  from  alcohol  in  plates. 
It  melts  at  97®»  sublimes  at  a  higher  temperature,  dissolves  freely  in  ether  and  acetic 
acid,  easily  also  on  warming  in  hydrochloric  and  sulphuric  acids.  Nitric  acid  converts 
it  into  a  nitro  compound  (Tommasi).  According  to  Meyer,  it  eiystallises  in  slender 
microscopic  needles,  having  a  silvery  lustre  and  unctuous  feel,  melting  at  134*5®,  and 
subliming  without  decomposition,  emitting  at  the  same  time,  and  likewise  when 
boiled  with  water,  an  odour  which  strongly  irritates  the  mucous  membranes ;  its 
solution  burns  the  skin  violently.  It  dissolves  easily  in  alcohol,  ether,  and  hot  water, 
sparingly  in  cold  water. 

Action  of  Ammonia. — The  mode  of  action  of  ammonia  on  chloracetanilide,  as 
described  by  Tommasi  and  by  Me^er,  appears  to  differ  according  to  the  temperature 
and  the  strength  of  the  ammomacal  solution  employed.*  According  to  Tommasi, 
chloracetanilide  digested  at  30-40®  with  a  saturated  solution  of  ammonia  gas  in 
dilute  alcohol  is  converted  into  phenyl-hydroxylacetamide  or  hydrox- 
acetanilide,  C«H»NO«:- 

CHK)1  CHK)H 

I  +  NH*(OH)  =  NH*C1  +       I 

(X)NH(C«H»)  CONH(C«H») 

According  to  Meyer,  on  the  other  hand,  chloracetanilide  digested  with  moderately 
concentrated  alcoholic  ammonia  in  a  sealed  tube  at  the  heat  of  the  water-bath,  for 

*  The  wide  difference  between  the  Btatements  of  theee  two  chemlste  as  to  the  melting  point  of 
oblonoetanilide,  induces,  however,  a  Biupidon  that  one  or  the  other  must  have  been  dealing  with  an 
impoxe  prodoc^. 


CO] 
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several  hours,  is  converted  into  phenjriamidoglycollamide,  C**U"NK)*,  formed  by  the 
reaction : 

NHO«H»— C00HK51 »     ^  ^^3        «„p,   ^  i^/CH*— CO-NHC«H» 

2  mol8.  chloraoetanilide.  Fhenylamidodigl  jooUamide. 

In  the  one  case  an  atom  of  chlorine  in  the  group  CH*C1  is  replaced  by  OH ;  in 
the  other  the  two  atoms  of  chlorine  in  two  such  groups  are  replac^  by  imidogen  NH, 
which  then  unites  the  two  groups  NH(C*H*).CO.CH'. 

Chloracetanilide  boiled  with  a  slight  excess  of  aniline  is  converted  into  phenyl- 
amidoglycoUanilide;  according  to  the  equation: 

-  CH«C1  CH«JJH(0^») 

I  +  C*H».NH«  =  Ha  +       I 

CONH(0«H»)  CO.NH(C*H») 

With  toluidine  in  like  manner   the  product  is  tolylamidoglycoUotoluide, 
CH«.NH(C'H')— CO.NH(CH0.    See  Gltcollamides. 

Diohloropkent/lasetamideoTAoetodiehloranilide,(j^'HHjlKS'E,CB*Of  or 
CH« 

i,  is  formed,  together  with  acetomonochloranilide,  by  the  action  of 
O.NH.0*H«a« 
hypocblorous  acid  (solution  of  bleaching  powder  acidulated  with  acetic  acid)  on 
acetanilide.  With  this  reagent  chlorination  takes  place  instantly,  but  the  mono- 
chlorinated  compound  first  formed  is  not  further  attacked  as  long  as  any  free 
acetanilide  remains.  Either  the  mono-  or  the  dl-chlorinated  compound  may  be 
obtained  pure  by  the  use  of  measured  quantities  of  hypocblorous  acid. 

When  an  excess  of  hypocblorous  acid  is  used,  the  product  obtained  is  not 
acetodichloranilide,  but  a  compound  of  that  body  with  a  molecule  of  hypocblorous 
acid,  C«HHn*.NH.C2H*0-i-H0Cl.  This  compound  is  a  thick  heavy  oil,  of  peculiar 
apricot  colour,  highly  refractive,  smelling  famtly  of  chlorine,  and  having  a  disagree- 
able taste.  Its  density  is  1*3893,  water  at  20^  being  1.  When  quite  dry  it  is 
moderately  stable,  but  in  the  moist  state  or  in  contact  with  other  bodies  of  most 
diverse  character,  it  separates  into  its  constituents.  It  is  but  sparingly  soluble  in  water ; 
when  boiled  therewith  it  is  volatilised  and  decomposed.  It  is  decomposed  by  alkalis. 
Ammonia  acts  violently  upon  it  even  in  the  cold,  nitrogen  being  set  free.  Mineral 
acids  attack  it  with  violence.  Strong  sulphuric  acid  liberates  a  gas  smelling  of 
chlorine  monoxide.  Strong  nitric  and  hydrochloric  adds  evolve  torrents  of  chlorine. 
It  is  decomposed  also  by  alcohol  and  ether ;  a  solution  of  it  in  the  latter  liquid,  when 
exposed  to  diffused  lignt,  gradually  deposits  crystals  of  dichloracetanUide,  the  ether 
at  the  same  time  acquiring  a  chlorous  odour. 

In  the  decompositions  of  the  oily  body,  the  end-product  is  always  acetodichlor- 
anilide.  Conversely,  the  oily  body  is  formed  when  acetodichloranilide  is  treated  with 
solution  of  bleaching  powder. 

The  oil,  in  virtue  of  its  property  of  giving  up  hypocblorous  acid,  has  a  certain 
value  as  a  reagent.  With  aromatic  amines  it  gives  a  series  of  colours  analogous  to 
those  produced  by  bleaching  Dowder,  but  much  more  intense  and  lasting.  The 
colouring  matters  thus  produced  have  however  no  affinity  for  animal  fibres ;  silk  im- 
mersed in  them  remains  perfectly  white. 

When  chlorine  is  passed  into  acetanilide  as  long  as  it  is  absorbed,  the  product  is 
a  thick  yellow  oil,  which  is  usually  regarded  as  acetodichloranilide  contaminiuted 
with  oily  products  (chlorinated  phenols).  This  oil,  when  treated  with  alcohol,  yields 
large  quantities  of  nearly  pure  acetodichloranilide,  and  it  is  violently  attacked  by 
potash-ley,  likewise  with  formation  of  dichloraeetanilide.  It  is  most  probably  a 
compound  of  acetodichloranilide  with  one  molecule  of  chlorine,  analogous  to  the 
hypocblorous  acid  compound  above  described.  A  similar  bodv  is  formed  when 
acetanilide  is  treated  with  excess  of  bromine;  moreover,  bromme  dissolves  large 
quantities  of  acetodichloranilide  with  extraordinary  facili^,  forming  a  thick  brown 
oil  (0.  N.  Witt,  Deut.  Chem.  Ges.  Ber.  viii.  1226). 

Phenyl-trichloraeetamide,  G*H*.NH.C*G1'0  (Tommasi  a.  Meldola,  Chem, 
80c.  Jour,  [2],  xii.  316). — This  compound  is  prepared  by  gradually  pouring  rectified 
aniline  into  an  excess  of  trichloracet^l  chloride,  C^l'O.Cl,  heating  the  mixture,  after 
the  first  reaction  is  over,  then  leaving  it  to  cool,  washing  the  ]^a6ulting  solid  mass 
with  water,  then  dissolving  it  in  hot  alcohol,  with  addition  of  animal  diarcoal,  and 
filtering.  The  filtrate,  on  cooling,  deposits  the  amide  in  lustrous  crystalline  plates, 
appearing  rhomboidal  under  the  microscope.  It  is  nearly  inodorous,  and  has  a 
slightly  bitter  taste,  melts  at  94^,  and  solidifies  again  at  83°.  It  dissolves  readily  in 
^"^  sulphuric  add,  and  decomposes  without  blackbning  when  the  solution  is  heated. 
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It  18  soluble  also  in  benzene  imd  turpentine  oil,  and  extremely  soluble  in  carbon 
sulphide*  chloroform,  and  ether.  Bj  boiling  with  caustic  soda  it  is  decomposed,  with 
production  of  a  basic  substance  having  a  yeiy  pungent  odour.  The  same  decomposi- 
tion appears  to  take  place  when  the  amide  is  heated  in  a  sealed  tube  with  alcoholic 
ammonia,  or  boiled  with  water. 

IHnUrophMyUtnehloraeeiamide,  C«H*(N0>).NH.C*C1H),  is  produced  hy  heating 
phenyl-tricnloncetamide  with  excess  of  filming  nitric  acid.  The  amide  at  first  dis- 
solves, the  solution  then  becomes  suddenly  hot,  and  nitrous  fumes  are  copiously 
evolved.  The  reaction  is  completed  by  heating  on  a  sand-bath,  and  the  solution  then 
poured  into  cold  water.  A  heavy  oil  separates,  and  sinks  to  the  bottom,  remainins 
for  some  time  in  a  semi-fluid  state,  but  ultimately  solidifying  to  an  orange-coloured 
mass,  which  is  dissolved  in  hot  alcohol,  and  filtercKi.  The  filtrate  on  cooling  deposits 
dinitrophenyl-trichloracetamide  in  tufts  of  yellow  needles. 

This  compound  melts  at  118^,  and  remains  in  a  viscid  state  at  the  ordinary  tem- 
perature of  the  air  for  some  time  after  ftision.  It  does  not  explode  on  heating.  It 
dissolves  to  a  slight  extent  in  boiling  water,  giving  a  solution  of  yellow  colour  and 
slightly  acid  reaction.  Senzene,  chloroform,  and  jsther  dissolve  it  readily,  oil  of  tur- 
pentine less  readily.  It  is  easily  soluble  in  cold  caustic  soda-solution,  a  yellow  liquid 
being  produced,  ttom  which  adas  reprecipitate  the  amide  unaltered.  On  boiling  the 
solution,  however,  it  assumes  a  fine  red  colour,  gives  off  an  odour  like  that  of  nitro- 
benzene, and  deposits  a  yellow  substance  on  cooling  (Tommasi  a.  Meldola). 

VHenyl^-lijdrosylaeetaiiilde,  G*H*NO'  »  OH^.NH.CH'CH  0)0  (Tommasi, 
Chenh,  Soc.  Jour,  [21,  xii.  623).  This  compound,  derived  from  phenyl-chloracetamide 
by  substitution  of  HO  for  Gl,  is  prepared  by  heating  phenyl-chloracetamide  (p.  6) 
in  a  long-necked  fiask  fitted  with  a  long  narrow  condensing  tube,  and  standing 
in  a  water-bath,  with  dilute  alcohol  (of  30^-40^  B.)  saturated  with  ammonia  gas  at  a 
temperature  of  40^-60^.  After  some  time  a  crust  of  sal-ammoniac  forms  on  t£e  sides 
of  the  flask,  and  goes  on  increasing  for  about  twenty-foar  hours.  The  flask  is  then 
removed  from  the  water-bath,  and  placed  in  a  freezing  mixture  till  the  greater  part 
of  the  remaining  sal-ammoniac  has  crystallised  out,  and  the  filtered  liquid  is  mixed 
with  a  large  quantity  of  cold  water,  which  separates  a  very  viscid  slightly  yellowish 
liquid.  This  liquid  is  to  be  washed  with  water  till  all  the  sal-ammoniao  is  removed 
from  it,  then  with  aqueous,  and  finally  with  absolute  alcohol ;  and  the  purified  pro- 
duct heated  for  several  hours  in  a  water-bath,  whereby  a  thick  liquid  is  obtained, 
which  solidifies  in  cooling  to  a  slightly  yellowish,  easily  friable  mass,  somewhat  re- 
sembling colophony. 

This  substance  dried  at  100^  gave  by  analysis  numbers  agreeing  with  the  formula 
C"H"NO»  or  C*H»NO*  +  HK).  The  molecule  of  water  cannot  be  removed  without 
partial  decomposition  of  the  compound. 

Phenyl-hvdroxylacetamide  begins  to  melt  at  65^  and  becomes  perfectly  liquid  at 
115°.  It  is  insoluble  in  cold  water,  and  decomposed  by  boiling  water,  also  by  potash, 
soda,  and  baryta,  with  separation  of  a  slightly  alkaline  oily  liquid  which  exhibits  the 
pr«>pertiee  of  aniline.  It  is  insoluble  in  ether,  slightly  soluble  in  alcohol ;  insoluble  in 
iiydrochloric  acid,  even  at  the  boiling  heat,  also  in  cold  sulphuric  acid  ;  but  dissolves 
in  hot  sulphuric  acid,  forming  a  brown  solution,  which  gives  no  turbidity  with  water 
or  with  aqueous  ammonia.  It  is  attacked  by  hot  nitric  acid  with  evolution  of  red 
fumes,  and  the  solution  mixed  with  water  dep^^sits  a  copious  light  yellow  preci- 
pitate. 

Phenyl-hydroxylacetamide  is  isomeric  with  phenyl -glyoocine,  the  structural  for- 
mulse  of  these  two  compounds  being : 

CHH)H  CH*.NH(C*fi») 

I  I 

CO.NH(C«H»)  CO.OH 

benyl-hydrozylAoetamide.  Fhenyl-glyoodne. 

Tolylao«tamid«  or  Aoetolnida,  C*HXCH*).NU(C>H>0).  The  para- 
modification  of  this  compound,  oxidised  with  potassium  permanganate,  yields  an  ace  ta- 
rn idoben  zoic  acid,  0'H\NH.C^H'0).C0.0H,  which  crystallises  in  needles,  sparingly 


Tolyl-elUoraoetamtde  or  Obloraeetoliiide,  C"H>*CIN0  «  CHKJl— 
C0NH(C«H«CH"),  (Meyer,  Deut.  Chem,  Ges,  Ber.  viii.  1164;  Tommasi,  C^«. 
iS^.  Joitr,  [2],  xi.  911;  xii.  628).  This  compound,  called  by  Tommasi,  Benzyl- 
ehlaraeetamide  and  Cretylcldoracettnnide,  is  prepared,  like  the  corresponding  anilide, 
bj  thr  action  of  chloracetyl  chloride  on  an  ethereal  solution  of  solid  toluidine.    The 


I 


I 
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ethfiF  u  evaporated,  the  cesidue  repeatedly  boiled  with  alcohcl.  end  tho  eolutiaa 
mixed  trith  wat«r,  which  preeipitateB  the  cbloTiicetolaide  in  large  platea  (Mejrr). 
Tommou  prepnres  it  by  adding  loluidim^  in  amall  gunatitjes  to  uhlococetyl  chloride 
ID  a  Moled  reasel, 

ChtoiacelAlnide  crjstallisoB  from  a  very  dilute  boiling  alcoholic  Bolation  in  white 
needloB,  molting  at  ISl-o"  (Meyer),  at  162°  (Tommaii).  It  aublimes  without  decom- 
position— Ht  110°  (TommaHi) — and  does  not  exhibit  the  onpleasant  tliaractera  of  the 
Hnitide.  It  dissolroe  in  alcohol  and  ether,  easily  when  hot,  spoiiugly  when  cold ;  in 
water  it  diaBolves  bnt  slightly,  OTen  at  the  boiling  heat  (Meyer),  It  diseolree  iu  hot 
mUpburio  and  acetic  acids,  but  not  in  hydroclilorio  acid.  With  nitric  acid  it  appesra 
to  form  a  mtro-derivaliTS  (Tommaei), 

With  BBunonio.  aniline,  and  toluidine,  chtoracatoluide  reacts  like  chloiacetanilide. 
Witb  akoholk  aiunumia  it  forms,  according  to  Tommasi,  tolyl-hvilroxylaea- 
tamide,  CH'(OH)-CONH(C'H') ;  according  to  Meyer,  tolylamidodiglycoll- 
amide,  NH<gg;r^gZNH(C^Sl{.  With«.7i«.it  forme  tolyUmidoglycoll- 
■nUide,  CH'.NH{CH'}-CO.NH(CH>).  end  with  lolHidine.  toljlamidoglycoll- 
tolnidide,  CH'.NH(CH')-CONH(CH')  (Meyer).  See  Glicoli^idbs, 
CH'OH 

Talrl-hTdroxT-laoetamlde,   C'H"NO'  -     I  ,  a   prepared,   tike 

CO.NH(O'H') 
the  corresponding  phenyl -componnd.  by  the  oclion  of  alcoholic  ammonia  on  chlot- 
auetoluide.  When  dried  nt  12(J°.  it  gate  by  analysis  (mean)  5fl'21  p.  c.  carboa,  I'H 
hydrogsB,  and  7-lS  nitrogen,  agreeing  with  the  formula  2C*H"N0'  +  3H*0.  The 
anhydrous  compound  has  never  been  oblained.  The  hydrate  is  solid  at  ordinary  tem- 
pemtorea,  begins  to  melt  at  70°,  but  becomes  perfectly  fluid  only  at  130°.  It  is  in- 
soluble in  cold  water,  but  dissolves  partially  in  boiling  water,  with  BepuratioQ  of  a 
small  qaoDtity  of  a  white  mibetAnee,  having  a  greasy  aspect,  a  slight  alkaline  reaction, 
and  the  emell  of  toluidiiie.  This  decomposition  is  much  more  easily  e&ected  by  solution 
of  caustic  polash,  soda,  or  baryta  ;  tolyl-hydroiylacetamiJe  is  slowly  attacked  by  cold, 
quickly  by  warm  nitric  acid,  with  forraatianof  a  compound  which  does  not  dissolve  in 
water.  It  is  insoluble  in  hydrochloric  acid,  even  concentrated  and  boiling.  It  diaaolvea 
sparingly  in  cold.  Bomowhat  more  freely  in  hot  sulphuric  acid,  without  blackening 
(TammasI). 

X7lTlBo«t*iiild«  or  Aoetozjllde,  CH'.NII.C'H'O,  or 
CH'(CH')',SH.CH"0.  When  the  modification  of  this  compound  which  malts  at 
127»_128°  is  mixed  in  hot  nquMus  solution  witb  a  coDContrated  solution  of  potassium 
permanganate,  a  product  is  formed,  which  appears  to  be  a  mixture  of  two  acids,  one  of 
which — easily  isobttiiil,  as  it  forme  an  insnlnble copper  salt — is  acotamido-phthalic 
acid,  CH'(0O'H)'NH(CH'O),  (Hoffiaaan,  Devt.  Chem.  Get.  Bet.  ii.  12B9). 

MapbtbT-laoetBiDlde,  G^H'.NH.CH'O  (Tommasi.  Compt.  rend.  Ixzvi, 
1267).  Formed  liy  tie  action  o(  acetyl  chloride,  acetic  anhydride,  or  better,  glaeial 
acetic  ncid.  on  naphthylamino.  CrystnUisea  in  white  eilky  needles,  melting  at  151°, 
enbljioing  at  160°.  slightly  soluble  in  boiling  water,  readily  iu  alcohol  and  in  dilute 
adds.  With  nitric  acid  it  yields  a  mixture  of  nilro- compounds  which  have  not  yet  ' 
been  examined. 

Haphthyl-cldoracttamidt.  C"H'.NH.(?H"CIO,  prepared  by  the  action  of  chloracetyl 
chloride  nn  naphthylaniine,  cryslallises  in  colonrless  silky  neodlea,  which  melt  at  161", 
and  are  soluble  >□  alcohol  and  in  acetic  acid  (Tomman). 

AGVrwam.-V,T3nXMlt,  or  PAmul-aeelyUtu.  C*H<  ^  CH(C<H')  - 
C"H' — (^CH.  This  hydrocarbon,  prepared  by  dry  distillotion  of  the  barium  salt 
of  phenyl-propiolicacid  (ls(  BuppC.  a),iH  reconverted  into  that  acid  by  the  joint  action 
of  oodium  and  carbonic  anhydride: 

C"H*— t^CH   +   Na  -h   00'  =  C'H'— C^C -COONa   +   H. 
The  phenyl-propienic  acid  thus  produced  melts  at  IBS^-IS?",  and  is  identical  with 
that  which  Glaaer  obtained  from  ciunamic  acid  (Patomo,  Giutelta  chimica  italiana, 
ii,  56S). 

ACSTXC  ACXS,  Fomialion  and  Prsjmr'iftaii.^This  acid  conetitntos  the  lower- 
boiling  portion  (below  135°)  of  the  crude  fermentation  butyric  acid,  obtained  by  leav- 
ing a  mixture  of  malt,  niilk,  chalk,  and  minced  meat  to  stand  for  several  weeks 
(Qlillone.  2nd  Siippl.  227}.  According  to  B&cbamp  {Gniipt.  rend.  Ixxvi,  836)  it  is 
normally  present  in  milk,  together  with  alcohol,  as  a  prodnct  of  the  action  of  microiymcs, 

la  prepanog  glacial  naetic  adi  by  distilling  acetic  acid  witb  strong  sulphuric  acid, 
Krma  tathom  recommend  tho  ow  of  1    equivalont  (.\  mo\.^  li^drogan  »\iiv'ti^ta  Vi 
r.  godiara  acetattv  nhereBS  others  reconimend twice  l\iat  ^nj^ortum  oSV^^tog^ft 
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(1).  C«lPO«Na  +   *SO«H«  -   JSO<Na«  +  C«H*0«. 
(2).  C«H«0«Na  +    SO«H«    -  SO^NaH  +  CR*0\ 

(See  Gmelin*8  Handbook^  viii.  287.) 

According  to  F.  Mohr  (N.  Rep,  Pharm.  xz.  28)  the  smaller  proportion  of  acid, 
that  is  to  say  4-4|fpts.  strong  sulphuric  acid  to  12  pts.  dry  sodium  acetate,  is  sufficient 
for  the  purpose.  Hager,  on  the  other  hand,  maintains  that  to  ensure  Uie  complete 
separation  of  the  acetic  acid,  without  decomposition  or  formation  of  sulphurous  acid, 
double  that  quantity  of  sulphuric  acid  must  be  employed.  B.  Hincn  {N.  Jahrb, 
Pkarm.  xlix.  270)  recommends  as  the  best  proportions,  10  pts.  by  weight  of  crystallised 
sodium  acetate,  4  pts.  of  strong  sulphuric  acid,  and  (3*9  pts.  ■>  1  equiv.)  previously 
diluted  with  2  pts.  water,  that  is  to  say,  he  considers  1  eq.  or  4  mol.  sulphuric  acid 
sufficient  to  expel  the  acetic  acid  from  1  mol.  sodium  acetate.  The  dilution  of  the  sul- 
phuric acid  witn  half  its  weight  of  water  is  found,  however,  to  yield  much  better  results 
than  the  use  of  the  undiluted  acid.  An  increase  of  the  quantity  of  sulphuric  acid  to  I4 
or  l^equiy.  does  neither  good  nor  harm  if  the  acid  be  diluted  with  water  as  just  stated ; 
if,  however,  the  acid  is  to  be  used  without  dilution,  it  is  better  to  use  a  larger  quantity, 
in  order  to  avoid  the  high  temperature  -and  consequent  liability  to  decomposition 
attending  the  use  of  the  smaller  proportion. 

Solidifying  Temperatures  of  Aqueous  Acetio  Aoid, — Grimaux  (Compt  rend,  Ixxvi. 
486)  has  determined  the  crystallising  points  of  mixtures  of  glacial  acetic  acid  and  water, 
with  results  differing  considerably  from  those  of  Kiidorff  (2n(2  Suppl.  5).  The  numbers 
in  the  first  and  second  columns  of  the  following  table  indicate  the  proportionB  of 
glacial  acetic  acid  and  water  by  weight. 


Water. 

Acetic  add. 

Temp,  obaerved, 
mean. 

Water. 

Acetio  add. 

TMnp.  observed, 

7-31 
13-26 
23-52 
81-18 
33*56 
38-14 
44-50 

92-69 
86-76 
76-48 
68-82 
66-44 
61-86 
55-50 

+      5-40 
-     1*4 
11-7 
19-0 
20-5 
24*1 
22-3 

49-38 
56-54 
61-68 
69*23 
76-23 
79-22 
81-89 

50-62 
43-46 
S8-22 
30-77 
28-77 
20*78 
18-11 

-   19-8** 

16-4 

14-5 

10*9 

8*2 

72 

6-3 

From  this  table  it  would  appear  that  the  lowest  freezing  temperature  (—24-1^) 
answers  to  a  mixture  containing  37  or  38  per  cent,  water,  that  is  to  an  acid  represented 
by  the  formula  CH*0*.2H*0.  According  to  Kiidorfi;  on  the  other  hand,  the  lowest 
freezing  temperature  of  the  aqueous  acid  is  +  0'2^,  and  answers  to  a  mixture  con- 
taining 13*04  per  cent,  water. 

Esiimaiion  and  Separation, — In  the  volumetric  estimation  of  acetic  add  and  its 
salts  in  presence  of  mineral  acids,  G-.  Witz  {Din^l.  polyt,  J,  ocxiv.  312)  recommends 
the  use  of  methyhiniline-violet  as  a  colour-test  in  place  of  litmus,  because  it  is  not 
affected  l^  acetic  acid.  Mineral  acids,  even  in  very  small  quantity,  change  the  violet 
to  a  bluisn  green.  The  violet  will  therefore  show  at  once  whether  a  sample  of  vinegar, 
for  example,  contains  even  a  trace  of  mineral  acid ;  and  the  amount  both  of  the 
mineral  acid  and  of  the  acetic  acid  may  be  determined  by  means  of  a  standard  soda- 
solution.  In  presence  of  litmus  the  point  of  neutralisation  gives  the  total  acid  present ; 
in  presence  of  methylaniline- violet  it  gives  the  amount  of  mineral  acid,  and  the  quantity 
of  acetic  acid  may  be  determined  by  difference.  With  this  test  also  the  acetic  add  in 
acetates  may  be  readily  estimated  by  means  of  a  standard  mineral  add  solution,  the 
change  of  colour  in  the  violet  not  taking  place  till  the  basic  constituent  is  neutralised 
and  a  slight  excess  of  mineral  acid  is  left  free.  Free  acetic  acid,  if  present,  may  be 
easily  estimated  in  the  usual  manner  by  means  of  litmus ;  solutions  containing  only 
jAx  part  of  sodium  acetate  are  rather  beyond  the  limits  of  this  method ;  but  it  is 
sufSciently  accurate  with  solutions  containing  ^Jg  of  that  salt,  and  in  a  case  of  greater 
concentration  is  quite  satis&ctory. 

In  estimating  the  acetic  acid  in  lead  acetate  by  this  method,  it  is  best  to  precipitate 
the  lead  with  sodium  sulphate,  as  its  presence  in  the  solution  interferes  witn  the 
delicacy  of  the  reaction.  It  is  not  necessary  to  filter  the  liquid,  but  a  little  more  of 
the  violet  must  be  added  than  would  otherwise  be  needed. 

For  the  separation  of  acetic  from  propionic  acid  by  conversion  into  lead  salts,  see 
%nd  Swppl,  1010. 

Aftatsa/ I?uplacemeHt  0/  Acetic  and  Formic  Adds, — When  a  mixture  of  ai^W^  wA. 
aodium  formate  la  distilled,  a  very  contiderable  quantity  of  formic  acid  »  ioimd  m  >i3k» 
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distillate,  but  eren  with  a  large  exceea  of  acetic  acid  complete  decomposition  of  the 
formate  was  never  obtained. 

Most  of  the  formates  which  are  soluble  in  acetic  acid  are  decomposible  in  like 
manner,  some  indeed  without  even  the  application  of  heat ;  thus,  potassium  formate 
dissolres  in  acetic  acid,  and  if  allowed  to  evaporate  spontaneously,  gives  a  residue 
consisting  mainly  of  potassium  acetate.  There  would  appear,  ther^ore,  to  be  an 
equilibrium  established  between  the  quantity  of  formic  acid  set  at  liberty,  and  of  acetate 
produced. 

When  one  part  of  sodium  formate  is  dissolved  with  heat  in  five  parts  of  mono- 
hydrated  acetic  acid,  crystals  are  obtained  on  cooling,  which  have  the  composition 
NaCWB[«0«.20«H*0«+NaCHO«.20H«0«  (Lescceur,  Bull  Soc.  Chim.  [2],  xxiii.  269). 

Molecular  Compound  of  Acetic  Acid  with  Bromine  and  Hydrobromie 
Acid. — ^l^e  mixture  of  bromine,  acetic  acid,  and  h}rdrobromic  acid  formed  in  the  pre- 
paration of  bromacetie  add  was  observed  by  Steiner  {Deut,  Chem.  Ges,  Ber,  vii.  184) 
to  solidify  at  a  low  temperature  to  a  mass  of  crystals  having  the  composition 
(C>H*0^*.Br'.HBr.  The  same  compound  may  also  be  readily  formed  by  sacuratinff 
acetic  add  with  hydrobromie  and  dry  hydrogen  bromide,  then  cooling  the  liquid  and 
adding  bromine.  The  crystals,  after  draining  on  a  porous  tile,  melt,  with  decomposi- 
tion, at  8^.  They  are  also  decomposed  by  water,  and  yield  bromacetie  add  when 
heated  in  sealed  tubes. 

Metalllo  Acetates*  Ammonium  Acetate, — Oommerdal  ammonium  acetate 
is  an  add  salt,  and  if  it  has  been  prepared  by  heat  it  also  contains  acetamide.  It 
may  be  obtained  pure  by  evaporating  the  solution  of  the  commerdal  salt  with  an 
excess  of  ammonia,  completing  the  evaporation  at  a  low  temperature.  It  must  then 
be  left  to  cool  in  ammonia  gas,  broken  up,  and  left  for  several  months  under  a  bell-jar 
filled  with  ammonia  gas.  The  salt  thus  prepared  has  no  add  reaction ;  it  crystallises 
in  long  needles  resembling  potassium  nitrate,  and  dissolving  in  water  with  rise  of 
temperature.  In  this  respect  it  resembles  the  acetates  of  potassium  and  sodium, 
which  mav  also  be  obtained  anhydrous  by  drying  them  at  the  ordinary  temperature, 
and  likewise  evolve  heat  in  dissolving  (Berthelot,  BuU,  8oc.  Chim,  [2],  xxii.  440). 

When  commerdal  ammonium  acetate  is  dissolved  in  its  own  weight  of  crystal- 
lisable  acetic  add,  an  acid  ammonium  acetate  is  obtained  which  crystallises  in  long 
brilliant  needles,  having  the  composition  3G<H«0^2(NH^C*H*0*).H*0  (Berthelot, 
ibid.  xxiv.  107). 

Sodium  Acetate. — HeiBch&VLeT  (Chem.  Cent.  1860,  875)  found  that  crystallised 
sodium  acetate,  CH'NaO*+6H*0,  loses  the  whole  of  its  water  in  a  vacuum  at  the 
ordinary  temperature,  and  that  in  this  state  it  may  be  fused  without  sensible  loss  of 
weight.  The  fused  salt,  if  exposed  to  a  damp  atmosphere,  quickly  takes  up  about  1 4 
mols.  of  water,  forming  a  supersaturated  solution  ;  whereas  the  unftised  salt  takes  up 
from  the  air  only  the  original  6  mols.  water,  without  any  essential  alteration  ot 
appearance  The  supersaturated  solution,  if  quickly  brought  in  contact  with  hard 
bodies,  solidifies,  with  great  rise  of  temperature,  to  a  moist  crystalline  mass,  which  on 
simple  desiccation  gives  up  only  the  quantity  of  water  (8  mols.)  which  is  in  excess  of 
the  6  mols.  of  the  ordinary  ciystallis^  salt  stable  at  ordinary  temperatures. 

The  thermic  relations  accompanying  these  changes  have  been  investigated  by 
Berthelot  {Bull.  8oc.  Chim.  [2],  xxi.  60),  with  the  following  results : — 

Heat  evolved. 

(1)  Vacuum-dried  salt  dissolved  in  50  parts  of  water 

at  7° +4-08kil.-degrees 

(2)  Fused  dried  salt  dissolved  in  50  parts  of  water 

at  7®         . +4-23 

Heat  evolved  by  action  of  hydrochloric  acid  (1  cen- 
tigram to  2  litres)  on  solution  (1)      .        .        .     +0*85         „ 

Heat  evolved  by  action  of  hydrochloric  acid  (1  cen- 
tigram to  2  litres)  on  solution  (2)      .        .        .     +  0*85         „ 

Heat  evolved  by  action  of  hydrochloric  add  (1  cen- 
tigram to  2  litres)  on  solution  of  hexhydrated 
salt +0*85         „ 

Potassium  acetate  likewise  gives  off  all  its  water  in  a  vacuum. 

The  vacuum-dried  salt  dissolved  in  water  evolves        .     +  3*27  kil. -degrees 
The  fused  salt +3*21  „ 

From  these  results  it  appears  that  the  anhydrous  acetates  of  the  alkali-metals  are 
t/ie  same,  in  whatever  way  the  dehydration  may  have  Ijeeu.  effed^i  \  «A«i  thait  the 
solutions  of  the  anbydronB  and  hydrated  salts  are  \deTit\ca\.  'BA\ach«aOT*%  Te^svAva  xtv^c^ 
^/»  be  explained  on  the  supposition  that  the  deh^dtatioii  c^  ^i)ci&  «iCfi\»XA  \xi  vw 
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▼acanm  takes  place  rather  slowly,  and  that  the  smallest  quantity  of  hTdmted  salt 
is  sofficient  to  prevent  the  formation  of  a  supersaturated  solution.  At  all  erents  this 
solution  may  be  supposed  to  contain  either  the  anhydrous  nit  or  a  hydrate  with  less 
than  6  mols.  water.  Moreover,  since  by  addition  of  water  to  this  solution  a  dilute 
solution  is  formed  without  any  considerable  alteration  of  temperature,  and  since  the 
addition  of  the  crystallised  hydrate  to  a  solution  supersaturate,  but  diluted  with  so 
much  water  that  nothing  is  separated  from  it  by  contact  with  the  crystals  does  not 
gire  rise  to  any  peculiar  thermic  action,  it  is  probable  that  even  dilute  solutions  still 
contain  anhydrous  salt  mixed  with  a  quantity  of  the  hydrated  salt^  perhaps  increasing 
with  the  dilution.  It  is  the  sudden  rormation  of  the  solid  hydrate  in  the  crystalline 
state  and  through  the  entire  solution  that  destroys  the  state  of  supersaturation,  just 
as  in  sodium  sulphate  and  other  salts. 

Action  of  Carbonic  Add  on  SocUum  Acdaie, — ^A  saturated  solution  of  sodium 
acetate  is  decomposed  by  carbonic  add  at  the  temperature  of  a  mixture  of  snow 
and  salt,  with  formation  of  acid  carbonate,  NaHCO',  and  free  acetic  acid  (Set- 
schenow,  DeiU,  Chem,  Ges,  Bet,  viiL  540). 

AloolMiHe  Aeettttes.  Aoetio  EtherB, — Patem6  finds  that  in  the  preparation  of 
ethyl  acetate  (also  of  eth^l  iodide),  it  is  not  advisable  to  use  perfectly  anhydrous 
matfffials,  a  better  yield  being  obtained  when  a  little  water  is  present  (Uaet,  Ckim, 
Dal.  iv.  149).  According  to  SchifT  (I^Mf^.  Ckem,  Get,  Ber.  vil  692),  the  same  observ- 
ation is  applicable  in  ethariflcations  in  generaL 

Action  of  Bromine  on  Acetic  Etker$, — When  methyl  acetate  is  heated  to  160^ 
with  5  at.  bromine,  hydrobromic  acid  and  methyl  bromide  are  produced,  together  with 
a  laminar  crystalline  substance  having  thecomposition  of  hex brominated  methyl 
acetate,  O'Bi'O*.  This  compound  melts  at  86^  87^t  crystallises  from  alcohol  in 
needles,  emits  a  vapour  which  attacks  the  eyes,  and  is  easily  decomposed  by  fixed 
alkalis  and  by  alcoholic  ammonia,  a  humus-like  substance  being  formed  in  the  latter 
ease.  The  action  of  bromine  on  methyl  acetate  likewise  gives  rise  to  a  small  quantity 
of  bromoxaform,  which  is  decomposed  by  alcoholic  ammonia,  with  production  oif 
dibromacetamide  and  bromoform. 

Ethyl  acetate,  treated  with  2  mols.  bromine  at  150^-160^,  is  for  the  most 
part  converted  into  ethvl  bromide  and  dibromacetic  acid,  together  with  small  quanti- 
ties of  brominated  ethyl  bromides  and  pentabrominated  ethyl  acetate,  C*H*Br*0*. 
This  latter  product  forms  a  colourless  oil  having  an  ethereal  odour,  and  boiling  with 
decomposition  above  200^.  Alcoholic  ammonia  converts  it  into  dibromacetamide 
(m.  p.  156^),  ammonium  bromide,  and  a  syrupy  substance. 

The  action  of  bromine  on  ethyl  acetate  probably  consists,  in  the  first  instance,  in 
the  formation  of  brominated  derivatives  of  ethyl  bromide,  which  are  afterwards 
decomposed  by  the  hydrobromic  add  simultaneously  produced  (A.  Steiner,  DetU, 
Chem.  Ges,  Ber.  vii.  604). 

When  bromine  is  mixed  with  ethyl  acetate  at  ordinary  temperatures,  heat  is 
evolved,  the  product  retains  the  colour  of  bromine,  and  does  not  crystallise  by  cooling ; 
ami  when  distilled  under  reduced  pressure  gives  off  at  40^-46^  a  liquid  having  the 
composition  (C^H*0^'Br*.  On  the  otlier  hand,  when  a  stream  of  dry  air  is  passed 
through  a  mixture  of  ethyl  acetate  and  bromine  in  any  proportions,  the  excess  of  one 
or  the  other  is  carried  away  till  the  residue  has  the  composition  C^H'O'.Br'.  This 
compound  decomposes  at  140^-160^,  yielding  ethyl  bromide,  hydrogen  bromide,  and 
bromacetic  acid  (Schiitzenberger,  Bull,  Soc,  Chim,  [2],  xix.  17). 

Decomposition  of  Ethyl  Acetate  by  Heat. — When  the  vapour  of  this  ether  is  passed 
through  an  iron  tube  heated  to  a  temperature  somewhat  below  dull  redness,  it  is 
ivsol^  into  acetic  add  and  ethene : 

C«H«O.C«H»  =  C«H«0«  +  C»H«. 

li^  however,  the  heat  be  raised  to  dull  redness,  the  acetic  acid  is  farther  resolved  into 
acetone,  carbon  dioxide,  and  methone : 

CH'.COOH  -  CH«  +   C0», 

and  2(CH«.C00H)  =  CH«.CO.CH»  t  CO*  +  HK). 

AoetoAoetio  Btliera  and  tli«ir  aerlTatlTea.— The  products  obtained  by  the 
successive  action  of  sodium  and  alcoholic  iodides,  chlorides,  &c.,  on  ethyl  acetate  (let 
Suppl.  16,  689),  have  been  fhrther  examined  by  Wislicenus  and  his  pupils  (Deut. 
Chem.  Ges.  Ber.  vii.  683 ;  viii.  1034.  1206;  Liebi^s  Annalen,  clxxxvi.  161),  and  by 
Oppenheim  a.  Itecht  (Deut,  Chem.  Ges.  Ber.  Ti\.  929  ;  ix.  318). 

/.  WieliceDua  SmU,  in  accordance  with  Geuther,  that  the  only  product  toTtn^dYs^ 
the  direct  action  ofaodium  on  etbjrl acetate,  are  lodiam  ethylate,  C?li«llaLO,  ui4  ^Oi-jV 
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aoetosodacetate,  OH'NaO*  (Oeather*8  sodium  ethprldiacetate ;  Wanklyn's  sodinm- 
triacetjl),  and  he  explains  the  reaction  by  the  equation : 

2(OH».C500CWB[»)  +  Na«  -  NaOO»H»  +  CH«.CO.OHNa.COOC«H»  +  H«. 

Oppenheim  a.  Precht,  in  accordance  with  Wankljn  {Ist  Suppl,  15),  explain  the 
result  by  the  action  of  4  at  sodium  on  8  mols.  acetic  ether : — 

8(0H».COOC«H»)   +  Na*  -  SNaOC^H*  +  CH«.CO.0HNa.CO0C«H». 

According  to  this  equation,  4  at.  >-  92  parts  of  sodium  should  form  1  mol.  »  130 
parts  by  weight  of  acetosodacetic  ether,  or  1  part  of  sodium  should  form  1*41  parts  of 
the  ether.    £i  four  experiments  1  part  of  sodium  gave  1*6  parts  of  the  ether. 

The  action  of  sodium  on  acetic  ether  generally  begins  in  the  cold,  with  evolution  of 
hydrogen ;  but,  if  the  ether  be  previously  treated  with  phosphoric  anhydride,  which 
removes  alcohol  as  well  as  water,  and  then  distilled,  perfectly  pure  ethyl  acetate  passes 
over,  which  is  but  slowly  attacked  by  sodium  even  at  the  heat  of  the  water>bath, 
and  without  evolution  of  hydrogen.  This  result  is  in  accordance  with  the 
observations  of  Wanklyn  and  of  Ladenburg,  who  purifies  his  acetic  ether  with  silicic 
chloride  {2nd  8u(ppL  7)t  a^bo  with  the  original  experiments  of  Lowig  a.  Weidmann, 
made  in  1840. 

2.  Ethylio  Ao6t<haeetate,  C«H"0«  -  0H«— CO— OB?— COKJ«H»  (Geu- 
ther's  Etht/l-diacetio  cuidf  Wanklyn's  Hydn>gm'tr%aoetyl  or  Acetate  of  acetethyl). 
To  prepare  this  compound  in  the  pure  state,  Oppenheim  a.  Precht  adopt  a  method 
differing  but  slightly  from  that  originally  given  by  G^uther  {let  Suppl.  16).  The 
product  obtained  by  heating  sodium  with  excess  of  ethyl  acetate — while  still  warm,  and 
therefore  dissolved  in  the  acetic  ether,  and  without  purification  by  washing  with  ether 
or  solution  in  water — is  mixed  with  the  quantity  of  glacial  acetic  acid  required  to  con- 
vert it  into  the  aceto-aceCic ether,  and  then  with  water ;  or,  better:  The  weighed  quantity 
of  glacial  acetic  acid  is  miled  with  four  times  its  weight  of  water,  and  the  product 
obtained  by  treating  1  part  of  sodium  with  10  |)art8  of  ethyl  acetate  (t.^.  with  a  large 
excess)  is  poured  imile  still  warm  into  the  acid  liquid.  The  mixture  of  acetic  and 
aceto-acetic  ether  thus  produced  fioats  on  the  solution  of  sodium  acetate  formed  at  the 
same  time,  and  is  decanted  there&om  and  subjected  to  fractional  distillation.  In  this 
manner  2  kilograms  of  pure  aceto-acetic  ether,  boiling  at  180^-181^,  may  be  prepared 
in  a  few  days. 

Mixter  (Deui,  Chem,  Gee,  Ber,  vii.  622^  prepares  the  same  ether  by  the  action  of 
acetyl  chloride  on  the  product  obtained  by  heating  ethyl  acetate  with  sodium.  In  this 
case  the  acetyl  chloride  first  acts  on  the  acetosodacetic  ether,  CH'.OO.CHNa.COH!])^H^ 
replacing  its  sodium  by  acetyl,  and  the  product  thus  formed  is  subsequently  decom- 
posed by  water  into  acetic  acid  and  ethyl  aceto-acetate. 

Ethylic  aceto-acetate  gently  warmed  with  a  dilute  solution  of  potassium  perman- 
ganate IS  oxidised  in  the  manner  indicated  by  the  equation  : 

CH«.CO.CH«.CO.OC«H»  +   0»  +   3K0H  « 
CH«.CO«K  +  C«0*K«  +  2H*0  +  C«H»OH, 

the  only  acids  formed  being  acetic  and  oxalic  (Emmerling  a.  Oppenheim,  Deut,  Chem. 
Gee.  Ber.  ix.  1008). 

Ethylic  aceto-acetate,  heated  with  aniline,  yields  diphenyl-carbamide,  acetone,  and 
alcohol : 

CH«.CO.CH«.CO.OC«H»  +   2C«H»NH«  -  C0(NHC*H*)2  +  CO(CH»)«  +  (?B}OU 

(Oppenheim  a.  Precht,  ibid,  1098). 

3.  Ethylic  aceto-acetate  forms  the  starting  point  of  a  large  number  of  derivatives. 
Sodium  dissolves  in  it  with  evolution  of  hydrogen,  and  if  the  liquid  be  diluted  with 
anhydrous  ether,  or  better  with  pure  benzene  (3  mols.  benzene  to  1  vol.  of  the  aceto- 
acetic  ether),  the  reaction  goes  on  with  great  regularity  at  the  boiling  point  of  ben- 
zene, 1  at.  sodium  (never  more)  being  introduced  into  1  mol.  of  the  ether : — 

CH«- CO— CH«— C020«H»  +  Na  =  H  +  CH»— CO— CHNa— CO^C^H*. 

It  is  best  to  use  an  excess  of  sodium,  and  decant  the  liquid  as  soon  as  hydrogen  ceases 
to  escape.  The  acetosodacetic  ether  thus  produced  crystallises  out  on  cooling,  and 
remains,  after  evaporation  of  the  benzene,  as  a  snow-white  mass  having  a  silky  lustre. 
By  treating  this  compound  with  the  iodideSf  bromidee,  &c.,  of  organic  radidee,  the 
atom  of  sodium  may  be  replaced  in  perfectly  definite  proportion,  yielding  compounds 
having  the  general  formula : 

CH«— CO  — CHX— COOC«H», 

where  X  denotes  a  univalent  organic  radicle,  or  the  equivalent  quantity  of  a  muUi- 
ralent  radicle.  Thus  by  treating  75  grams  of  ethylic  aceto-acetate  with  sodium,  and  thu 
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rwalting  ethyl  aceto-sodacetate  with  ethyl  iodide,  Wislicenus  obtained,  after 
three  fractional  distillations,  66  grams  of  pore  ethyl  ic  ace  te  thy  lace  tate, 
CH«— CO— CH(0»H»)--COOC»H»,  boiling  between  193*>  and  196®,  the  only 
other  product  being  a  small  quantity  of  deh^dracetic  acid.  Equally  definite  are  the 
reactions  with  benzyl  chloride,  bensoyl  chloride,  ethyl  chloracetate,  &c 

in  Uie  products  of  this  first  synthesis— but  not  before — a  second  atom  of  hjrdrogen 
nay  be  replaced  by  sodium.  Ethylic  aceto-acetate  diluted  with  benzene  (ussolyes 
exactly  1  atom  of  sodium — neyer  more — ^yielding  eth^lic  acetosodethyl- 
aeetate,  GH'.CO.C(CH^)Na.GOOC*H* ;  which  again  reacts  in  a  similar  manner  with 
OEganic  halo'ids,  yielding  with  eUiyl  bromide,  for  example,  a  comparatiyely  large 
qoantity  of  ethylic  aceto-diethylacetate,  CH*.CO.O(G'H*)'.GOOC*H*,  boiling  at 
208^-211®.  The  secondly  products  were  of  insignificant  amount,  including  a  small 
quantity  of  dehydracetic  aci(L 

In  a  similar  manner  two  different  organic  radicles  may  be  introduced  into  the 
moleeule,  producing  compounds  represented  by  the  general  formula : 

CH«— CO— CXY— COOCH*  (Wislicenus). 

4.  To  explain  the  formation  of  ethylic  aceto-diethylacetate  by  the  action 
of  ethyl  iodide  on  a  mixture  of  ethylic  aceto-sodacetate  and  sodium  ethylate,  in 
Franluand  a.  Dappa's  synthesis,  Geuther  suggested  that  the  ethyl  of  the  sodium 
ethylate,  in  presence  of  ethylic  acetate,  replaces  the  atom  of  hydrogen  in  the  ethylic 
aoeto-ethylacetate.  Wislicenus,  howeyer,  shows  by  experiment  that  this  is  not  the 
case,  but  that  sodium  ethylate  acting  upon  the  aceto- acetate  or  aceto-ethylacetate  of 
ethyl,  forms  the  correeponding  sodium-aeriyatiye,  together  with  ethyl  alcohol,  thus  :— 

CH»  CH» 

^  +  C»HK)Na  =  C«HK)H  +    ^m^ 

ooocra*  cooc«H» 

and, 

^(Cm    +  C»HK)Na  -  CH-OH  +    gJ^2*)Na 
CX)OC«H»  COOC»H». 

An  experiment  with  40  grams  of  pure  ethyl  aceto-acetate  and  22  grams  of  pure  and 
dry  sodium  ethylate  gaye  14*4  grams  of  ethyl  alcohol,  the  calculated  quantity  being 
14'1  grams. 

From  the  facility  with  which  these  transformations  occur,  it  is  easy  to  see  that  in 
the  action  of  ethyl  iodide  on  the  crude  product  obtained  by  treating  ethyl  acetate  with 
ix)diam,  the  reaction  between  the  ethylic  aceto-cthylacetate  formed  in  the  first  instance, 
and  the  sodium  ethylate  still  present  in  the  mixture,  must  give  rise,  first  to  ethyl 
acetethylsodacetate,  and  then  to  ethylic  acetodiothylacetate  (Wislicenus). 

d.  The  resolution  of  the  ketomc  acids  into  homologues  of  acetic  acid  and  other 
product8,  among  which  dehydracetic  acid,  C'1I"0\  is  invariably  found,  is  attributed 
by  Wislicenus  to  a  reaction  between  the  sodic  and  non-sodic  aceto-acetic  ethers,  as  re- 
presjcnted  by  the  following  equation : 

CH»  CH»  CH« 

CXY  "*■  CXNa       -  ^^«a"    +  *COOC«H»  "*"  CXH 


ft 


COOC»H»  COOC«H»  COOCH 

where  X  Y  denote  either  oiganio  radicles  or  hydrogen-atoms  (Wislicenus). 

6.  Ethylic  aceto-acetate,  heated  in  a  sealed  tube  to  230^-260^,  is  decomposed  into 
ethyl  acetate  and  dehydracetic  acid,  as  represented  by  the  equation  : 

4(CH».C0.CH«.C0.0C*H»)  -  CH»0«  +  4(CH».C0.0C»H*). 

Ethylic  nceto-eihylacetate  remains  unaltered  at  230^,  but  is  decomposed  at  300^  in  the 
same  manner  as  the  aceto-acetate  (Conrad,  Dtui,  Chem.  Ges,  Ber.  yii.  688). 

7.  Ethylic  Bemoylaceto-aeetate,  C'H'^O*,  is  formed  by  the  action  of 
benzoyl  chloride  on  ethylic  acetosodacetate : — 

CH»    ■  CH« 

^^       +   C0C-HK31  -  NaCl  +    g^.cOC«H» 
COOC»H»  COOC«H». 

This  ether  is  decomposed  by  heat  into  ethyl  benzoate  and  dehydracetic  acid : 

2C"H»*0«  -   2C»H»(C2H*)0«  +   C«H»0*. 
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CO.CH" 
Treated  with  alcoholic  potash,  it  does  not  yield  the  double  ketone    |  as 

CHH)O.C«H» 
might  be  expected,  according  to  its  constitution,  inasmuch  as  this  ether  is  itself  de- 
composed bjT  the  potash,  giving^  potassium  acetate  and  phenyl-methyl  ketone,  together 
with  small  quantities  of  potassium  benzoate  and  acetone  (J.  Bonn^  Deut,  Chem,  Ges, 
Ber,  vu.  689). 

8.  Ethyhe  Allylaeeto-aeetate  =  CH».C0.CH(CH«.C5H=CH^CH«.C0«C«H», 
is  formed  by  the  action  of  allyl  iodide  on  eihylic  acetosodacetate.  This  ether 
boiled  with  alcoholic  potash  is  easily  resolved  into  alcohol,  carbonic  acid,  and  allyl- 
acetone  or  methyl-crotonyl  ketone,  CH«— CO--CH«(CH«— CH=CH«),  a  light 
colourless  oil  boiling  at  130®. 

Ethylic  allylac^o-acetate  heated  with  pure  sodium  ethylate  (?  hydrate)  yields 
large  quantities  of  ethylic  allylacetate,  OH«(C?H»)— CO«0*H»  :— 

CH« 

CH.CH«.CH=CH«  +  NaOfl  =  SS^v-    +  CH« 
COOO*H»  i/uuiMa         Qg, 

COO(?H» 

a  liquid  boiling  at  142<>-144^  fifom  which  ally  1-acetic  acid,  CHXC»H»)— COOH, 
may  be  obtain^  in  the  usual  way  (Zeidler,  ibid,  viii.  1086). 

Ethylic  allylaceto-acetate,  dissolyed  in  aqueous  alcohol  and  treated  with  sodium 
amalgam,  is  converted  into  a-allyl-i3-oxy  butyric  acid  (Zeidler): — 

CH»  CH« 

OT(C»H.)  +  2H«0  +  Na«  =  C«H»OH  +  NaOH  +  ^^^ 
CO.OC«H»  COONa. 

Isohutylio  Aceto^cetate,  C*H>*0«  =  CH«— CO— CH«— CO«[CH«.CH(CH«)^, 
is  prepared  by  treating  the  product  of  the  action  of  sodium  on  isobuytl  acetate  with 
glacial  acetic  add,  in  the  manner  above  described  for  the  preparation  of  ethyl  aceto- 
acetate  (p.  12).  It  is  a  colourless  liquid  which  smells  faintly  of  fennel,  has  a  sp.  gr. 
of  0*979  at  0®,  and  0*982  at  23®,  and  boils  with  decomposition  at  203®.  It  dissolves 
sodium  rapidly,  and  on  mixing  the  solution  with  sodium  isobutylate,  C^H'ONa,  and 
chlorororm,  b^ng  the  mixture  with  caustic  soda,  and  adding  hydrochloric  acid, 
yellowish  flocks  are  thrown  down  consisting  of  oxyuvitic  acid,  CH^'O*  (p.  17) 
(Emmerling  a.  Oppenheim,  DeiU,  Chem,  Gea,  Ber,  ix.  1096). 

10.  Ethyl Acetodi'ieohutylaoetate,  C»*H«0"  =  CH».CO.C(C*H»)*.CO.OC«H». 
— This  ether  is  prepared  by  the  action  of  isobutyl  iodide,  first  at  ordinary  tem- 
perature, aftezwiucds  at  the  heat  of  the  water-bath,  on  the  product  of  the  action 
of  sodium  on  acetic  ether,  and  is  separated  from  the  crude  product  (boiling  at 
130®-260®)  by  repeated  fractionation.  It  is  a  liquid  of  agreeable  odour,  having  a  sp. 
gr.  of  0*947  at  10®,  and  boiliuff  at  250®-253®.  It  dissolves  in  all  proportions  m 
alcohol  and  ether,  and  forms  witn  fuming  sulphuric  acid,  asulpho-acid  which  yields  an 
oncrystallisable  barium  salt. 

The  lower-boiling  portions  of  the  crude  product  appear  to  contain  ethylic  aceto- 
monobutylacetate.  When  the  portion  boiling  between  200®  and  210®  is  boiled  wiUi 
baiyta-water,  large  quantities  of  barium  carbonate  are  deposited,  and  the  mixture, 
distilled  in  a  current  of  steam,  yields  a  liquid,  smelling  like  amyl  acetate,  boiling  at 
144®- 146®,  insoluble  in  water,  on  which  it  floats,  but  soluble  in  alcohol  and  ether, 
forming  solutions  which  are  neutral  to  vegetable  colours.  This  liquid  has  the  com- 
position CQy^O,  and  may  be  regarded  as  isobutyl  acetone  or  methyl-isopentyl 
ketone,  CH»— 00— CH«(C^H»),  (Mixter,  Deut  Chem,  Ges,  Ber,  vii.  499). 

ll.j&ay/ttfJ?tfiiry/flc«<o-actf/o^tf.C"fl»«0«  =  CH«.CO.CH(CH«.C«H»).CO»C«H», 
IS  formed  by  the  action  of  benzyl  chloride  on  ethyl  sodacetate.  When  decomposed 
by  an  alkali  it  yields  methvl-phenyl-ethyl  ketone,  0H»— CO— C«fl<(C«H»), 
a  liquid  boiling  at  283®  (EhrUch,  (bid,  690). 

The  same  ether  takes  up  an  atom  of  sodium,  fonning  ethyli  *  sodio-benzyl 
aceto-acetate,  and  this  is  converted  by  benzyl  chloride  into  ethylic  dibenzyl- 
aceto-acetate: — 

CH».CO  CH«.CO 

CNa.CH«.C«H»  +  C«H».CH«C1  =  NaCl  +    C<^|^^^t| 

coocm*  COOC«H» 
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This  last  ether  is  a  viscid  oil,  not  distillable  without  alteration. 

Ethylic  benxyl-acetate  is  converted  by  nascent  hydrogen  eTolred  from  sodium 
amalgam  into  o-benzyl-iB-oxybutyric  acid,  CH«.CHOH.CH((rH0.COOH 
(ChrUch,  arid.  1036). 

12.  Et ky  lio  Methvlaeeto-aeetate  {h.jf.  185^-186^^,  formed  by  the  action  of 
methyl  iodide  on  ethyl  sodaiceto-acetate,  is  converted  by  sodium  amalgam  into 
alphamethyl-beta-ozybutyric  acid  (Rohrbeck,  ibid,  1036);  ethylic ethylaceto- 
acetate  in  like  manner  into  the  correspoiiding  ethylozy butyric  acid, 
CH»-CHOH— CH(C«H»)— COOH  (Waidschmidt). 

13.  Ethylic  MetkyUetkt/laeet<hacetate,  CH".CO.C(CH«XC*H»).COOC«H», 
formed  by  the  action  of  methyl  iodide  on  ethylic  sodethylaceto-acetate,  is  a  colourless 
mobile  oil  boiling  at  108^.    Distilled  with  dry  sodium  ethylate,  it  yields  ethylic 

methyl-ethylacetate,  ^^J^H— COOC*H»,  an  oil  boiling  at  182®,  which  yields, 

by  the  usual  method,  methyUchyl-acetic  acid,  G*H>*0'  »  ^^^CH— COOH, 

boiling  at  173®.  and  resembling  opticallv  active  valeric  acid,  in  every  respect  except- 
ing tfalt  its  barium  salt  is  nncrystallisable  (Saur,  ibid,  1087). 

14.  Ethvlic  aceto-acetate  saturated  at  ordinary  temperatures  with  dry  ddorine^ 
is  converted  into  ethylic  acetodichloracetate,CH'Gl'O.COOCH*,  a  colourless 
oil,  which  boils  at  205^-207®,  is  resolved  by  heating  with  water  to  120®  into  alcohol, 
carbon  dioxide,  and  dichloracetone,  CH'.CO.GHCl',  boiling  at  120®,  and  by  saponi- 
fication chiefly  into  acetate  and  dichloracetate.  Both  these  reactions  show  that 
ethylic  acetodichloracetate  has  its  two  chlorine-atoms  united  with  the  same  carbon 
atom,  but  leave  it  undecided  whether  its  constitution  should  be  represented  by  the 
formula :  CHa«-CO-CH«-COOC«H»,  or  by  Cfl»— CO— CC1«— OOOC»H». 

Ethylic  ethylaceto-acetate,  treated  in  like  manner,  takes  up  only  1  atom  of 
chlorine.  Hence  there  can  be  but  little  doubt  that  ethylic  ethylacetochloracetate, 
boiling  between  215®  and  220®,  has  the  formula  OH'.GO.Oa.G*H^COOCH^ 
which  moreover  leads  to  the  second  of  the  above  formulae  ibr  ethylic  acetodichlor- 
acetate. 

Ethylic  ethylacetochloracetate,  heated  with  water  to  180®,  is  resolved  into  alcohol, 
carbon  dioxide,  and  methyl-chloropropyl  ketone  (b.  p.  180®) : 

CH«  CH« 

CO.OC«H»  CH«(OH«) 

(Conrad,  ihid,  1038). 

15.  Diethylic  Aeetonialonate^  CH'^O*,  is  formed  by  the  action  of  ethylic 
chloro-carbonate  on  ethylic  acetosodacetate  : 

CH«CO 

CH«.CO.CH.CO.OC«H» 
JHNa         +  a.CO.OC«H»  -  NaCl  +  I 

I  OO.OCH* 

CO.OC«H» 

It  is  a  colourless  oil,  of  sp.  gr.  1*080  at  23®,  boiling  at  238®-240®. 

16.  Diethylic  Acetoiuoeinate,  C^^W^O^,  is  produced  by  the  action  of  ethyl 
monochloracetate  on  ethylic  acetosodacetate  (Oonrad) : 

CHHX)  CHHX) 

I  CH*C1  I 

OHNa  +    I  -   Naa  +  CH.CH».CO«C«H» 

I  COK?H»  I 

COKJ»H»  COH?H» 

17*  Dietktflic  tk'Ethyl'ao€to$uccinate,(j}^VL^O^/\E  formed  by  treating  the 
sodium  derivative  of  diethyli  *  acetoeuocinate  with  ethyl  iodide: 

CH«CO  CHKJO 

I  I 

CNa.CH«.CO*H»    +    C«H»I    -    Nal    +     C(C«H*).CH».C0K;^» 

COK?H»  CO«C«H» 

It  buils  at  263®-265®  and  does  not  dissolve  sodium,  either  at  ordinary  temperatures 
or  when  gently  heated  (Huggenbeig,  DeuL  Chem,  Get.  Ber.  viii.  1209). 
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18.  Diethylio  fi-Ethyl-aoetoauccinate,  G*^**0*,  is  obtained  by  the  action 
of  ethjrli  J  acotosodacetate  on  ethylie  o-bromobutyrate : 

CH'CO                 CH«CH«                         CHHX)  CHH3H" 

CHNa       +   CHBr        =  NaBr  +  OH OH 

COKJ^H*        C0K3«H»  CO«0«H»      CO«0«H» 

It  is  a  ooloorless  oil  which  boils  at  262^,  and  diiwolTee  sodimn,  with  evolntion  of 
hydrogen,  at  ordinary  temperatnree  (Glowes,  ibid.  1208). 

19.  When  ethylic  aceto-acetate  is  heated  to  100^  for  three  hoors  with  half  its  weight 
of  anhydrous  prussie  acid,  and  theprodnct  is  afterwards  heated  with  hydrochloric  add, 
the  following  reactions  ti^e  place : — 

OH»-00-OH«-CO«C»H»  +  CNH  -  CH«-OOH<^^q,(j^, 
CmC0H<g5,^0^g.  +  3HH)  -  NH»  +  0^*0  +  CH-.C0H<g^:5^,^g^ 

Theprodnct  is  a  modification  of  ozypyrotartaricacid,  which  has  not  been 
obtained  in  the  crystalline  form  (Demar^ay,  Compt,  rmd,  IxziL  1387).    (See  Oxt- 

FTBOTABTABIC  AciD.) 

20.  AcHon  of  OS'  and  Metallic  Oxides  on  Ethvlic  Aceio-^ioeiate.'—ynien  this  ether 
is  heated  to  100®  in  a  sealed  tube  with  carbon  suphide  and  lead  oxide  or  sine  oxide, 
a  small  quantity  of  carbon  oinrsulphide  is  formed,  together  wiUi  a  haid  mass  mostly 
consisting  of  lead  or  zinc  sulphide,  from  which  boiling  alcohol  extracts  a  product 
crystallising  in  small  woolly  straw-ycdlow  needles,  melting  at  166^-162®,  and  giving  by 
analysis  numbers  agreeing  with  the  formula  O^H^C.    This  substance  is  the  ethylic 

ether  of  thiocarbaceto-acetic  acid,  CS^zO^qq^w    ,  and  its  formation  may 

be  represented  by  the  equation : 

^H^COW  +  CS>  +  PbO  =  PbS  +  HH)  +   CS=C<^gi^, 

Ethylic  Aoeto-Bcetate.  Btbylic  Thiooarbaoeto-aoetatc. 

The  acid  OS=<!)H— CO'H  (thiooarbaceticacid)of  which  thiocarbaceto-acetic 
acid  is  the  acetylated  deriTative,  has  not  yet  been  obtained  (Norton  a.  Oppenhoim, 
Deut,  Chem,  Gee,  Ber.  x.  701). 

21.  Action  of  Carbon  Dinulphide  on  Ethvlic  SodacetaU, — The  crude  product  of  the 
action  of  sodium  on  acetic  ether  is  reaaily  attacked  at  a  gentle  heat  by  carbon 
disulphide,  yielding  a  solid  dark  brown  product,  and  a  solution  containing  the  pro- 
ducts of  decomposition  of  sodium  xanthats,  together  with  sodiam  siilphide.  On  filtering 
off  the  liquid  and  washing  the  residue  with  water,  a  light  red  sodium  salt  is  obtained 
haying  the  composition  0>*H^*S*O^Na,  and  yielding,  by  double  decomposition  with 
calcium  chloride,  a  calcium  salt,  (0"H"S*0*)*Ca.  With  mercuric  diloride,  lead 
nitrate  and  a  strong  solution  of  sine  sulphate,  the  sodium  salt  giyes  orange-coloured 
precipitates ;  with  iron  salts  a  brown ;  with  silyer  nitrate  a  dark  red  precipitate,  soon 
taming  brown  ;  and  with  copper  sulphate,  a  black  precipitate. 

The  acid  0**H*^'0^  (thiorufic  acid)  precipitated  by  hydrochloric  acid  and  from 
the  sodium  salt,  forms  dark  orange-coloured  nacreous  scales  yery  much  like  asobensene, 
nearly  insoluble  in  water,  yery  soluble  in  alcohol  and  acetic  add,  and  decomposing 
readily  when  the  solutions  are  eyaporated.  The  formation  of  thiorufic  add  appears 
to  take  place  by  two  stages :  1.  The  action  of  OS'  on  the  ethylic  sodacetate  giyes  rise 

to  the  sodium  salt  of  acetylated  ethyl-thiomalonic  add,  OH'—OO— CH<^jS^^* 

according  to  the  equation : 

0H«— 00— OHNa-00.00^»  +  0S«  =  0H«--00— OH<;^j^^ 

and  this  salt  reacts  with  the  sodium  xanthato  formed  at  the  same  time  in  such  a 
manner  as  to  produce  sodium  thioru&te,  together  with  sodium  sulphydrate : — 

0H»— 00  0H«— 00 

H(|-OSSNa  +  CS<S^  -  NaHS  +  j<^;^. 

CO.OO»H»  CO.OCH*. 

Acetethyl-thiomalonate.  Xanthate.  .    Thiorofate. 

On  boiling  the  thioru&te  with  soda-ley  in  a  yessel  fitt^  with  a  reyersed  condenser, 
tlie  salt  acquires  a  transient  red  colour,  and  large  quantities  of  alcohol  are  produced, 
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together  with  the  nit  of  a  new  orange-red  acid  very  soluble  in  water  (Norton  a. 
Oppenheim,  loe.  eit.) 

22.  JeHon  of  Cklorqform  on  SodaeeUe  Ether.— -When  chloroform  is  added  to  pare 
ethylic  acetosodaeetate,  brisk  tomefiiction  and  ebullition  takes  place;  bat  on 
distilling  the  liquid,  nothing  passes  over  except  acetic  ether  and  tribasic  formic 
ether.  When,  however,  chloroform  is  added  to  the  crude  product  of  the  action  of 
sodium  on  acetic  ether,  and  the  resulting  mixture  of  ether  is  boiled  with  caustic 
soda,  till  a  sample  of  it  no  longer  yields  an  oily  product  on  addition  of  an  acid,  a 
solutionis  obtained  from  which  hydrochloric  acia  throws  down  oxyuvitic  acid, 

iCH» 
0>HK)*  »  G^H*! OH        ,  in  yellowish  flocks,  which  may  be  dissolved  in  a lazse 

'(CO«H)« 
quantify  of  boiling  water,  and  decolorised  by  animal  charcoal,  the  add  Uien  sepa- 
rating on  cooling,  m  thin  colourless  needles. 

l%is  add  reralts  from  the  action  of  1  moL  chloroform  on  2  mols.  ethylic  aceto- 
■odacetate. : — 


OO.OC«H» 

I 

(NaXH)C-CO~CH» 
Ethylio  Aoetotodacetate. 

ia«)O.H 

Chlorofonn. 
(Na)HO— CO— CH> 

to— OC*H» 
BtbjUc  AceCoeodBoetate. 


CO.OC«H» 
i_CO— CH« 

'  —  (2Naa  +  Ha)  »  dn 

CH— CO-OH* 

CO— OC»H». 
Intermediate  prodoot. 


CO— 00»H» 


C— C[0] 
H-C  O.H[H](H) 

C(H).0(0)CH« 


CO.OC«H' 


CO. 


OC«H» 


C— OH 
).— H»0  «  H— C  C-H 

C— CH« 

I 
CO.OC^H*. 


Intennediate  inroduot.  OxyuTltic  ether. 

(Oppenheim  a.  P&ff;  Ikut,  Chem,  Ge$,  Ber,  yii.  929.^ 

As  already  observed,  however,  the  oxyuvitic  add  is  not  produced  from  chloroform 
and  ethylic  acetosodacetate  alone ;  its  formation  requires  the  intervention  of  sodium 
ethylate,  which,  in  fact,  is  present  in  the  crude  product  of  the  action  of  sodium  on 
acetic  ether.  Moreover,  the  addition  of  sodium  ethvlate  to  the  mixture  of  chloroform 
and  pure  ethylic  acetosodacetate  at  once  determines  the  formation  of  the  oxyuvitic  add. 

As  the  bibasic  oxyuvitic  add  is  formed  at  the  expense  of  1  mol.  chloroform  and 
2  mols..ethylic  acetosodacetate,  the  sodium  ethylate  appears  to  act  by  introducing  into  the 
residue  of  1  mol.  acetosodaoetic  ether  romaining  after  the  partial  action  of  the  chloro- 
form a  second  atom  of  sodium,  wheroby  the  thi»i  chlorine-atom  of  the  chloroform  can 
be  separated. 

That  the  ethyl-gfioup  in  the  sodacetic  ether  is  not  directly  concerned  in  the  formation 
of  the  oxyuvitic  acid  is  shown  by  the  &ct  that  this  add,  and  not  a  higher  homologoe, 
is  formed  in  like  manner  from  isobutyl  acetate  (£mmerling  a.  Oppenhdm,  p.  14). 

Oxyuvitic  acid  belongs  to  the  aromatic  group,  and  acco^ngly  gives  a  red  coloration 
with  ferric  chloride ;  its  formation  affords,  thereforo,  an  example  of  the  passage  from 
the  fatty  to  the  aromatic  group. 

The  product  obtained  by  treating  pure  ethylic  acetosodacetate  with  chloroform  alone 
gives  no  colour  reaction  with  ferric  chloride,  and  therofore  does  not  belong  to  the 
aromatic  group.  It  appears  to  be  a  tribasic  add  resulting  f^om  the  action  of  8  mols. 
chloroform  on  1  mol.  acetosodacetic  ether  (Oppenheim  a.  IVecht,  Deut,  Chem,  Get. 
Ber.  ix.  321). 

Bromaeetie  £LciAm*^]lionobromae§tie  aeid  vaatAairith  methyl  sulphide, 
forming  the  compound  C^H'S.CH'BrO',  which  may  be  formulated  aa  tha  ta.vdxo» 
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bromide  of  a  base,  OH'SO*,  called  methyl4heime,  azialoeoaa  in  constitution  to  betaine, 
C5»H"N0»:  — 

^r   CH«.COOH  ^w  I  CH«.COOH 

Methyl-theUne  hjdxobromlde  Betalnehydrobromide 

The  constitution  of  the  so-called  methyl-thetine  is  similar  to  that  of  the  snlphine- 
compounds  discovered  byy.  Oeffele  (y.  881);  (Onm-Brown  a.  Letts,  Deut.  Chem. 
Gt8,  Ber.  Tii.  695). 

Dibromacetie  acid,  O^H^r^O^  -  GHBr*.COOH.— L.  Schfiffer  {Deut  Chem, 
Oes.  Ber,  iy.  366)  has  separated  this  acid  from  the  bye-prodncts  of  Uie  mann&ctnre 
of  bromal.  The  portion  of  the  crude  product  whidi  boils  above  180^  was  mixed 
-with  water;  the  aqueous  solution  decanted  from  Uie  carbon  tetrabromide  which 
separates,  then  neutralised  with  barium  carbonate ;  and  the  crude  barium  dibrom- 
acetate  thus  obtained  was  purified  by  treatment  with  animal  charcoal  and  repeated 
crystallisation.    From  this  salt  the  acid  was  senarated  by  sulphuric  acid. 

Dibromacetie  acid  forms  thick  white  crystalline  masses,  but  cannot  be  obtained  in 
well-defined  separate  crystals,  as  it  does  not  solidify  tall  the  last  trace  of  the  solvent 
has  been  removed.  It  is  easily  soluble  in  alcohol  and  ether.  It  smells  fiiintly  of 
acetic  acid,  and  its  vapour  strongly  irritates  the  mucous  membranes.  It  boils,  with 
slight  decomposition,  at  232^-284^  (according  to  Perkin  a.  Dup^  at  225^-230^). 
The  observations  of  its  melting  point  vary  from  45^-50^,  as  the  acid  quickly  absorbs 
moisture  froin  the  air.  The  acid,  if  not  quite  pure,  does  not  solidify  at  all  in  a 
vacuum,  or  only  after  a  considerable  time;  but,  on aiidixig strong  sulphuric  add, crystal- 
lisation takes  place  in  a  few  minntes. 

The  dibromacetates,  with  exception  of  the  silver  and  mereurous  salts,  are 
very  soluble  in  water  and  in  alcohol,  and  crystallise  well.  The  potassium,  eaU, 
2C'HBr'0E  +  HK),  forms  large  prisms  permanent  in  the  air ;  the  ammcnium  salt 
white  transparent  prisms.  The  barium  aalt,  (C*HBr'0*)'Ba  +  4H'0,  forms  large 
shining  colonrless  prisms,  which  effloresce  very  quickly  on  exposure  to  the  air.  The 
lead  salt,  (C^HSr^O^ypb,  crystallises  in  stellate  groups  of  small  white  shining  needles. 
The  silver  ealt^  C'HBr'O'Ag,  forms  small  white  needle-shaped  crystals,  whi<£  blacken 
when  exposed  to  light.  It  detonates  when  heated,  with  formation  of  silver  bromide, 
decomposes  gradually  by  keeping,  and  is  decomposed  by  water,  with  separation  of 
silver  bromide.  The  mercwrous  Hdt  crystallises  in  small  white  shining  laminae,  which 
behjEive  like  the  silver  salt  when  heated  with  water.  The  ethylio  ether  obtained  by 
boiling  an  alcoholic  solution  of  the  acid  mixed  with  sulphuric  acid,  is  a  colourless  oily 
liquid,  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  having  a  disagreeable 
odour  recalling  that  of  peppermint  oil.  It  boils  constantly  and  without  decomposition 
at  192^.  When  gently  heated  with  alcoholic  ammonia,  it  is  converted  into  dibrom- 
acetamide,  which  separates  on  cooling  in  l(mg,  brittle,  shining,  needle-shaped 
crystals  melting  at  156^  (Schafier ;  compare  Perkin  a.  Duppa,  Chem,  8oo,  J.  xii.  1, 
and  this  Dictionary,  i.  666). 

Tribromaoetie acid,  C*BBi»0^  -  CBr*.COOH  (SchSffer,  ^.  ct^. ;  Gal,  a>fRp^. 
rend.  Ixxvii.  786 ;  compare  let  8uppl.  p.  18). — This  acid  is  most  easily  prepared  by 
dissolving  bromal  or  bromal  hydrate  in  warm  nitric  acid.  The  reaction  is  complete 
after  some  hours,  and  if  the  nitric  acid  is  not  present  in  too  great  excess,  the  tribrom- 
acetic  acid  crystallises  in  laminae,  which  may  be  separated  from  the  liquid  and  purified 
by  recrystallisation. 

Tribromacetic  acid  forms  tabular,  transparent,  colourless  crystals,  which  are 
permanent  in  the  air,  have  a  strong  lustre,  and,  according  to  P.  Groth's  measurements, 
belong  to  the  monoclinic  system.  Combination  ooP  +  oP ;  cleavage  perfect  parallel 
to  ~  Poo .  According  to  approximate  measurements,  the  angle  ooP  :  ooP  »  111^  11' ; 
floP:oP  =   109®fi4^;  oP:  -  Poo    =   107**  42'. 

The  acid  dissolves  easily  in  water,  alcohol,  and  ether,  and  may  be  obtained  in 
crystals  from  these  solutions.  The  vapours  are  pungent,  and  have  a  slight  odour  of 
aoeticadd.  The  acid  melts  at  130^  (Schaffer);  at  186°  and  boils  at  250°  (Gal). 
The  acid  when  dr^  may  be  touched  with  impuni^;  bnt  if  moists  it  produces  violent 
inflammation  of  the  skm  (Ghd). 

The  tribromaoetates,  excepting  the  silver  and  mercuzous  salts,  are  easily  soluble  in 
water  and  in  alcohol,  but  are  decomposed  in  solution  even  at  a  gentle  heat,  into 
bromoform  and  the  corresponding  carbonates ;  e.g, 

C«KBr»0*  +  BPO  =  CHBr*  +  KHCO». 

The  free  acid  likewise  splits  up  in  the  same  manner  when  its  aqueous  or  alcoholic 
ealat/oa  ia  heated^ 
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Hm  9odmm  mU,  2G*.Br*0*Na+6H*0,  fonns  hi^Uj  lustrous  white  Umiiia;  the 
._  win  ioU,  (C*BrH)*)'Ba-i-8HH),  thin  tabular  smning  crystals;  the  oopper  salt, 
nodiilar  0oin»  of  small,  UiUBh-green,  needle-shaped,  eanlj  soluble  orTStals ;  the  lead 
mli,  (C<BrH5')*Pb,  stellate  groups  of  small  compact  needles.  The  gih&r  $aU, 
(Kfo'O'Ag,  forms  small,  laminar,  yery  unstable  crystals.  The  mereurouB  salt  forms 
■mall  lamine,  and  decomposes  either  when  moist  or  on  exposure  to  light  (Schaffer). 

Obloraeetie  Aeid.  When  dry  hydrogen  phosphide  is  passed  into  monochlor- 
aeetic  add,  hydrochloric  acid  is  evolyed,  and  ehlaracetyl  phoBpkide,  OH*C10PH*,  is 
formed.  This  substance  forms  a  yellowish-white  powder,  which  in  the  moist  state  is 
■lowly  resolred  into  chloraoetic  acid  and  hydrogen  phosphide.  Its  alcoholic  solution, 
when  en^onated  over  the  water-bath,  leaves  a  strongly  acid  syrup,  which  refuses  to 
Bolidif|r  (l^teiner,  Deut.  Chem,  Gea.  Ber,  yiii.  1178). 

Metkffl  Monoekloracetate,  CHKSIO^.CH',  may  be  prepared  by  passing  hydrogen 
chloride  into  a  solution  of  monochloracetic  acid  in  methyl  alcohol  (L.  Henry,  Urid.  yii. 
742),  or  by  the  action  of  monochloracetyl  chloride  on  methyl  alcohol  (P.  J.  Meyer, 
ibid.  Tiii.  1162).  It  is  a  colourless  mobile  liquid  having  a  rather  pleasant  odour, 
sp.  gr.  =  1-22  at  IS**.  Vapour-density,  371  (calc.  3-74).  Boiling  point  126«»-127®, 
under  a  pressure  of  767  mm.  (Henrr) ;  129^  (Meyer).  It  is  insoluble  in  water,  and 
not  decomposed  thereby,  or  very  slowly  if  at  aJL  It  does  not  give  off  hydrogen 
diloiide  when  treated  with  sulphuric  acid.    It  is  isomeric  with  methylene  aceto- 

chloride,  ^^^^qshsO'  ^^^  Suppl,   80),  formed  by  passing  chlorine    into  cooled 

methylic  acetate  (Henry).  It  is  converted  by  ammonia  into  chloracetamide, 
CHK31.00NH*,  by  aniline  into  chloracetanilide,  Cff«a.CONH(Cra»),  and  by  toluidine 
into  chloracetoluide,  GH'Cl.CONH(CrH'),  (Meyer). 

Etkyl  Diehloraeitate,  CHCl'.CO^C^*,  is  best  prepared  by  adding  1  mol.  chloral 
hydrate  to  1  moL  potassium  cyanide  under  absolute  slcohol,  whereupon  a  brisk  action 
takes  place,  accompanied  by  evolution  of  hydrocyanic  acid : 

Ca»— CH(OH)*  +  CNK  =  CHC1».C0«H  +  KCl  +   CNH 
and 

CHa»— CO«H  +   C«H»OH  =  CHC1».C0*C»H*  +  H«0. 

Water  added  to  the  product  separates  a  heavy  oil,  from  which,  by  fractional  distilla- 
ation,  ethyl  dichlomcetate  is  obtained,  boiling  between  164^  and  167^. 

piom  this  ether  dichloracetic  acid  may  be  conveniently  prepared  by  mixing  1  moL 
of  the  ether,  diluted  with  about  an  equal  volume  of  alcohol,  with  a  pure  ^cohoUc 
■olution  of  1  mol.  potassium  hydrate,  whereby  it  is  converted  into  a  thick  crystalline 
pulp  of  potassium  oichloracetate ;  subjecting  this  salt  in  a  combustion-tube  to  the 
action  of  hydrochloric  acid  gas,  which  it  quickly  absorbs ;  and  finally  heating  the  pro- 
duct in  a  uow  stream  of  the  gas.  Dichloracetic  acid  then  distils  over,  as  a  liquid 
which  boils  at  1 89^-19 1^  and  solidifies  below  0^.  The  quantity  obtained  is  very 
nearly  equal  to  that  required  by  theory  (Walladi,  Deut,  Vhem.  Gea,  Ber.  vi.  114 ; 
ix.  1218 ;  z.  477 ;  compare  Cech  a.  Schwebel,  ibid,  x.  288). 

The  compound  which  Amato  obtained  (2nd  Suppl.  9)  by  treating  ethyl  dichlor- 
aeetate^  dissolved  in  alcohol,  with  a  slightly  acidulated  solution  of  potassium  cyanide, 
and  suppoMd  to  have  the  composition  C^CONH')*.GO*C^*,  has  been  found,  on  f\irther 
examination,  to  be  merely  allophanio  ether,  CH'N'O'.CH*,  resulting  from  the  action 
of  potassium  cyanate  contained  in  the  crude  cyanide  on  the  alcohol  used  as  a  solvent 
(Gas£.  ckim,  iial,  iii.  469). 

Triekloraeetie  Acid,  Ca".COOH,— A.  Clermont  (-4nn.  Ch,  Phys.  [6],  ii.  401 ; 
Compt.  rend.  Ixxvi.  774 ;  Ixxxi.  1270),  prepares  this  acid  by  oxidation  of  chloral 
hydrate,  either  with  chromic  or  with  nitric  acid,  or  with  potassium  permanganate, 
(a.)  A  strong  solution  of  chromic  acid  is  poured  by  small  poitions  into  a  cooled  strong 
solution  of  chloral  hydrate ;  one  half  of  the  liquid  is  saturated  witli  potash,  then 
mixed  with  the  other  half;  and  the  solution  is  left  to  evaporate,  whereupon  potassium 
triehloracetate  crystallises  out  in  octohedrons.  (6.)  Chloral  hydrate  is  mixed  with 
8-4  times  its  weight  of  Aiming  nitric  add,  and  the  Hquid  is  left  to  itself  for  3  to  16 
days,  according  to  the  temperature  and  the  brightness  of  sunshine  to  which  it  is  ex- 
posed. On  distillation  the  boiling  point  rises  to  196^,  where  it  remains  constant.  A 
clf«r  distillate  is  thus  obtained  which  solidifies  at  44*8^,  with  a  rise  of  temperature  to 
62*4^.  ^See  also  Tommasi  a.  Meldola,  Chmn.  Soe.  Jour.  [2],  xii.  314).  (c.)  The  con- 
centrated solution  of  1  mol.  potassium  pennanganate  and  2  mols.  chloral  hydrate  are 
mixed  together,  whereby  acid  triehloracetate  of  potassium  is  produced ;  and  the  solu- 
ticm  of  uiis  salt,  freed  by  filtration  from  brown  manganese  oxide,  is  distilled  with 
concentrated  phosphoric  acid ;  the  liquid  which  passes  over  at  196°  consists  of  pnra 
trichloracetic  acid  (Clermont). 

c2 
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The  metallic  trichloracetates  are  oBiiallj  prepared  by  nentrallBing  the  car- 
bonate! or  ozidee  with  trichloracetic  add.  Clermont  haa  also  prepared  the  neutral 
and  acid  potassium  salts  by  oxidising  chloral  with  potassium  permanganate ;  these 
salts  are  nearly  all  crystallisable,  but  decompose  when  their  aqueous  solutions  are 
heated.  They  ma^  be  crystallised  b^  evaporation  over  caustic  lime,  or  sulphuric 
acid,  or  by  exposing  saturated  solutions  to  the  varying  temperature  of  day  and 
night 

The  trichloracetates  of  iron  and  cobalt  are  not  crystalline ;  the  neutral  potassium, 
calcium,  and  thallium  trichloracetates,  crystallise  in  needles ;  the  acid  potassium,  am- 
monium, and  thallium  trichloracetates,  in  octohedrons;  the  neutral  ammonium, 
lithium,  strontium,  nickel,  and  lead  salts  form  prismatic  crvstals ;  the  barium,  zinc, 
and  silver  salts  crystallise  in  small  tables;  sodium  trichloraoetate  resembles  the 
acetate,  and  copper  trichloraoetate  has  a  form  similar  to  copper  sulphate,  while  the 
magnesium  and  aluminium  salts  form  crystalline  crusts. 

The  merettrous  aalt,  (0'Ol*0*yH^,  falls  as  a  white  precipitate  on  mixing  |)ota8sium 
trichloraoetate  with  mercurous  nitrate ;  b^  washing  it  quickly,  dissolring  it  in  a  large 
quantity  of  water,  and  leaving  the  solution  to  evaporate,  it  is  obtained  in  tufts  of 
small  crystals.  The  mercurie  mU,  ((?a*0*fHg,  crystallises  from  a  solution  of  yellow 
mercuric  oxide  in  trichloracetic  acid  in  prismatic  needles,  slightly  soluble  in  water, 
easily  in  alcohol  and  ether.  The  gino  salt,  (G*01*0')%i+6HH),  separates  from 
solution,  after  prolonged  exposareover  lime,  in  shining  micaceous,  very  deliquescent 
laminse.  TrieJUoraoetate  of  urea,  C^C1'0*.C0N*H«,  separates  in  brittle  plates  f^m  a 
mixture  of  the  solutions  ik  trichloracetic  acid  and  urea  in  absolute  alcohol  (Clermont). 

Potassium  trichloracetate  heated  with  bromine  to  110^-120®  in  sealed  tubes  for 
six  hours  is  decomposed,  with  formation  of  bromotriohloromethane: 

Ca".CO*K  +  Br«  -  Ca"Br  +  CO*  +  KBr. 

A  small  quantity  of  carbon  trichloride,  COl*,  appears  also  to  be  Ibrmed. 

Cklonns  ana  iodine  ekloride  act  but  very  slowly  on  potassium  trichloracetate  under 
similar  circumstances,  yielding,  after  prolonged  heating,  only  a  small  quantity  of  a 
heaTj  oil,  probably  CCl*.  With  iodine,  a  small  quantity  dT  a  crystalline  body  is 
obtamed  resembling  0*01',  and  probably  consisting  of  the  corresponding  iodine  com- 
pound (van't  Hoff.,  Ikut,  Chem,  Qes.  Ber.  x.  678). 

Trichloracetic  add  is  converted  by  PCI*  into  trichloracetyl  chloride,  CCl'O.Cl 
(b.  p.  118^);  by  bromine  and  phoe^^orua,  into  CBr'CBr.  When  phosphorue  iri4odide 
is  added  to  fhsed  trichloracetic  add,  hydrogen  iodide  and  much  firee  iooine  are  evolved, 
and  a  brown  distillate  is  obtained,  which  is  nearly  decolorised  hj  mercury,  and 
appears  to  boil  at  about  180^.  It  is  decomposed  sbwly  by  water,  quiddy  by  alcohol, 
with  formation  of  ethylic  trichloracetate  CK,  Gal,  Compi,  rend,  Ixxvi.  774). 

On.  the  decomposition  of  ethyl  trichloracetate  by  sodium  ethylate,  see  Klien 
(Jenaieche  Zeiieokr,/.  Naiurw.  x.  68 ;  Chem.  Soo.  Jour.  1877,  i.  291). 

cnuorobromaoette  AoiO*  C*HH)lBrO'  »  CHClBr*--COOH.  — Produced  by 
heating  1  mol.  monochloracetic  add  with  2  at.  bromine  in  sealed  tubes  to  160^,  opening 
the  tubes  firom  time  to  time  to  relieve  the  pressure  of  the  evolved  hydrogen  bromide, 
and  afterwards  heating  the  mixture  till  the  reaction  is  complete.  The  transparent 
and  colourless  product,  which  boils  at  200^-230^,  yields,  by  fractional  distillation,  pure 
cblorobromacetic  add,  boiling  at  201^.  The  add  does  not  crystallise;  it  has  a 
pungent  odour,  and  destroy  the  epidermis.  All  its  salts  are  esdly  soluble  in  water ; 
the  tUver  salt  crystallises  m  needles,  and  its  solution  quickly  decomposes,  with  separa- 
tion of  chloride  and  bromide  of  silver. 

EUhi/l  chlorobromacetaie  is  easily^  produced  by  heating  an  alcoholic  solution  of  the 
acid  in  a  reflux  apparatus  standing  in  the  water-bath.  It  is  a  colourless  liquid,  bdling, 
with  partial  decompodtion,  at  160^-168^,  and  having  an  agreeable  odour  of  pepper- 
mint. Treated  with  aqueous  ammonia,  it  yields  the  amide,  OHdBr— OONH*, 
which  crystallises  in  long  needles,  melting  at  126^  (Cech  a.  Steiner,  Deut,  Chem,  Gee, 
Ber.  Till  ll7i). 

AOBnO  S&OMZBB  or  AOBXT&  BROIIZBB,  C*H*OBr.  This  body  unites 
with  aldehyde,  CH^O,  forming  the  compound  O^H^rO*,  which  is  also  produced  by 
the  action  of  phosphorus  pentabromide  on  aldehyde.  It  boils  with  partial  decomposi- 
tion between  186®  and  146®  (Tawildarow,  Deui.  Chem.  Gee,  Ber,  vii.  731). 

Acetyl  bromide,  heated  to  100®  in  a  sealed  tube  with  methyl  eulpMde,  yields  a 
heavy  od,  which,  on  cooling,  depodts  crystals  of  trimethylralphine,  the  remaining 
liquid  apparently  condsting  of  methyl  thiaoetate : 

CH«COBr  +  2(CH»)«S  -  (CH»)«SBr  t  CH»,COS(CH«) 
(Ckliotfn,  Compt.  rend,  ixxip.  1163). 
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IHekioracgtyl  hromidg,  OKIl'OBr,  fbrmed  by  the  action  of  bromine  and  amorphons 
phosphorns  on  triehloraeetic  add,  boila,  after  rectification,  at  143^,  and  is  decomposed 
by  water,  with  formation  of  trichloracetic  acid,  by  alcohol  with  formation  of  ethyl- 
trichloraoetote  (Gal,  Bull,  806,  Chim,  [2],  zx.  41). 


ACmTZO  OS&OKZ9B  or  AOBXT&  OmtMMXDm.^Jetum  of  Zme.— 
Oerhardt  obtained  by  this  reaction  a  brown  amorphous  product^  together  with  zinc 
chloride ;  Tonunasi  a.  Qoesneyille  (Oompt  rend.  tixn.  496)  hare  obtained  a  body 
which  they  term  acetf^ide,  haying  the  comj^tion  C'H'H)*.  It  may  be  purified  by 
evi^porating  off  the  excess  of  acetyl  chloride,  dissdTing  the  residue  in  idcohol,  and 
precipitating  with  water,  the  process  bein^  repeated  sereral  times.  It  is  soluble  in 
alcohol,  ether,  hydrochloric  add,  foming  nitric  add,  acetic  anhydride,  and  chloroform ; 
combines  with  bromine;  does  not  reduce  cupropotassic  tartrate. 

Tommaai  a.  Quesneyille  suppose  that  this  body  is  formed,  together  with  water  and 
acetic  add,  by  the  reaction — 

lOC«H«Oa  +  6Zn  -  6Zn01»  +   2HH)  +  20»H«0»  +  0'«H"0\ 
and  attribute  to  it  the  structure — 

C52H"0— C»H«— C*H*— C»H«— 0 

Jdum  <m  NUnUea  cmd  Niiriiea, — Silyer  nitrate  is  immediately  attacked  by  aceuc 
chloride  with  eyolution  of  heat,  the  products  being  acetic  anhydride,  together  with 
diver  chloride,  nitrogen  tetrozide,  and  free  chlorine : 

20«H"0C1  +  AgNO"  -  AgCl  +  NO*  +  a  +  (C«H»0)«0. 

Similar  results  are  obtained  with  other  nitrates.  Mercuric  nitrate,  lead  nitrate^  and 
potasnum  nitrate  are  attacked  immediately;  barium  nitrate  is  not  affected,  but 
caldum  nitrate  is  readily  acted  upon  by  acetic  chloride.  In  the  case  of  potasnum 
nitrate,  the  gas  erolyed  at  the  beginning  of  the  reaction  consists  almost  wholly  of 
chlorine,  the  nitrogen  tetroxide  appearing  only  towards  the  end. 

PotasBium  mtriU  is  readily  attacked  by  acetic  chloride,  giving  off  a  gas  which 
resembles  chlorine  in  appearance,  but  appears  to  condst  of  nitrosyl  chloride.  Towards 
the  end  of  the  reaction  nitrogen  dioxide  is  also  given  off.  The  reaction  probably 
takes  place  in  two  stages,  according  to  the  equations : 

0»H"Oa  +   NO*K       -  NOa  +  0»H»0«K 
C«H»Oa  +  C»H«0«K  -  Ka     +  (C5«H«0)»0 

(Armstrong,  Chem,  Soe,  J,  [2],  xi.  688). 


AOBTXO  OZZBB  or  AVBTSKZHB,  (0*H*0)K).— Bespecting  the  action  of 
this  compound,  hnd  of  acetic  add,  on  ammonium  tmocyanate,  see  PuiTHiocTAino 
Ano  and  Tkioctanatbs. 

AOSTZO  raOflVKZUBS  (A.  Steiner,  DetU,  Chem.  Gu,  Ber.  viii.  1178).— 
The  compound  CH'O.PH',  analogous  to  acetamide,  does  not  appear  to  be  formea  by 
the  action  of  acetic  chloride  on  phosphine,  the  .only  products  of  this  action  being 
hydrochloric  add  uid  solid  phosphide  of  hydrogen. 

iionoekloraeeHo  Phosphide,  0«H«C10JPH«  =  CBPCl— COPH»,  is  prepared  by 
passing  phosphine  gas  into  monochloracetic  chloride  as  long  as  the  gas-bubbles  can 
make  their  way  through  the  resulting  mass.  This  mass  is  then  kneaded  in  a  mortar 
with  cold  water,  till  it  falls  to  a  uniform  yellowish-white  powder,  which  is  then  dried 
in  a  vacuum,  dissolved  in  ether-alcohol,  and  the  solution  is  evaporated  under  the  air- 
pump. 

monochloracetic  phosphide  is  a  white  powder  with  a  tinge  of  yellow ;  in  the  moist 
state  it  is  dowly  resolved  into  phosphine  and  chloracetic  add : 

0»BW310JPH»  +  HK)  -  PIP  +  CraKJlO.OH. 

Its  alcoholic  iolutioii,  evaporated  over  the  water-bath,  leaves  a  strongly  add  syrup, 
which  no  longer  solidifies.  The  phosphide  heated  on  platinum  foil  takes  fire  and 
leaves  a  reddue  of  charcoal. 

Triehhraoetio  Phosphide,  OKn*O.PH^,  also  called  Chloracetvphide,  was  obtained  by 
Cloes  in  1846,  by  the  action  of  phosphbe  on  trichloracetic  chloride,  and  on  ethylio 
perehlorofomiate,  001(0*01*^0*,  whidi  splits  up  when  heated  into  carbonyl  chloride 
Mad  trichloracetic  ebloride  (1,  979), 
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1  part  of  picric  acid  and  4  parts  of  acetic  anhydride  are  heated  in  a  reflnx-aroaiBtns  for 
two  hours,  a  yellowish  liquid  is  obtained,  which  consists  of  acetic  anhydride  holding 
acetyl  picrate  in  solution.  On  adding  water,  this  compound  is  precipitated  as  a  yel- 
lowish-white ciystalline  powder,  whidi  is  to  be  washed  with  water  and  dried,  first  by 
pressure  and  then  in  a  vacuum.  Acetyl  picrate  melts  at  75^ — 76^,  becoming  pale 
yellow  and  oily ;  at  120®  it  ^tm  off  acetic  acid ;  at  180®  it  darkens,  and  at  260®  it 
completely  decomposes.  It  is  soluble  in  ether,  alcohol,  and  ethyl  acetate,  in  sulphuric, 
nitnc,  and  hydrochloric  acids.  A  few  hoars'  exposure  to  air,  and  even  less  wnen  in 
contact  with  water,  causes  it  to  become  yellow,  owing  to  partial  decomposition.  With 
an  alkali  it  splits  up  into  picrate  ana  acetate  of  the  alkali-metal  The  ethereal 
solution,  when  evaporated,  deposits  beautiful  crystals  of  a  deep  yellow  colour.  Acetyl 
picrate  does  not  detonate  when  struck,  unless  mixed  with  potassium  chlorate,  in  which 
case  it  explodes  with  violence  (Tommasi  a.  David,  Compt  rmuL  Ixxvii.  207). 

JLOmntEO  BVXJPSITBt  or  AOaTT&  8irXJPSITB«  (0'H*0)%0*,  is  obtained 
by  dropping  acetic  chloride  on  dry  lead  sulphite,  and  subsequent  distillation.  It  is  a 
colourless,  strong-smeUinff  liquid,  which  is  decomposed  by  water  into  sulphurous  and 
acetic  acids  (Tommasi,  CMm,  Newi.  xxix.  260). 


AOBTO-AOBTZO  BTBXBS.    See  p.  11 . 

A0BT00SXrf>mBT»K08B,  C«H'(C>H*0)«aO'.— On  the  action  of  nitric  add 
on  this  body,  see  Qlucosx,  under  Suoabs. 

OC«H"0 


AOBTOCMEiTOOZiOBXrf^SBnmnr,  C«H<  {  ^^  -^  ^  is  produced  by  heat- 
ing 1  part  of  ethylene  hydrochloride  (glycol-chlorhydrin),  G'H^Iq.  ,  with   1^  part  of 

acetic  anhydride  to  1 10®  in  a  sealed  tube  (Ladenburg  a.  Demole,  Dent,  Chem,  Gee, 
Ber.  vi.  1023). 

AOBTOWB»  C0(011*y.-'F<yrnuUu>n/r<m  Glyeerin.  The  product  CHKIl'BrH), 
obtained  by  the  action  of  oromine  on  dichlorhydnn,  is  slowly  converted  into  acetone 
by  the  action  of  sine  and  dilute  sulphuric  acid  at  about  40®,  a  brominated  compound 
fprobably  isopropyl  bromide)  being  formed  at  the  same  time  (Lange,  DaU,  Chem.  Ges, 
Ber.  vi.  98). 

Bea4!tion  with  Cyanides  and  Thioctfanates, — On  adding  hydrochloric  acid  to  a 
mixture  of  potassium  cyanide,  potassium  thiocyanate,  and  acetone,  the  compound 
CtH'0<NS  is  obtained— 

0*H«0  +  KCN  +  KCNS  +  HK)  +  8HC1  «  C»H'0«NS  +  2Ka  +  NHKJL 

When  heated  with  hydrochloric  acid,  it  is  resolved  into  acetonic  acid,  carbonic  anhy- 
dride, and  ammonia.  With  silver  nitrate  it  yields  the  silver  derivative,  G*H*AgO*NS 
(Urech,  Deut,  Chem,  Gee,  Ber.  vi.  1113). 

On  the  Condensation-products  of  Acetone,  see  Mbsfttl  Oxidx  and  Fhqboks. 

Bbqmacbtonbs. — Monobromacetone  is  obtained  by  adding  the  required  quantity  of 
bromine  to  a  solution  of  one  part  of  acetone  in  10  parts  of  water.  It  is  a  colourless, 
zefraetive  liquid  having  a  very  irritating  smell ;  it  is  decomposed  by  heat,  but  may 
be  distilled  with  steam ;  it  forms  a  ciystalline  compound  with  add  sodium  sulphite, 
and  a  crystalline  but  veiy  unstable  compound  with  dry  ammonia,  while  aqueous 
ammonijk  converts  it  into  basic  compounds.  Dibromacetone  has  a  less  pungent  smell, 
and  combines  with  add  sodium  sulphite.  On  adding  bromine  to  a  well-cooled 
aqueous  solution  of  acetone,  the  compound  CH'OBr*  is  formed,  wbich  has  previously 
been  observed  by  linnemann ;  it  explodes  when  freed  from  water  (Sokolowsky, 
Bmt.  Chem,  Gee,  Ber,  ix.  1687 ;  compare  let  Suppl.  27;  2nd  Sttppl.  13). 

GKi.oBAOBT02rB8(Eraemer,  Deut.  Chem,  Gee,  Ber,  vii.  262;  Barbaglia,  Mi  vii. 
467 ;  0.  Bischoff,  ibid,  viii.  1329).  The  products  obtained  by  the  action  of  chlorine 
on  acetone  differ  according  to  the  degree  of  purity  of  the  acetone  employed.  With 
perfectly  pure  acetone  separated  from  the  bisulphite-compound,  the  chforination  does 
not  go  beyond  trichloracetone,  whereas  with  the  so-called  pure  acetone,  found  in 
commerce,  which  boils  at  56®-68®,  and  still  retains  methyl  alcohol  not  separable  by 
fractionation  or  by  calcium  chloride,  the  chlorination  goes  as  high  as  tetrachlor- 
acetone.  Commercial  acetone  is  also  more  readily  attacked  by  chlorine  than  the 
pure  compound,  and  assumes  a  g2^n  colour  at  an  early  sta^  of  the  reaction,  whereas 
^nra  acetone  remains  colourless  till  completely  saturated  with  Ahlnrine  (Bischoff). 
According  to  Grabowski  (Beut,  (^!em.  Gea.  Ber.  viii.  \\^%^,  iiVi«a  ^^ha  «AtiUAft 
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(b.  p.  56^-67^)  ii  tnated  with  dzy  chlorine  at  ordinaiy  temperatures,  then  heated  to 
100^  in  the  stream  of  chlorine,  and  lastly  distilled,  large  quantities  of  water  and 
dichloracetone  pass  oyer  below  170^,  and  then  between  170^  and  180^  a  liquid, 
which  when  treated  with  a  reiy  weak  solution  of  potassium  dichromate  and  sulphuric 
acid,  then  washed  with  water,  with  dilute  potash,  and  again  with  water,  and  after- 
wards dried  over  calcium  chloride  and  sereral  times  fractionally  distilled,  ultimately 
yields  a  nearly  colourless  liquid  of  sp.  gr.  1*380  at  29®,  boiling  at  186^  and  having 
the  oomposition  of  amylic  chloral,  0*H'C1*0,  yapour-density  6*55  (calc.  6*9).  The 
fonnation  of  this  compound  may  be  represented  hj  the  equation : 

6C»H«0  +  7a«  -  30»H»C1"0  +  6HC1  +  2H*0. 

The  portion  of  the  original  distillate  boilinff  between  180^  and  210^  was  decolor- 
ised by  chromic  acid  mixture,  then  washed  with  water,  and  distilled  with  over-heated 
steam  at  180®,  whereby  a  nearly  colourless  liquid  was  obtained,  which  passed  over 
between  200®  and  280®,  and  was  separable  by  repeated  fractional  distillation  into 
six  portions,  boiling  respectively  below  200® ;  between  200®  and  205® ;  205®  and 
210®;  210®  and  215®;  215®  and  220®;  and  above  220®;  the  thermometer  remaining 
constant  for  the  longest  time  between  210®  and  215®.  This  fraction  exhibited 
nearly  the  composition  and  vapour-density  of  trichloromesityl  oxide,  OH^Cl'O  (vap-. 
dens.  obs.  7*55 ;  calc  7*05).  This  compound  is  a  nearly  colourless  heavy  liquid,  boiling 
at  206®-208®,  and  having  a  sp.  gr.  of  1*326  at  26®,  and  a  sharp  pungent  odour 
like  that  of  dichloracetone.  It  becomes  violet-coloured  during  distillation,  but 
colourless  again  on  cooling.  Strong  potash  attacks  it  violently,  forming  a  brown 
resinous  product,  having  an  aldehyddc  odour.  Strong  sulphuric  acid  decomposes  it 
completely,  with  evolution  of  hydrochloric  acid.  Its  formation  is  represented  by  the 
equation  * 

2C»H«0  +  3C1»  «  C«H'aH)  +  3Ha  +  H»0. 

lUOIilortteetone,  CH^CIK).  This  compound  is  obtained  very  nc«rly  pure  by 
saturating  pure  acetone  with  dry  chlorine  at  low  temperatures.  The'hydrochlonc 
acid,  which  is  absorbed  by  the  product  in  considerable  quantity,  is  most  easilv  re- 
moved by  digestion  in  an  apparatus  with  refliix  condenser.  The  resulting  liquid, — 
which  is  perfectly  colourless,  begins  to  boil  at  125®,  and  passes  over  for  the  most  part 
at  130® — ^yields,  after  a  few  fractionations,  perfectly  pure  dichloracetone,  as  a  liquid 
boiling  at  120®,  and  having  an  agreeable,  somewhat  pungent  odour,  with  sweet  after 
flavour. 

If  the  acetone  be  not  well  cooled  during  the  passage  of  the  gas,  or  the  chlorine 
not  absolutely  dry,  and  if  the  product  be  finally  warmed  and  saturated  with  chlorine 
in  sunshine,  trichloracetone  is  likewise  formed  in  quantity  about  equal  to  that  of  the 
dichloracetone.  Acetone  containing  methyl  alcohol  likewise  yields  dichloracetone 
when  treated  as  above,  but  the  product  consists  chiefly  of  the  more  highly  chlorinated 
acetones. 

Dichloracetone  admits  of  two  modiflcations,  viz. : 

&rmmetrical CBPCl— CO— CHKJl 

Unsymmetrical CHCl*— CO— CH«, 

the  latter  being  formed,  as  above  described,  by  the  action  of  chlorine  on  acetone,  the 
former  by  oxidation  of  symmetric  dichlorhydrin  (2nd  Suppl.  14).  Both  of  these 
varieties  admit  of  polymerisation,  the  unsymmetricid  variety  apparently  in  two  modi- 
flcations, the  symmetrical  in  one. 

Unst/mtMtrical  Polymerides, — "E.  Mulder,  in  preparing  ordinary  dichloracetone  by 
the  electrolysis  of  a  mixture  of  acetone  and  hydrochloric  acid,  obtained  also  an 
isomeric  body  boiling  at  135®-!  40®,  which  he  called  isadiehloracettme  (^Deut.  Chem, 
€ha,  Ber,  v.  1009).  The  same  modification  has  been  separated  by  Bischoff,  f^m  the 
portion  of  the  product  of  the  action  of  chlorine  on  acetone  at  low  temperatures,  -Which 
boils  at  130®-160®,  and  is  intermediate  in  composition  between  di-  and  tri-chlorace- 
tone.  On  mixing  this  liquid  with  water,  and  exposing  it  for  some  time  to  a  low  tem- 
perature, a  solid  hydrate  of  trichloracetone  separated  out,  and  the  remaining  liquid, 
subjected  to  repeated  fractional  distillation,  yielded  successively  portions  boiling  at 
140®-160®,  135®-140®,  and  132®-135®.  The  composition  of  these  products  was  as 
follows : — 
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The  first  portioD  is  intermediate  in  composition  between  di-  and  triehloracetone. 
The  second  and  third  have  the  composition  of  dichloracetone,  and  are  regarded  by 
Bischoff  as  a  poljmeride  of  the  nnsTmmetric  modification  of  that  tsomponnd. 

A  solid  poljmeride  is  described  by  Barbaglia  (Deut,  Chem,  Ges,  ner.  yu.  467)  as 
likewise  formed  by  the  action  of  chlorine  on  acetone  at  low  temperatures.  Chlorine 
ffiB  was  passed  into  acetone  kept  cool  by  a  mixture  of  ice  and  salt,  in  diffhsed  day- 
light, till  the  weight  of  the  liquid  had  increased  by  about  two-thirds.  The  crude 
product  was  thrown  into  oold  water,  and  neutralised  with  marble,  and  the  liquid  was 
then  distilled  with  steam.  The  distillate  formed  two  layers,  the  lower  of  which  was 
dehydrated  by  calcium  chloride,  and  submitted  to  fractional  distillation.  The  nn- 
altcffed  acetone  was  again  acted  upon  by  chlorine,  and  the  total  product  divided  by 
fractional  distillation  into  six  parts.  In  the  part  obtained  between  140^  and  170^ 
large  fine  prisms  appeared  in  the  course  of  a  few  hours,  having  a  melting  point  of 
44®.  These  crystals  aro  easily  sublimed,  and  volatilise  in  the  air.  They  aro  insolu- 
ble in  water,  but  easily  soluble  in  aloohol  and  ether.  The  alcoholic  solution  shows 
Tery  clearly  the  phenomenon  of  supersaturation.  The  crystals,  well  dried  between 
filter-paper,  aro  inodorous,  and  give  by  analysis  numbers  agreeing  with  the  formula 
of  dichloraeetone. 

Three  determinations  of  rapouiHlensity,  made  with  Hofmann's  apparatus,  at 
108®,  and  with  di£fennt  quantities  of  substance,  gave  the  numbers  69*67,  79*72,  and 
113*35  (H-1);  the  formula  C^R^K)  requiring  63*5,  and  0*H*a«0*  requiring 
127.  These  numbers  show  that  the  substance  had  not  been  completely  volatilised ; 
but  they  indicate  also  that  its  constitution  is  polymolecular  ana  probably  bimole- 
cular. 

SymmUrioal  P^lffTneridM, — In  proparing  synimetrical  dichloraeetone  by  the  oxida- 
tion of  dichlorhydnn,  Bischoff  obtained  an  oily  distillate  of  pungent  odour,  which, 
after  a  considerable  time,  changed  into  white  crystals,  giving  by  an^ysis  55*7  per  cent, 
chlorine,  the  formula  of  dichloraeetone  requiring  55*9.  As  Glutz  a.  Fischer  ^2f^d 
Supfl,  14^  found  the  boiling  point  of  this  liquid  modification  to  be  between  170®  and 
171  »  it  is  doubtless  a  pol^eric  symmetrical  dichloraeetone;  and  the  crystalline 
modification  formed  from  it  is  probably  also  a  polymeride  (Bischoff). 

The  number  of  known  modifications  of  (Uchloracetone  appears,  therefon,  to  be 
five,  namely: — 

1.  Uns^inmetrical  dichloraeetone,  G*H«C1H),  boiling  at  120®. 

2.  liquid  polymeride  thereof  „        „  135® — 140®. 

3.  Solid  „  „  „        „  140®— 170®. 

4.  Symmetrical  polymeride,  liquid  „        „  170® — 171®. 

5.  „  „  solid  „        „ 

Thero  is,  however,  some  uncertainty  about  the  existence  of  the  solid  unsymmetrical 
polymeride  described  by  Barbaglia,  as  Bischoff  was  unable  to  obtain  it. 

Diehloracetone-cyanhydrin,  0*H»a«NO  «  ^2C1,]>00H— CN    (Bischoff, 

Deui.  Chem.  Ges,  Ber,  viiL  1333). — ^Dichloraeetone  (b.  p.  120®),  mixed  with  an  excess 
of  strong  aqueous  hydrocyanic  acid,  dissolves  to  a  considerable  extent,  and  on  digesting 
the  mixture  for  some  time  in  a  reflux-apparatus  placed  in  a  water-bath,  the  whole  of 
the  dichloraeetone  is  gradually  dissolved,  forming  a  clear,  somewhat  yellowish  liquid, 
which  becomes  turbid  when  the  excess  of  the  h^(£rocyanic  add  is  evaporated  off  at  the 
heat  of  Uie  water-bath,  and  thero  finally  romains  a  fointly  yellowish  liquid,  which  at 
a  higher  temperaturo  splits  up  into  hydrocyanic  acid  and  dichloraeetone.  This  liquid, 
treated  with  alkalis,  gives  up  hydroc^nio  acid,  the  dichloraeetone  at  the  same  time 
turning  brown  and  decomposing,  with  formation  of  an  alkaline  chloride.  At  low 
temperatures  the  oily  liquia  deposits  soft  tabular  crystals,  which,  however,  cannot  be 
longproserved. 

To  analyse  this  compound,  the  oil  was  ropeatedly  dissolved  in  anhydrous  ether ; 
and,  after  the  ether  had  evaporated,  dried  over  calcium  chloride.  When  thus  purified 
it  gave  46*3  per  cent  chlorine,  and  8*9  nitrogen,  the  formula  C^HH^l'NO  requiring 
46*1  and  9*09.  The  body  is  thereforo  an  addition-product  of  hydrocyanic  acid  ana 
dichloraeetone,  analogous  to  those  formed  by  monochloracetone,  dilorai,  and  aldehyde 
(Ut  Swppl  75;  2nd  Suppl.  xvi.  310). 

Diohloraoetonie      or      Diehlorisohutyrie      Aeid,        C*H*C1*0*    ■• 

^^Qj^OOR— COOH(Bischofi^  ibid.  1334).    This  acid,  which  may  be  regarded  as 

an  addition-product  of  dichloraeetone  and  formic  acid,  is  produced  by  digesting 
dichloraeetone  cyanhydrin  at  the  heat  of  the  water-bath,  with  moderately  strong  hydro- 
cbloric  acid,  the  cyanogen-groixp  being  then  gradually  replaced  by  the  carboxyl-group : 
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CH^>COH-CN  +  Ha  +  2H«0  -  NH^Cl  +  (,^1>00H-C00H. 

Sereral  day^  digwtion  is  required  to  complete  the  reaction.  The  excesi  of  hTdrochloric 
acid  is  evaporated  oyer  the  water-bath,  water  repeatedly  added,  and  the  liquid  again 
evaporated  down  till  the  residne  no  longer  contains  any  free  hydrochloric  acid.  By 
dissolving  this  residue  in  ether,  and  leaving  the  ether  to  evaporate,  a  brownish  oily 
liquid  is  obtained,  having  a  strong  and  pure  acid  taste,  and  solidifying  after  a  while 
to  a  crystalline  mass ;  and  by  redissolvin^  this  mass  in  ether,  and  deoobrising  with 
animal  chazooal,  the  dichloraoetonic  add  ur  obtained  in  cauliflower  g^roups  of  prisms 
having  a  splendid  silky  lustre,  or,  by  addition  of  alcohol  to  the  eth^eal  solution  and 
gradual  evaporation,  in  short  thick  prisms.  It  melts  at  82^-88^,  decomposes  more  or 
lees  when  distilled,  but  may  nevertneless  be  sublimed,  and  is  deposited  on  the  sides 
of  the  vessel  in  radiate  groups  of  prisms. 

Ammommn  dkhloraceUmate  is  produced  by  neutralising  the  add  with  ammonia, 
both  being  dissolved  in  alcohol,  and  solidifies  after  a  while  to  a  satiny  crystalline 
mass  of  felted  prisms,  or,  in  presence  of  a  larger  quantity  of  alcohol,  in  crystalline 
crusts  formed  of  distinct  prisms.  This  salt  is  very  soluble  in  water,  and  decomposes 
when  the  solution  \a  heateo. 

The  potassimn  ioU,  prepared  in  like  manner,  separates  in  broad  needles  and 
crystalline  smsts ;  it  is  moderately  soluble  in  alcohol,  very  soluble  in  water,  and 
decomposes,  like  the  other  salts,  when  heated. 

The  altfer  aaU^  OH'AgClK)',  separates  on  adding  silver  nitrate  and  a  little 
ammonia  to  the  concentrated  solution  of  the  add,  as  a  white  precipitate  consisting 
of  small  prisms,  sometimes  growing  to  needles  of  considerable  length.  It  is  somewhat 
sparingly  soluble  in  cold  water,  and  separates  on  evaporation  at  oMinary  temperatures 
in  transparent  laminae.  On  heating  the  solution,  rapid  decomposition  takes  place, 
with  separation  of  silver  chloride,  and  the  undecomposed  salt  crystallises  in  rather 
large  prisms. 

The  hcaium  salt  is  formed  b^  saturation,  and  separates  on  evaporation  as  a  hydrated 
:rystalline  mass,  made  up  of  pnsms. 

Lead  $alts, — On  dissoMng  recently  predpitated  lead  carbonate  in  the  add,  and 
eavinff  the  solution  to  evaporate,  a  hyorated  neutral  lead-salt  separates  in  small 
yellowish  crystalline  spherules,  and  the  mother-liquor  yields  a  much  more  soluble 
basic  salt  in  groups  of  raUier  large  transparent  prisms. 

EtM  IHckloraceUmaU,  G«HK)1H)*.0^*,  is  produced  by  saturating  the  solution  of 
the  add  in  absolute  alcohol  with  dry  hydrochloric  acid  gas,  and  separates,  on  addition 
of  water,  as  a  brown  liquid.  It  is,  however,  partlv  decomposed  by  water,  and  is 
therefore  better  separated  by  evaporating  off  the  alcohol  and  hydroehloric  add  on  the 
water-bath.  On  attempting  to  distil  it,  the  thermometer  rose  quickly  to  220^,  but 
Uie  greater  portion  distilled  over  between  208^  and  215^  (BischofT). 

TliolilonMetone«  CHKH'O.  This  compound,  which  Bouii  obtained  by  the 
action  of  chlorine  on  crude  wood-spirit  containing  acetone  (i.  80),  is  also  formed  by 
passing  chlorine  into  pure  acetone.*  This  liquid,  previously  saturated  with  chlorine 
at  low  temperatures,  takes  up  on  exposure  to  sunshine,  or  when  heated,  a  large 
additional  quantity,  especially  if  the  chlorine  be  not  ^uite  dry,  the  product  intimately 
condsting  of  di-  and  trichloracetone,  boiling  respectively  at  120^  and  170^,  together 
with  small  quantities  of  intermediate  products.  Pure  acetone  does  not  form  anymore 
highly  chlorinated  products. 

The  fraction  boiling  at  165-176^,  solidified  when  mixed  with  water  and  exposed 
to  a  low  temperature,  in  splendid  tablets  and  short  prisms,  which,  after  washing  with 
water,  had  the  compodtion  of  trichloracetone-hydrate,  C"H"€1'0.2H'0,  and 
melted  at  48^  ;  and  on  passing  dry  hydrochloric  add  gas  into  the  fused  hydrate,  an- 
hydrous trichloracetone  was  obt^ned  boiling  at  170^-172^.  Pure  trichlorace 
tone  absorbs  water  rapidly  firom  the  air,  and  is  converted  into  the  hydrate.  It  does 
not  possess  the  intensely  pungent  odour  attributed  to  trichloracetone  by  Bonis  (L  80), 
which  in  &ct  belongs  to  another  chlorinated  derivative  of  acetone  (Bischo£^  Dmt, 
Ckem.  Get,  Ber,  viii.  1829). 

Trichkncetone  is  also  formed  by  the  action  of  chlorine  on  the  mixed  product 
obtained  by  oxidising  oommerdal  isobutyl  alcohol  with  chromic  add  mixture.  This 
product  contains  acetone  formed  from  the  isobutyl  alcohol : 

CH(OH«)«— CHK)H  +  0*  -  CO*  +  2H»0  +  CO(0H»)*; 

and  on  passing  chlorine  into  the  portion  of  the  liquid  which  boils  between  60^  and  70% 

*  It  is  not  produoed  by  the  action  of  dilorlne  on  pnn  methyl  alcohol :  banoe  the  trichloracetona 
ebtaiiied  by  Bonis  mtuA  luiTe  been  formed  from  acetone  contained  in  the  cmde  wood-spirit  on  whkdi 
Aeopenied. 
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neutralising  the  crude  product  with  calcium  carbonate  and  distillingi  a  diatilUte  is 
obtained  consisting  of  a  watery  and  an  oily  layer.  The  watery  layer,  evaporated  at  a 
gentle  heat,  yiel<u  crystals  of  trichloracetone  hydrate,  from  which  the  anhydrous 
compound  may  be  obtained  as  above  described ;  and  the  oil  separates  on  distillation 
into  monochloracetone,  trichloracetone,  and  its  hydrate  (Kramer,  Dent,  Ckem,  Oes. 
Ber,  vii.  262). 

Two  modiflcatiofiB  of  trichloracetone  are  possible,  represented  by  the  formule, 
CX31"—C0-XJH«  and  OH«Cl— CO—OHa*,  and  both  of  these  might  be  pro- 
duced by  further  chlorination  of  ordinary  dichloracetone,  CHCl^ — CO — CH"  (b.  p. 
120°).  They  may,  however,  be  distinguished  from  one  another  by  means  of  the 
reaction  with  alkalis  and  aniline  discovered  by  Hofmann  (2nd  St^l.  325),  whereby,  in 
the  case  of  compounds  containing  the  group  GOl',  phenprl-isocyanide  or  phenyl- 
carbimide  is  produced,  recognisable  by  its  intense  and  unmistakable  odour ;  and  in 
fact,  on  heating  a  ver^  small  quantity  of  the  trichloracetone  hydrate  obtained  as  above 
with  aniline  and  caustic  potash,  the  peculiar  odour  is  strongly  developed. 

Trichloracetone  may  then  be  regarded  as  methylated  chloral,  and  according  to  this 
constitution  it  might  be  expected  to  be  resolved  by  water  or  dilute  alkalis  into  acetic 
add  and  chloroform,  aocconling  to  the  equation  : 

COl"— CO— OH"  +  H«0  =  OH"— COOH  +  Oa"H. 

The  reaction,  however,  takes  place  in  quite  a  different  way,  the  products  adnally 
obtained  by  heating  trichloracetone-hydrate  with  water  in  sealed  tubes  being  a  brown 
syrupy  suMtance  having  a  sweetish  taste,  together  with  hydrochloric  acid,  carbon 
duoxide,  and  a  small  quantity  of  acetic  acid,  but  no  chloroform.  It  seems  probable, 
therefore,  that  the  molecule  is  completely  split  up,  and  a  condensation-product  formed. 
Trichloracetone  has  lost  by  chlorination  so  much  of  the  aldebymc  and  ketonic 
characters  of  acetone,  that  it  no  longer  combines  with  alkaline  bisulphites.  It  unites 
however  with  hydrocmnio  aoid,  forming  trichloracetone-cyanhydrin,  which 
may  be  obtained  in  the  same  manner  as  the  corresponding  (^chlorinated  compound, 
in  the  form  of  a  yellow  oily  liquid,  smelling  faintly  of  its  two  components.  By  treat- 
ment with  hydrochloric  acid,  this  compound  is  converted  into  trichld  race  tonic 
acid,  a  Byz^Jt  uncrystallisable,  very  unstable  acid,  from  which  no  definite  salt  can  be 
obtained.  The  silver  salt  is  formed  as  a  white,  moderately  soluble  precipitate,  on 
adding  silver  nitrate  till  no  farther  chlorine  reaction  is  perceptible,  and  then  adding 
ammonia.    The  acid  is  very  easily  decomposed  by  alkalis  (Bischoff)* 

TetraoMoraoetoiM.  C'H'Cl^O  (Bischoff  loe,  cit.) — This  compound  is  not 
formed  from  pure  acetone,  but  it  is  produced,  together  with  the  lower  chloracetones, 
by  the  action  of  chlorine  on  acetone  containing  methyl  alcohoL  When  chlorine  is 
passed  into  this  impure  acetone,  the  liquid  becomes  red,  brown,  yellow,  and  yellowish- 
green,  and  there  frequently  separates  from  it,  even  long  before  saturation,  an  oil 
which  deposits  hard  crystals  insoluble  in  water.  These  crystals  consist  of  the  so-called 
cJdoromesitate  qf  methylene,  which  Bonis  obtained  by  the  action  of  chlorine  on  wood- 
^irit,  and  were  regarded  by  him  as  a  compound  of  methylic  oxide  and  dichloracetone. 
^e  real  nature  of  this  body  has  not  yet  been  determined.  Bischoff  however  finds, 
contrary  to  the  statement  of  Bonis,  that  it  has  no  influence  on  the  further  products  of 
the  reaction,  which  in  fact  goes  on  in  just  the  same  wav  after  it  has  been  removed. 

As  the  saturation  with  chlorine  proceeds,  the  product  becomes  more  oily,  water 
collects  on  the  surface,  and  hydrochloric  acid  e8cu>es  in  lai^  quantity,  ^e  final 
product,  washed  with  water>-(whereby,  however,  large  quantities  are  dissolved  and 
lost)— and  dried,  gave  bv  analysis  numbers  quite  irreconcilable  with  the  formula  of 
trichloFBcetone — of  which  Bonis  supposed  it  to  consist — and  in  fact  not  leading  to  any 
definite  formula.  To  avoid  the  great  loss  occasioned  by  washing  with  water,  Bischoff 
heated  the  product  in  a  refiux-apparatus  to  expel  hydrochloric  acid,  then  dried  the 
liquid,  which  by  this  time  had  become  black,  and  submitted  it  to  fractional  distillation. 
Small  quantities  of  dichloracetone  then  passed  over  at  120°,  the  greater  portion  of  the 
product  at  130°-220°,  the  residue  suddenly  splitting  up  at  this  last  temperature, 
giving  off  intensely  irritating  vapours  and  laige  quantities  of  hydrochloric  acid,  and 
leaving  a  spongy  carbonaceous  mass.  The  distillate  was  then  farther  separated  into 
three  portions,  passing  over  at  130°-160°,  160°-180°,  and  180°-210°,  the  middle  por- 
tion being  by  fu  the  laigest ;  and  those  fractions  were  further  separated  into  smiuler 
fractions,  which  were  exposed  to  a  low  temperature  in  contact  with  water,  the 
crystalline  films  being  removed  as  they  formed,  and  the  remaining  oil  again  ex- 
posed to  cold  in  contact  with  water.  By  this  treatment,  the  fraction  160°-180° 
yielded  three  products,  the  first  of  which  was  pure  tridiloracetone  hydrate, 
0'H'C1*0.2H^ ;  the  third  nearly  pure  tetrachloracetone-hydrate, 
0'HKJ1K).4HK),  and  the  second  a  compound  of  the  two,  having  the  composition 


ACETONE,  AMMONIADBRIVATIVES  OP.  27 

On  pMsing  dzy  hydrochloric  acid  gas  into  this  last  h/diate  in  the  ftned  state,  the 
water  is  remored,  and  a  liquid  remains  haying  the  composition  CHKDl'O^  and 
separable  by  distillation  into  tri-  and  tetrachloracetone. 

That  the  OTstalline  body  CH^'Cl^O*  is  really  a  definite  componndi  and  not  a 
mere  miztnre  of  the  hydrates  of  tri-  and  tetraehloraeetone,  is  shown  by  its  stability 
when  recrystallised  by  refrigeration,  by  its  melting  point,  which  is  below  those  of  the 
hydrates  of  tri-  and  tetrachloracetone,  and  by  the  constancy  of  its  composition. 

TOnufklaractfone  BydtaU,  CPHKlll^O.iH^O.— The  liquid  remaming  after  the  com- 
poond  hydrate  just  described  has  crystallised  oat,  solidifles  in  laige  prisms,  agreeing 
in  external  characters  and  in  composition  with  the  tetracfaloracetone-hydrate  described 
by  Bonis.    It  melts  at  88^-^9^. 

Anhydrous  tetrachloracetone  is  obtained  by  passing  dry  hydrochloric  acid  gas  into 
the  fused  hydrate.  It  is  an  extremely  volatile  bodjr,  haviDgan  intensely  pungent  odour, 
and  TolatUising  with  vapour  of  water,  to  which  it  also  imparts  its  oidour.  Heated 
with  aniline  and  potash,  it  yields  phenyl  isocyanide;  hence  its  constitution  is 
Od' — CO — GHKJl.  It  absorbs  water  with  extreme  rapidit]r,  but  the  resulting 
hydrate  remains  for  some  time  in  a  state  of  surfosion,  fiom  which  it  passes  into  the 
crystallised  state  when  touched  with  a  glass  rod. 

There  appears  also  to  be  another  hydrate  of  tetrachloracetone,  oontaiDing  less  than 
4  mols.  of  water ;  for  when  the  crystals  of  the  tetrahydrate  are  left  over  oil  of  vitriol 
they  become  opaque  and  covered  with  a  thin  fblted  crystalline  web,  which  disappears 
quickly  on  exposure  to  moist  air  (Bischoif). 

AUum  of  Water  and  Silver  Oxide  on  the  Chlorinated  and  Brommated  Ikrivaiiffee  of 
Acetone, — Tiinnemann  observed  some  time  ago  that  formic,  acetic,  and  propionic  acids 
are  produced  when  moist  silver  oxide  is  added  to  a  mixture  of  acetone  and  bromine 
(1j^  Smppl,  27).  He  has  since  observed  the  foUowing  Ucte,  "When  silTer  oxide  is 
made  to  react  upon  an  aqueous  solution  of  monochloracetone,  a  silver  salt  is  formed, 
which  has  the  formula  C^H*Ag*0*,  and  can  be  converted  into  a  calcium  salt  containing 
C*H*OaO*  +  H'O.  When  pure  monochloracetone  is  heated  for  ten  hours  with  6>d 
volumes  of  water  at  a  temperature  of  220^-280^,  the  whole  of  the  chlorine  is  expelled 
as  hydrodiloric  acid,  and  a  non- volatile  acid  is  formed,  which,  after  the  removal  of 
the  hydrochloric  acid  and  silver,  and  concentration  over  sulphuric  add,  is  obtained  as 
a  glassy  msss  of  a  faint  yellow  colour.  This  substance  diffen  from  dioee  which  are 
obtained  by  the  action  of  silver  oxide.  When  dichloracetone  and  water  react  on  each 
other,  ordinary  lactic  add  is  formed  by  exchange  of  chlorine  for  hydroxyL 

A  r^wtition  of  the  experiments  on  the  action  of  moist  silver  oxide  on  bromine  and 
acetone,  with  perfectly  pure  acetone,  showed  that  the  only  volatile  fatty  adds  produced 
are  acetic  aad  and  a  small  quantity  of  formic  acid.    Oompare  Emmerling  {2nd 

Mono(uUoraeetone  and  monobromacetone  are  sometimes  regarded  as  haloid  deriva- 
tives of  the  hypotheticaal  pyroracemic  alcohol ;  thus : — 

Chloride,  and  also 
FyronoeBiio add.    Alddiyde?  Alcohol?       monoohlonu^etone. 

CH«  CT*  CH«  CH" 

CO  CO  CO  CO 

CO.OH  COH  CH«.OH  CH».C1. 

According  to  this  view,  the  replacement  of  the  bromine  of  monobromacetone  by 
hydroxyl  Bh<nild  actually  yield  pyroracemic  alcohol.  But  it  is  fbund  that  monobrom- 
acetone reduces  silver  oxide,  and  therefore  the  action  is  more  probably 
0*H»BrO+0-HBr-C^*0*,  yielding  pyroracemic  aldehyde,  which  by  the  fur- 
ther action  of  the  silver  oxide  is  oxidised  to  pyroracemic  add.  The  non-volatile 
add,  C^'H^'O*,  observed  by  Emmerling,  may  be  regarded  as  a  polymeride  of  pyro- 
racemic aldehyde. 

When  oxide  of  mercury  was  substituted  for  oxide  of  silver,  and  the  products  of 
the  reaction  were  treated  with  a  quantity  of  sodium-amalgam,  sufficient  to  convert 
any  pyroracemic  acid  that  might  be  present  into  lactic  acid,  and  the  pyroracemic 
aldehyde  and  alcohol  into  isopropyl  glycol,  the  only  body  obtained  was  acetic  acid 
(linnemann,  Wim,  Akad,  Ber,  Ixnii.  487 ;  Chem,  8oe,  Jour,  [2],  xii.  1166). 

AOaXOWBt  AMEMOVZA-BBBZVATZVaS  OV.  The  bases  produced  by 
the  action  of  ammonia  on  acetone  have  lately  been  examined  by  W.  Hemts  {BerUn 
Monateber.  1874,  286 ;  Chem,  CeiUr,  1874,  872 ;  farther,  Anmalen  der  Chemie,  dxxiv. 
183;  dxxviii.  806.  326;  dxxxL  70;  clxxxiii.  276),  and  by  Sokoloff  a.  LatschinofT 
{Deut.  Chem.  Gee.  Ber.  viL  1384).  Stadeler,  in  1858,  by  saturating  acetone  with 
smmonin  gas,  and  beating  the  aolution  to  100^  in  sealed  tubes,  obtained  8k\>aa\a  «v]i\>- 
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lich  ho  designated  aa  aeei<mine,  asmgning  to  it  the  formula  CfH"N*,  and 
it  to  be  formed  by  the  onion  of  8  mole.  CH^O  and  2  mole.  NH*.  with  elimi- 


fitance  which 

enpposingitl 

nation  of  SH'O.    The  experiments  of  Heintjs  haye  shown,  howerer,  that  thia  result  is 

altogether  incorrect,  and  that  the  action  of  ammonia  on  acetone  gires  rise  to  three 

distinct  bases,  neither  of  which  has  the  composition  of  Stadeler^s  acetonine,  each  of 

them  in  fact  containing  in  its  moleeole  only  one  atom  of  nitrogen.    The  composition 

and  mode  of  deriration  of  these  bases  is  given  in  the  following  table : — 

Discetonamine  .        .        .        0»H»»NO  -  20^«0  +  NH»  -  H«0 
Triacetonamine         .        .       C«H»^0  -  8C"H«0  +  NH«  -  2H«0 
Dehydrotriacetonamine     .        0'H"N     «  C»H»^0  -  H*0. 

In  Heinle's  first  paper  this  last  base  was  named  acetonine,  Stadeler's  acetonine  is 
supposed  hy  Heintz  to  nare  been  impure  triacetonamine. 

Sokolofir  a.  Latschinoff  agree  with  Heints  as  to  the  composition  of  these  three 
bases ;  they,  howeyer,  designate  the  two  o^genated  bases  as  diacetonhydramine  and 
triaeetanhydramine,  and  the  non-ozygenated  base  as  triaceionamme.  We  shall  adhere 
to  Heintz*s  nomenclature. 

To  separate  these  bases,  the  liquid  obtained  by  heating  acetone  with  ammonia  is 
neutralised  with  hydrochloric  add  and  distilled ;  the  residue  is  exhausted  with  abso- 
lute alcohol ;  the  solution  partially  precipitated  with  platinic  chloride ;  and  the  ]^re- 
oipitate,  which  contains  a  portion  of  the  platinum  salt  of  dehydrotriaoetonamine, 
together  with  a  large  quantity  cf  ammonium  platinochloride,  is  separated  from  the 
liquid  by  filtration.  On  adding  to  the  filtrate  an  excess  of  platinic  chloride,  and 
then  a  very  large  quantity  of  ether,  a  new  and  veiy  copious  precipitate  is  formed, 
consisting  of  tlie  pjatinochlorides  of  the  two  oxygenated  bases,  and  a  small  quantity 
of  the  platinochloride  of  dehydrotriacetonamine.  On  dissolring  this  precipitate 
after  washing  with  ether-alcohot  in  the  smallest  possible  quantity  of  lukewimn  water, 
a  portion  of  the  last-named  platinum  salt  remains  behind,  and  the  filtered  liquid,  on 
cooling,  deposits  splendid  golden-yellow  needles  of  the  platinochloride  of  triaceton- 
amine, a  f^her  quantity  of  which  may  be  obtained  by  eyaporation  under  reduced 
pressure.  At  the  same  time,  however,  short  thick  prismatic  crystals  of  another  salt 
are  formed,  which  must  be  separated  mechanically.  A  portion  of  the  j>latino- 
chloride  of  triacetonamine  appears  also  to  be  reduced  to  platinosochloride  (Heintjs). 

Sokoloff  a.  Latschinoff  leave  a  saturated  solution  of  ammonia  in  acetone  to  stand 
at  ordinary  temperatures  for  three  or  four  weeks,  then  add  to  it  a  quantity  of  finely 
pounded  oxalic  acid,  sufficient  to  form  an  acid  salt,  and  a  quantity  of  water  equal  to 
that  of  the  acetone  employed.  A  crystalline  precipitate  is  then  immediately  formed, 
which  is  easily  separated  by  means  of  boiling  alcohol  (of  95^  bto  insoluble  ammo- 
nium oxalate  and  soluble  oxalate  of  diacetonamine,  CH^O;  100  grams  of 
acetone  yield  in  this  manner  from  40  to  60  grams  of  this  salt,  and  about  10  per  cent, 
more  may  be  obtained  by  evaporating  the  mother-liquor,  and  treating  the  residue 
with  the  alcohol  which  has  served  for  the  separation  of  the  first  precipitate.  By 
further  boiling  with  the  same  alcohol,  a  mixture  of  salts  is  obtained,  from  which, 
after  conversion  into  platinum  salts,  the  platinochloride  of  triacetonamine  may  be 
separated ;  and  the  alcoholic  mother-liquor,  which  no  longer  gives  crystals  of  the 
above-mentioned  salts,  forms,  after  evaporation  of  the  alcohol,  a  dark-brown  tarry 
TTiMA.  which,  when  distilled  with  aqueous  potash,  yields  dehydrotriacetonamine, 
0"H»N. 

Ptaeetonamlne,  CH^'NO,  is  best  prepared,  according  to  Heints,  by  passing 
dry  ammonia  gas  into  a  fiask  containing  acetone  in  a  state  of  gentle  ebullition,  the 
conducting  tube  not  dipping  into  the  liquid,  but  terminating  just  above  it — con- 
ducting the  mixture  of  acetone  vapour  and  ammonia  through  a  tube  heated  to  100^, 
and  then  through  a  condensing  tube.  The  distillate  thus  obtained  is  neutralised  with 
sulphuric  acid  diluted  with  an  equal  volume  of  water ;  and  after  removing  the  ammo- 
nium sulphate  which  crystallises  out,  and  distilling  off  unaltered  acetone,  the  liquid 
is  evaporated  to  dryness  and  the  residue  exhausted  with  boiling  idcohol :  diaceton- 
amine sulphate  then  or^stallises  out  on  cooling,  and  may  be  purified  by  re-crystalli- 
sation from  alcohoL  The  mother-liquors  contain  the  sulphate  of  another  base  not 
yet  examined. 

Diacetonamine  cUssolves  more  readily  in  cold  than  in  warm  water,  and  is  partly 
decomposed  by  distillation,  with  formation  of  ammonia  and,  apparently,  masityl- 
oxide.  It  becomes  brown  on  exposure  to  the  air,  and  appears  to  absorb  oxygen 
(Heintz). 

The  ^fdroehloride,  O'H^'NO.HGl,  dissolves  very  easily  in  alcohol,  still  more  easily 
in  water,  even  at  ordinary  temperatures,  and  separates,  by  slow  evaporation  over 
snlphnrie  add,  in  rather  large  well-defined  rhombic  prisms,  which  are  anhydrous  and 
do  not  decompose  at  100^.    The  ptaUnechXwiSAy  2(C^H>*150.BCC^."?\.CSV.\  crj^\aJ(i2»^ 
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firom  aqaeooB  solation  in  fplendid  orange-coloured  monodinic  priimg  (S.  and  L.), 
rfaombie  (Heints),  containing  2  moli.  water  of  crystallisation.  It  is  moderatelj 
soluble  in  hot  alcohol,  and  separates  from  the  solution  in  brown  prismatic  anhydrous 
oystala  (Sokoloff  a.  Lataohuoff),  in  orange-yellow  monodinic  crystals  containing 
2  moU.  water  (Heinta). 

The  alcoholic  solution  exposed  to  sunlight  loses  its  colour,  and  deposits  a  small 
quantity  of  platinum.  The  solution  in  alcohol  containing  hydrochloric  add  becomes 
much  darker,  under  the  same  conditions,  and  if  ezaminM  after  several  days'  exposure, 
is  found  to  contain  nothing  but  tUaeetanamme  pUUinosoehloride,  C*'H**N^K?l^Pt,  which 
crystallises  in  red-brown  needles,  easily  soluble  in  water  and  hot  alcohol,  insoluble 
in  ether  (Heints). 

The  nsuiral  iulphats  is  Tery  easily  soluble  both  in  alcohol  and  in  water.  The 
alcoholic  solution  deposits  anl^rons  crystals,  which  are  unaltered  at  100^.  The 
pieraU  dissolTes  with  some  difficulty  in  cold  water.  Hot  solutions  yield  golden- 
yellow  needles  several  centimeters  long,  and  containing  one  molecule  of  water,  which 
they  lose  at  100®  (8.  and  L.) 

The  add  oMate,  C«H**NO.G*H*0«  •!•  HH),  forms  large  monodinic  prisms  easily 
soluble  in  hot»  less  soluble  in  odd  water.  The  nmiral  axalaU,  (0*fi>*NO)*.C*HK>«,  tm 
rather  lees  sduble  than  the  add  salt 

The  salts  of  diacetonamine,  treated  with  potassium  nitrite,  yidd  mentyl-ozide,  and 
the  same  body  is  produced,  together  with  ammonia,  when  tney  are  decomposed  by 
allcalis  (S.  and  L.) 

TrUMetoiuuBlnet  C*H*^0.  This  base  is  formed,  together  with  diacetonamine^ 
by  the  action  of  ammonia  on  acetone,  the  proportions  in  wnich  the  two  are  produced 
depending  on  the  temperature.  At  low  temperatures  the  product  consists  almost 
entirdy  of  diacetonamine,  but  at  higher  temperatures  tnacetonamine  is  largdj 
formed.  Horeoyer,  diacetonamine,  when  heated  with  acetone,  is  converted  into  tn- 
acetonamine, the  yield  of  the  latter  being  espedaUy  large  when  diacetonamine  is  boiled 
for  some  time  with  acetone  in  a  reflux  apparatus,  the  oonversioa  of  the  diacetonamine 
being  then  almost  complete.  This  is  regarded  by  Hdntc  as  the  best  mode  of  prepar- 
ing triacetonamine. 

For  separating  the  two  bases  when  mixed,  the  methods  above  given,  founded  on 
the  dii&rence  of  solubility  of  the  platinoohloridee  in  alcohol,  are  both  troublesome 
and  enennve.  The  separation  may  be  much  more  easily  effected  by  takinff  advan- 
tage of  Uie  great  difference  of  sdubuity  in  water  of  the  neutral  oxalates,  the  diaceton- 
amine oxalate  being  by  &r  the  more  soluble  of  the  two. 

The  mode  of  prooeedmg  difiers  according  as  the  tri-  or  diacetonamine  predomi- 
nates, a.  A  mixture  of  the  former  kind  is  the  syrupy  liquid  which  remams  in  the 
flask  in  which  acetone  is  boiled  in  contact  with  ammonia  sas  for  the  preparation  of 
diacetonamine,  as  already  described  (p.  28).  This  liquid  is  to  be  mixed  with 
alcohol,  and  hydrated  oxdic  acid  gradually  added  to  slight  acid  reaction.  The  pre- 
dpitate,  consistinff  of  the  oxalates  of  the  two  bases,  sometimes  mixed  with  ammomum 
'wrfUtit,  ig  pressed  and  dissolved  in  water ;  the  resulting  solution  is  evaporated  over 
the  water-bath,  with  frequent  stirring,  till  a  condderable  quantity  of  salt  has  separ- 
ated out ;  and  this  salt  is  quickly  drained  and  washed  in  a  vacuum-fllter  wiu  a 
small  quantity  of  hot  water.  The  filtered  liquid  deponts  nothing  on  cooling,  unless 
ammonium  oxalate  is  present^  in  which  case  the  deponted  salt  must  be  drained,  and 
the  liquid  further  evaporated,  until,  finally,  a  motoer-liquor  is  obtained,  whidi  no 
longer  depodta  aiqr  oxalate  of  triacetonamine  or  oxalate  of  ammoma.  B^  repeating 
these  operations  on  the  entire  crop  of  triacetonamine  oxalate,  this  salt  is  oStained 
quite  free  ftom  the  oxalates  of  ammonia  and  diacetonamine,  and  if  the  sdution  has 
also  heea  treated  with  animal  charcoal,  it  is  perfectly  colourless. 

fi.  The  mother-liquor  contains  the  whole  of  the  diacetonamine,  together  with  con- 
dderable quantities  of  triacetonamine,  and  traces  of  ammonia.  For  the  forther  sepa- 
ration of  these  bases,  oxalic  add  is  added  in  quantity  about  half  suffident  to  saturate 
them ;  the  whole  is  evaporated  to  dryness ;  the  excess  of  oxalic  add  is  removed  hv 
waahing  with  cold  absdute  alcohd ;  and  the  reddue  is  boiled  with  absolute  alcohol, 
whereby  a  portion  of  the  add  oxalate  of  triacetonamine — larger  or  smaller  according 
to  the  <juantity  of  dcohol  used—is  converted  into  the  neutral  salt^  which  is  insoluble 
in  boiknff  alcohol.  The  sdution  is  filtered  at  the  bdling  heat,  and  the  reddue 
washed  with  bdling  alcohoL  Neutral  oxalate  of  triacetonamine  then  remains  on  the 
filter,  and  the  filtered  alcoholic  solution  depodts  crystals  of  add  oxalate  of  diaceton- 
amine mixed  with  a  small  quantity  of  the  triacetonamine  salt. 

Theae  methoda  of  aeparation  are,  however,  not  convenient  for  the  preparation  of 
triacetonamine,  whidi,  indeed,  ia  beat  obtained,  as  already  atated,  by  boiling  diaceton- 
amine with  acetone. 

gHaflfffainamiiie  jspantas  ftom  a  solution  of  the  neutxal  oxa^ta  uaxtt^  ^^ 
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camtie  potash,  as  a  hydrate,  O'H'^O.EPO,  windi  erystallisas  from  hjdzoiii  ether  in 
lai:ge  square  tablets ;  and  the  mother-liqnor  of  this  hvdrate  yields,  on  ftuther  evapora- 
tion and  cooling  to  a  very  low  temperature,  long  needle-shaped  crystals  of  anhyorons 
triaoetonamine.  The  mother-liqnor  of  this  mixed  with  a  few  drops  of  water 
again  deposits  crystals  of  the  hydrate ;  and  finally  there  remains  a  mocher-liquor 
containing  an  uncrystallisable  modification  of  triaoetonamine. 

The  tabular  crystals  belong  to  the  orthorhombic  systnn.    Batao  of  axes : 

Bnehjdiseoiial  MscndlAgontl  Frincipal  axis 

0'9o86  :  0*9798  :  1 

Combination  OP  .  2f  oo  .  2l»oo .  Angle  OP  :  2too  «  116<>  24';  OP  :  2f  oo  -  llfio  86 J'. 
Cleayage  parallel  to  OP.  The  crystals,  in  consequence  of  the  near  approach 
to  equality  of  the  lateral  axes,  have  rery  nearly  the  appearance  of  the  quadratic 
combination  OP.P,  but  their  behaviour  to  polarised  light  shows  that  they  are  really 
orthorhombic 

The  tabular  crystals  of  the  hydrate  melt  at  58°,  the  anhydrous  needles  at  34*6°. 
Triaoetonamine  volatilises  slowlj  even  at  ordinary  temperatures,  and  in  a  warm  room 
it  sublimes  firom  place  to  place  in  the  containing  yessel.  It  may  be  distilled  without 
decomposition. 

Triacetonamine  is  decomposed  by  heating  to  150°-200°  with  strong  sulphuric  acid, 
or  with  phosphoric  anhydride,  but  does  not  yield  definite  products.  Heated  to  100° 
for  eight  to  sixteen  hours,  with  8-10  parts  of  fuming  hydrochloric  acid,  it  yields 
a  considerable  quantity  of  diacetonamine  together  with  dehydropentacetona- 
mine  (p.  31)  and  other  products.  The  formation  of  diacetonamine  is  most  probably 
attended  with  that  of  methylchloracetol,  CH'Cl',  or  its  decomposition-product 
chloropropene,  0*HH)1,  according  to  the  equation : 

C»H"NO  +  2HC1  -  C«H"NO  +  0«H«C1*. 

These  bodies  have  not  however  been  detected  in  the  product  of  the  reaction,  and  may 
therefore  be  supposed  to  haye  acted  on  a  portion  of  me  diacetonamine,  giving  rise  to 
hydrogen  chloride  and  more  highly  carbonised  bases,  which  are  in  &ct  present  in  the 
crude  product. 

Salts  of  Triacetonamine.— The  h/droehloride,  C'H^'NO.HCl,  obtained  by  direct 
combination,  or  by  decomposing  the  platinochloride  with  hydrogen  sulphide,  remains, 
on  evaporating  its  solution  over  the  water-bath,  as  a  colourless  syrup,  which  solidifies 
on  cooling  to  a  radiate  mass  of  small  transparent  prismatic  crystals.  It  is  easily 
soluble  in  alcohol,  especially  when  hot,  and  separates  from  the  sdcoholic  solution  at 
36°,  on  addition  of  ether,  in  crystals  rather  larger  than  those  which  are  deposited  from 
the  aqueous  solution. 

The  plaiinochloride,  2(C»H"NO.Ha).PtCl*+3H«0,  crystallises  in  long  dark 
golden-coloured  needles,  easily  soluble  in  boiling  water,  nearly  insoluble  in  aleohd 
and  insoluble  in  ether.  It  is  easily  soluble  in  al^hol  to  which  hydrochloric  add  has 
been  added,  and  ciystallises  from  this  solution  with  only  1*75  per  cent,  of  water,  or 
less  than  one  molecule.  By  exposing  the  solution  in  alcohol  and  hydrochloric  add 
to  sunlight,  or  by  heating  tne  aqueous  solution  for  seyeral  hours,  the  salt  is  reduced 
to  the  pUxHnoeo-oUoride,  2(C»H"N0.HCl).PtCl*  +  2H«0,  which  crystallises  in  dark 
rdd  needles,  and  sometimes  in  rhombic  prisms.  It  is  much  less  soluble  in  water  than 
the  platinochloride. 

The  sulphate,  (C*Hi^O)*SO«H*,  obtained  by  neutralising  dilute  sulphuric  acid 
with  the  bsse,  and  evaporating,  czystallises  in  delicate  needles  or  prisms,  very  freely 
soluble  in  water  either  hot  or  cold,  insoluble  in  alcohol  and  in  ether. 

The  nitrate^  CH^'NO.NO'H,  ciystallises  by  spontaneous  evaporation  of  a  solution 

concentrated  by  heat,  in  rhombic  ciystals  exhibiting  the  combination  P.0P.2P.ao  f  oo . 
Ratio  of  lateral  and  vertacal  axes  »  1-27382  :  1  :  10261.  Angle  OP :  P  i- 
62°  30'  and  127°30';  P:P  in  the  lateral  edges  »  121°  20'  and  68°  40'.  The 
crystals  dissolve  easily  in  water,  though  much  less  freely  than  the  sulphate,  also  in 
alcohol. 

The  acetate  is  so  freely  soluble  in  water  that  it  is  not  easily  obtained  in  crystals. 
It  dissolves  easily  in  alcohol,  and  to  some  extent  in  ether. 

The  neutral  oxalate,  (0'H*'NO)'.C^^H',  obtained  by  eyapoiating  an  aqueous 
solution  of  the  base  (1 1  ^arts),  and  oxalic  add  (4  parts),  cirstallises  in  long  glittering 
needles,  easily  soluble  in  cold,  and  not  much  more  in  hot  water,  very  sparingly 
soluble  in  alcohol.  The  crystals  are  permanent  in  the  air,  and  may  be  heated  to 
100°  without  decomposition. 

The  acid  oxalate,  C*H>'NO.C^O«H<,  obtained  by  dissolving  the  neutral  salt  in 

water,  together  with  an  equivalent  quantity  of  oxsdic  acid,  forms  tridinic  crystals 

deavBble  in  two  directiona  inclined  to  one  another  at  an  au%\e  oi  ^^  \V .  l\i\%  qmoI-^ 
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Bohible  in  vater,  •tpeaUly  when  hot.  By  boiling  with  alcohol  or  ether  it  is  reaolyed 
into  the  aentral  salt  and  ^ee  oxalic  acid. 

The  nmiral  tartraU,  (0"Hi'NO.O«HH)«),  exyBtalliBeB  from  a  neatzal  mliitioki  of  the 
baae  in  taitarie  add,  in  long  needles  easily  soluble  in  water  and  in  boiling  alcohol. 

The  aM  tatirate  appears  to  be  nncrystallisable.  A  solntion  of  the  neutral  tartrate 
to  which  an  equindent  quantity  of  tartaric  acid  has  been  added,  leaves  on  evaporation 
a  thick  symp,  the  alcoholic  solution  of  which,  when  mixed  with  ether,  deposits  the 
neutral  salt.  The  acid  tartrate  therefore,  like  the  add  oxalate,  is  resdlyed  by  aloohcd 
and  ^her  into  the  neutral  salt  and  free  add. 


itneff  0'H*'NO.  This  is  the  uncrystallisable  modification  con- 
tained in  the  last  mother-liquors  which  remain  after  the  separation  of  crystalline 
triacetonamine  from  the  oxalate  by  means  of  potash  (p.  80^.  The  mother-liquors  of 
triacetonamine  platino-chloride  sometimes  also  deposit  hemispherical  aggregations  of 
small  prismatic  crystals,  which  when  (^stallised  always  assume  the  same  form. 
These  crystals  have  the  composition  rC«E:"NO.HCl)'.PtGl«  +  2HK),  the  same  there- 
fore as  that  of  triacetonamine  platinochloride,  except  that  they  contain  2  mols.  water 
instead  of  three. 

On  separatine  the  platinum  with  hydrogen  sulphide,  and  decomposiug  the  result- 
ing hydrochloride  with  potash  or  soda  and  ether,  as  above  indicated,  crystals  of 
hydrated  triacetonamine  are.first  deposited,  and  ultimately  a  mother-liquor  is  obtained 
containing  the  uncrystallisable  base.  Heinta  regards  these  crystals  as  a  compound  of 
1  moL  triacetonamine  hydrochloride,  1  mol.  isoCriacetonamine  hydrochloride,  1   moL 

platinic  chloride,  and  2  mob.  water,  ^hi^q  HQ 1  ^^*  "*"  ^^^• 

A  complete  separation  of  these  isomeric  bases,  either  in  the  free  state  or  in  the 
form  of  platinum  salts,  has  not  yet  been  effected ;  but  they  may  be  partially  separated 
by  converting  the  uncrystallisable  mother-liquors  of  the  free  bases  into  platinum-salt 
and  digesting  this  salt  with  alcohol,  which  dissolves  the  platinochloride  of  isotriace- 
tonamine,  kdA  leaves  the  double  platinochloride  undissolved ;  and  by  repeating  this 
course  of  operations  several  times,  a  platinochloride  is  ultimately  obtamed,  which 
dissolves  in  alcohol  and  remains  as  a  sjrvmj  mass  on  evaporating  the  solution.  This 
platinochloride  decomfiOsed  as  above  yielos  a  base  which  reAisee  to  crystallise. 

BelijdratrlaeetoBamUMff  G^H'*,  is  derived  from  triacetonamine  by  abstrac- 
tion of  HK),  or  from  acetone  and  ammonia  in  the  manner  shown  by  the  equation, 
30TIH)  +  NH»  -  8H*0  +  C»H»N.  Ito  pUtinochloride,  2(0»H»»N.Ha)J?tCl*,  is  {iresent 
in  small  quantity  in  the  predpitate  of  ammonium  platinochloride  obtained  in  the 
prroaration  of  triacetonamine  (p.  28),  and  may  be  dissolved  out  of  this  predpitate  by 
boifing  with  water.  By^  cooling  and  fhrther  evaporation  of  the  filtered  solution,  Uiere 
are  ol^ined,  together  with  octohedrons  of  ammonium  platinochloride,  somewhat  larger 
crystals  of  the  platinochloride  of  dehydrotriacetonamine^  which  may  be  purified  by 
picking  them  out  and  recrystallising.  They  are  oblique  rhombic  prisms,  scarcely 
soluble  in  cold,  more  soluble  in  warm  water  (ildnta);  small  crystals  generally  united 
in  crusts  or  nodules,  quite  insoluble  in  cold,  and  only  slightly  soluble  in  warm  water 
(Sdkoloffa.  Latschinoff). 

Dehvdrotriacetonamine  is  also  found,  as  oxalate,  together  with  triacetonamine,  in 
the  mother-liquor  of  diacetonamine  oxalate  (p.  28),  and  may  be  separated  therefrom 
by  distillation  with  potash.  It  is  an  oily  liquid,  and*  forms  sslts  which  oxidise 
n^pidly  in  the  air. 

Dehydrotriacetonamine  is  not  formed  by  the  direct  action  of  dehydrating  agents,  as 
sulphuric  add,  phosphoric  anhydride,  &c,  on  triacetonamine ;  its  production  would 
appear,  therefore,  to  be  due  to  peculiar  conditions  present  in  the  preparation  of  di- 
and  triacetonamine  (Heints). 

The  mother-liquor  of  diacetonamine  oxalate  contains  also  another  base,  which 
appears  to  be  dehydrodiacetonamine,  C<H"N»2C*H*0  +  NH"-2HH). 

IMbydropentaeetOBAmliia,  0**H"N»6CH*0-»-KH"-6HK),  is  formed, 
togedier  with  diacetonamine  and  other  products,  b^  heating  triacetonamine  to  100' 
for  eight  to  sixteen  hours,  with  8-10  parts  of  fomin^  hydrochloric  acid.  The  crude 
product  on  cooling  depodts  an  oilv  liquid,  soluble  in  ether,  and  containing  a  base 
apparently  identical  with  that  whicn  separates  as  a  crystalline  hydrochloride  from  the 
aqueous  liquid  to  which  the  ether  has  been  added.  The  salt  thus  obtained  is  the 
hydroehlonde  of  dehydropentacetonamine,  and  when  treated  with  fixed  alkalis  or  with 
ammonia,  vidds  the  free  rase  in  the  form  of  an  oiL  This  base  difibrs  from  spaitdne^ 
C^'H^'N*,  by  the  elements  of  1  mol.  of  ammonia  (Hdnts). 
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C&H8tUtUum  of  the  Afnmonia-derivaHvea  of  Acetone. 

Diacetonamine,  CH^NO,  may  be  represented  bj  either  of  the  two  following 
formula : — 

NH»— C— CH*— CO— CH«  N^<c[ch'^^' 

CH" 

the  first  of  which  is  that  of  an  amidogen-base,  the  second  that  of  an  imidogen-base. 
According  to  the  former,  which  Heintz  regards  as  the  more  probable  of  the  two, 
diacetonaminehas  the  constitution  of  acetyl- trimethjl  carbamine,  orpsendopro- 
pylamine,  NH*— CH— (OH*)*,  haying  the  hydrogen-atom  of  the  gronp  CH  replaced  by 
the  ketonic  residue,  CflBP— CO--0H*. 

For  the  constitution  of  triacetonamine,  Heintz  suggests  the  two  following 
formulsB ; — 

«H<Cj^!;>Cfl-00-CH.  NH<Cj^.J_^CO. 

Of  these  formuUs,  both  of  which  represent  imidogen-bases,  one  most  probably  belongs 
to  triacetonamine,  the  other  to  isotriacetonamine ;  but  there  is  no  eyidence  to  show 
which  of  Uie  two  belongs  to  the  aystalline  and  which  to  the  liquid  modification. 

Dehydrotriaoetonamine  which  is  deriyed  from  triacetonamine  by  abitrac- 
tion  of  nK)  may,  in  like  manner,  be  represented  by  either  of  the  fonmdflB : — 

or,  if  we  suppose  two  of  the  carbon-atoms  to  be  trebly  linked,  by  the  following: — 

Base*  formed  by  HydrogenaHon  of  Di-  and  Triacetonamine, — By  acting  with 
sodium-anuUgam  on  a  solution  of  diaoetonamine  hydrochloride  in  a  mixture  of  aqueous 
ammonia  and  alcohol,  diace ton alk amine,  CH'^ON,  is  produced.  The  free  base 
is  a  liquid  which  is  soluble  in  water,  has  a  slight  ammoniacal  smell,  and  an  aromatic 
alkaline  taste ;  it  boils  at  174^-175^.  Its  fydrochloride  forms  a  syrupy  liquid,  and 
the  plaiinochloridet  which  is  readily  soluble  in  hot  water,  forms  orange-coloured  tri- 
clinic  crystals,  K)'*H**ON.HC(l)'.Pt01^  The  normal  oxalate  forms  microscopic  prisms, 
and  the  acid  salt  crystallises  in  small  plates.  When  carbon  dioxide  is  passed  into  a 
solution  of  the  base  in  ether,  a  white  precipitate  is  obtained,  crystallising  from  water 
in  small  plates  or  needles,  which  seem  to  be  an  acid  carbonate. 

When  a  solution  of  triacetonamine  in  dilute  alcohol  is  treated  with  sodium  Atrm-lgntn, 
it  is  conyerted  into  triacetonalkamine,  CH**ON,  and  the  isomeric  pseudotri- 
acetonalkamine.  The  latter  is  but  sparingly  soluble  in  water  and  ether,  and 
crystallises  firom  a  hot  alcoholic  solution  on  cooling.  It  melts  at  about  180^,  and  slowly 
sublimes.     The  platinum  salt  forms  rhombic  crystals,  (G"Hi*0N.HCl)*.Pt01H  6HK). 

Triacetonalkamine  crystallises  from  hot  water  in  apparently  quadratic  octohedrons 
and  has  a  slightly  sweet  and  burning  taste.  It  melts  at  128*5°,  but  begins  to  sublime 
at  100°.  The  hydrochloride  crystallises  from  hot  water  in  needles  or  plates.  The 
platinoehhride  is  Areely  soluble  in  water,  sparingly  in  alcohol,  insoluble  in  ether, 
and  anhydrous  (Heintz,  Liebia'e  Annalen,  clxxxiii.  290). 

A  solution  of  the  platinocnlorides  of  the  two  preceding  bases,  in  equiyalent  quan- 
tities, yields  crystals  of  a  platinum  salt  haying  the  composition  nmi*ON  HGl }  *^^^ 
(Heintz,  ibid.  817). 

AOBTOVOTB.    See  the  last  article  (p.  28). 


Jfethyl  Cyanide,  C>H*N  »  CH'.ON.— This  compound  is  formed, 
together  with  a  number  of  other  nitrils  and  divinyl,  (G'H')*,  by  heating  a  mixture  of 
acetate  and  sulphocyanate  of  lead  (P&nkuch,  J,fwr  Chem,  [2J,  yi.  113).  It  is  not 
acted  upon  by  chlorine  alone,  and  but  slowly  in  presence  of  iodine,  the  product  being 
trichroracetonitril(Biickunts,  Deu^.  Ch^m,  Qes,  Ber,  ix.  1694).  Treated  wi£ 
chloral,  it  yields  a  crystalline  amide  haying  the  composition  0H(CH*.C0NH*)'001', 
the  reaction  apparency  taking  place  by  two  stages : — 

2(0H».CN)  +  CH01»0  «  H«0  +   CHrOH«.ON)«Ca«, 
snd  CH(CH«.CN)»CC1«  ^    2H«0  -  CH(CH«.C0OTP^HX3l« 

(Bttbner,  ibid.  vi.  109). 
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CUarmaUd  aetUmiirtis  toe  prepared  by  dietilling  the  corretpoDdiog  chlorinated 
aeetamides  (2nd  Shippl,  4)  with  phoephoric  anhydride,  the  prodocts  being  freed  from 
acid  bj  means  of  potaninm  carbonate,  and  finally  diatilled.  They  form  coloorlees 
pungent  liqoida,  inaolnble  in  vater,  bnt  soluble  in  alcohol  or  ether.  Treatment  with 
warm  dilute  mineral  acids  causes  the  liberation  of  ammonia  and  the  formation  of  the 
corresponding  acids.  The  chlorinated  acetonitrils  unite  with  hydrobromio  add  to 
form  crystalline  compounds,  which  are  insoluble  in  ether,  but  decomposed  by  water. 

MimoeUoracgiominl,  OHKION ;  boils  at  128^-124^,  has  aspecific  grari^  of  1*204 
at  11-2**,  and  a  Taponr-density  of  2*62. 

Dieklomaetomira,  0H01*.0N;  boils  at  112<'-113^  and  has  a  density  of  1-874  in 
tlia  liquid  state,  and  of  8*82  in  the  state  of  Tapour. 

THMoraeiUmUnl,  (XIL'.ON;  boils  at  880-84<'  (SI"*  Dumas  and  Leblanc).  lU 
sp.  gr.  is  1*489,  and  its  Tapour-density  6*08.  It  is  remai^ble  that  the  trichloro- 
dtfiyatiTe  Unls  at  a  lower  temperature  than  the  monochloro-  or  dichlorO'^leriTativ'e, 
and  that  the  dichloro-derifatire  boils  at  a  lower  temperature  than  the  monochloro* 
derifatiTe. 

Whan  trichloraoetonitril  is  heated  to  100°  with  alooholie  ammonia,  no  ammonium 
chloride  or  f^anogen  is  fiumed,  but  merely  trichloracetamide  (Bissehopincfc,  Vmt, 
dem.  Gm,  Btt.  yi.  781). 

Monochloracetonitril  boiled  with  milk  of  lime  is  oonrerted  into  glycollic  acid^ 
dichlovaeetonitril  yields^  under  the  same  conditions,  diddoraeetic  add,  while  triddor- 
acetonitril  is  resonred  into  carbon  dioxide  and  chlOToform.  Potash  acts  in  a  similar 
way  (Backunts  a.  Otto,  ibid.  ix.  1691). 

.  m^odtmUfWiiUmiira,  G>I*(NO*)N  -  CI<(NO*).ON,  is  formed  by  adding  iodine  in 
small  sneeesriTS  portions  to  mereurio  ftdminate  suspended  in  ether,  till  the  fulminate 
can  no  longer  he  detected  amongst  the  red  mercuric  iodids  j^roduoed  by  the  reaction. 
The  filtered  liquid  left  to  eraporato  yields  di-iodonitraoetomtril,  which  may  be  freed 
fh>m  admixed  mercuric  iodide  bjr  repeated  crystallisation  firom  the  smallest  possible 
quanti^  of  ether,  and  from  free  iodine  by  quickly  washing  Uie  triturated  crystalline 
mass  with  very  dilute  soda-ley. 

IK-iodonitracetonitril  crystallises  from  ether  in  well-deflned  colourless  monodinie 
prisms,  sometimes  seyeral  millimeters  long.  It  turns  yellow  at  70°,  mdte  to  a  red 
liquid  at  80°,  and  decomposes  completdjr  at  170°.  When  treated  with  aikaUa  itgiyes  off 
ammonia.  It  is  scarody  attackea  by  nUtie  add.  Heated  with  strong  mdfkuno  aoH 
it  is  deeomposed,  with  separation  of  iodine.  "With  tin  and  l^dtoMoric  add,  it  first 
giTea  off  hydrocyanic  add  in  abundance,  and  finally  methylamme.  Hydtogm  mdpkide 
daeompoeea  it^  with  separation  of  sulphur  (Sell  a.  Biedermann,  Dmi.  Ckem,  Om.  Bsr, 

Pkenyl-rndkyl   K^tame,  0*H«.OO.GH*.     See  Phbktl. 

rmno      A&OOSOXu        a$oomdary     PkenyUetkyl     Alcohol, 
C^*.CH(OH).CH'.    See  Pewtl  Alcohols. 


rOVZWB.  O^^H^N  or  G^H^N*.— A  base  produced  by  the  action  of 
dry  am""**i<>^  on  bdling  aoetophenone  (2iMf  SuppL  940). 


AOaXOSOllACnvrATB*  BTMTIiIO.    See  Acvru-ACBTXO  Ermnts  (p.  12). 


CHK).— -Aftmo/iMi  in  8ubitiiuiion'prodttei$,'-'8Giuff  determines  the 
smomit  of  acetyl  in  aoetylated  substitution-products,  by  heating  a  known  quantity  of 
the  acetTl-deriratiTe  with  a  measured  volume  of  normal  so£-solution  to  100°  for 
sereral  hour%  adding  to  the  cooled  lic^uid  a  Tolume  of  normal  sulphuric  add  exactly 
equal  to  that  of  the  normal  soda-solution  used,  then  filtering,  washing  the  ressel  and 
the  filter  with  water,  and  determining,  by  means  of  the  normal  soda-solution,  the 
quantity  of  acetic  add  produced  by  the  reaction.  This  method  gives  yery  exact  resulte 
wiien  acetic  add  is  the  only  add  formed  by  the  action  of  the  caustic  alkali  on  the 
aeetylated  compound.  But  when,  as  in  the  case  of  the  products  formed  b^  the  action 
of  acetyl  chlonde  on  santonic  acid  and  santonin,  the  action  of  the  alkali  gives  rise 
also  to  another  acid,  vis.,  santonic  add  in  the  case  supposed,  the  result  of  the 
titration  requires  correction  for  the  quantity  of  alkali  neutralised  by  this  other 
add,  whidi  must  of  course  be  determined  by  a  speeial  experiment.  The  following 
statement  of  the  resulte  of  two  experiments  on  acetyl-flantonio  add  will  sufficiently 
expldn  the  mode  of  proceeding  :— 
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Aoetyl-Bantonic  acid,  C**H>*(0*H*0^()«,  QMd   .      0*630  gram      0*710  gram 
Normal  solution  of  eaoBtic  soda  (KaHO,  per 

1000  c^) 40*00  cc  40*00  c.c. 

Normal  add  solntioii  (|H*SO*)  per  1000  cc.    .    40*00  „  40*00  „ 

Santonic  acid  reproduced  (determined  bj  cal- 

eolation) 0*548  gram      0*612  gram 

Normal  soda-solution  required  to   neutralise 

the  liquid '    4*86  cc  4*90  c.c 

Quantity  of  the  same  to  be  deducted  for  the 

santonic  add 2*20  ,»  2*45  „ 

Quantity  of  the  same  equivalent  to  the  acetic 

add 215  „  2*45  ,, 

0*H*0  found 14*68  p.c         14*85  p.c. 

0*H*0  calculated 14*05  „ 

To  obtain  the  greatest  possible  amount  of  jprecision,  the  alkaline  sdutioU  may  be 
distilled  in  a  retort  with  addition  of  phosphoric  acid,  as  proposed  by  Eissell  {Zeitsckr, 
Anal.  Cham,  Till.  988),  and  the  add  distillate  titrated  with  normal  sodanBolution.  A 
subsequent  aualysis  of  the  resulting  barium  salt  will  show  whether  the  yolatile  add 
produced  is  really  acetic  acid  (Sestini,  Geutg,  ohim,  ital,  iv.  454). 

AOBTT&-BiMIMXDB#  CMMMBXDM^  4M«  See  Acamo  Bbokidi,  Chlorisi, 
&C  (pp.  20,  21). 

See  Acids,  Fattt,  and  Carbsbiks. 

N(C«H»)«(0«H«0).— A  base  obtained  by  the 
action  of  acetyl  chloride  on  diphenylamine  (Men  a.  Weith,  Detit,  Chem,  Qe»,  Ber, 
V.  283). 

AOBTTUtiMli  0*H*.— Aoooiding  to  M.  P.  v.  Wilde  (Deui.  Chem.  Gta.  Ber.  yii. 
852),  this  gas  may  be  conveniently  prepared  by  passing  the  vapour  of  ethene  di- 
chloride  over  heated  lime,  or  better,  soda-lime,  the  foUowing  reaction  then  taking 
place: — 

0«H«a»  +  2NaH0  -  2NaCl  +  2H«0  +  C«H». 

According  to  Sabanejeff  (l^fsM^s  AmuUen,  dxxviii  109),  the  best  mode  of  prepa- 
ration is  that  devised  by  Miasnikoffand  Sawitsh  {jSnd,  cxviii.  800;  cxix.  184). 
Bdiene  dibromide  is  addea  drop  by  drop  to  alcoholic  potash,  whidi  is  heated  on  a 
water-bath.  The  gases  which  are  evolved  pass  through  a  reversed  condenser  into 
another  flask  containing  hot  alcoholic  potash,  and  from  these  again  through  another 
reversed  condenser.  AJber  being  washed  with  water,  the  acetylene  is  absorbed  by 
passing  it  through  several  bottles  containing  a  solution  of  cuprous  chloride  in  am- 
monia. The  precipitate  thus  obtained  is  then  decomposed  by  nydroc^orio  add,  and 
the  gas  is  wa&ed  with  water  and  caustic  potash. 

lAauid  and  SoUd  Acetylene. — Accordixig  to  P.  and  A.  Th^nard  {0»npt.  rend, 
Ixzviu.  219),  acetylene  gas,  exposed  to  the  influence  of  the  dark  discharge,  condenses 
quickly  to  the  amount  of  4  or  5  cub.  cent,  in  a  minute,  the  inner  surface  of  the  tube 
soon  becoming  coated  with  a  solid  film.  The  substance  thus  formed  has  exactly  the 
composition  of  acetylene ;  it  withstands  the  action  of  all  solvents,  even  of  fhming  nitric 
add.  By  varying  the  conditions  of  the  experiment,  acetylene  may  also  be  obtained 
in  the  liquid  form. 

Aoiion  ofHydroaen. — ^When  2  vols,  acetylene  and  4  vols,  hydrogen  are  mixed  in  a 
tube  containing  pfatinum-black,  the  mixture  condenses  to  2  vols,  of  ethane: 
C«H«+2H»  «  0«H«  (t.  Wilde,  Dent.  Chem.  Qee.  Ber.  viL  858). 

Aetion  of  Snlphurio  Acid. — ^Berthdot  (in  1860),  by  agitating  acetylene  with  strong 
sulphuric  add  and  distilling  the  product  with  water,  obtained  a  volatile  pungent- 
smelling  liquid,  which  (without  analysing  it  or  examining  its  properties  very  minutely) 
he  regarded  as  vinvl  alcohol,  CM'.OS,  isomeric  wiUi  acetaldeh^de  and  a  lower 
homologue  of  allyl  alcohol  (let  Suppl,  66).  But  from  recent  experiments  by  Lager- 
marck  a.  Elketoff(2)9tt^.  Chem.  Oee.  Ber.  x.  687),  it  appears  that  this  liquid  is  not  an 
alcohol  at  all,  but  consista  mainly  ofcrotonic  aldehyde,  G^H'O,  formed  by  con- 
densation of  acetaldehyde,  CH^O,  the  first  product  of  the  reaction,  and  convortible 
by  oxidation  wiUi  silver  oxide  into  solid  crotonio  acid,  C^H*0'. 

EUimaiion  in  Oaaeous  Mixtwree. — To  determine  the  proportion  of  acetylene  in 

coal  gas,  Blochmann  {Deut.  Chem.  Che.  Ber.  vii.  274)  passes  the  gas  through  am- 

moniacal  cuprous  chloride,  washes  the  precipitate  thoroughly  with  warm  dilute 

aqueous  ammonia,  dissolves  it  in  nitric  acid,  evaporates,  ignites,  and  weighs  the 

residue  ofcaprjc  oxide,    By  this  method  Koenigsberg  coal-gaa  '^t^a  foxu^d  to  ^oc^utaiu 


ACETYLENE.  36 

in  100  Tola.  0*008  and  0*064  yols.  aoetjlene,  while  that  iasning  from  a  Bunsen  burner 
with  the  flame  bomin^  down  gave  bj  gasometric  analysis  0*96  vol.,  and  by  deter- 
mination as  copper  oude  0*80  vol.  acetjdene. 

Aeetyl«iie  Bromides.  The  dibromide,  C*H*Br*,  is  formed  in  small  quantity 
by  heating  an  ethereal  solution  of  the  tetrabromide  with  mercury  or  findy  divided 
ailver  to  180^ ;  alao,  together  with  a  large  quantity  of  the  tetrabromide,  by  paasing 
acetylene  into  a  cold  eolation  of  1  part  bromine  in  6  parts  chloroform.  But  the  onlv 
way  of  obtaining  Uie  dibromide  in  the  pure  state  is  to  aatnrate  absolute  alcohol  with 
acetylene,  of  wmeh  it  diasolvea  abont  6  Tola.,  and  then  add  the  calculated  quantity 
of  bromine.  By  repeating  thia  operation  several  times,  and  then  adding  water,  the 
dibromide  is  precipitated,  and  may  be  aeparated  from  lower-boiling  bve-producta  by 
heating  the  liquid  in  a  aalt-bath  to  116^.  Acetjrlene  dibromide  ia  a  colonrleaa,  mobile 
liqiiid,  which  deoompoaea  when  distilled  (Sabanig'eff,  Lielng/'g  Annalm,  dxxviii.  115). 

Tetrabromide.  CH^r^CBebool,  Compt,  rmd,  liv.  1229;  SabanejeflE;  Li^» 
Anmalm^  dzzTiii  118). — ^This  compound  ia  best  prepared  by  passing  acetylene  gaa 
into  bromine  nnder  water ;  it  laalao  formed,  according  to  Bebonl,  by  the  action  of 
bromine  on  dibromethene,  0*H*Br'.  It  ia  a  colonrleas  aromatic  oily  liquid,  having  a 
sp.  gr.  of  2*848  at  21*5^  (Sabanejeff) :  2*88  at  22<'  (Rebonll.  It  ia  inaolable  in  water, 
biit  diaaolTes  in  alcohol,  ether,  chloroform,  carbon  sulphide,  acetic  acid,  and  aniline. 
When  heated  to  190^  it  ia  resolTed  into  hydrogen  bromide  and  tribrometheno, 
CFHBr*,  a  liquid  boiling  at  162^ — 163°,  which  ia  also  produced  by  the  action  of  am- 
monia on  the  tetrabromide,  or  by  heating  the  latter  with  potassium  acetate  and 
acetic  add.  In  tlie  preparation  of  the  tetrabromide  a  small  quantity  of  a  aolid 
modification  of  tribromethene  ia  produced,  which  czyatalliaea  in  colourless  plates 
sparingly  soluble  in  alcohol  and  in  the  tetrabromide,  more  f^ly  in  ether  and  in 
chloroform,  does  not  Tolatiliae  with  steam,  melts  at  175°,  and  decomposes  at  a 
higher  temperature  (Sabanejeff). 

When  aodmm  is  added  to  an  ethereal  solution  of  the  tetrabromide,  tribromethene 
and  bromacetylene  are  formed,  but  no  dibromide  of  acetylene;  amall  quantitiea  ci  the 
latter  are  however  produced  by  heating  the  solution  with  silver-dust  or  mercury 
(Sabanejeff).  When  the  tetrabromide  is  heated  with  alcoholic  potash  in  varying 
proportions,  only  acetylene  and  bromacetylene  are  formed,  while  by  the  action  of 
ailver  acetate,  potaaaium  cyanide,  and  ailver  cyanide,  no  definite  producta  could  be 
obtained.  On  heating  the  tetrabromide  with  alcoholic  potaaaium  or  ammonium 
aulphide,  it  ia  cooveztBd  into  a  atrong-amelling  aulphur-compound,  eiyatalliaing  in 
txanapazent  platea. 

When  an  alcoholic  aolution  of  4  mola.  potaah  ia  gradually  added  to  a  mixture 
of  1  moL  of  the  tetrabromide  and  two  of  aniUnet  the  chief  product  consists  of 
acetylenetriphenyl-triamine : — 

HOB««  HCv-HNO«H» 

I  +  8(H«NC«H»)  +  4HK0  -       |   >NC«H»      +  4KBr  -¥  4H«0. 

HOBr*  HO^-HNOH* 

Fart  of  the  tetrabromide  is  however  resolved  at  the  same  time  b^  the  action  of 
the  potaah  into  acetylene  and  bromacetylene,  on  which  account  it  is  best,  in  pre- 
paring the  acetylenetriphenyltriamine,  to  add  more  bromine  than  would  be  required 
according  to  the  equation  above  given.  Other  secondarv  reactions  also  take  place, 
giving  rise  to  glycollic  acid  and  a  body  having  the  charactera  of  the  iaocyanides 
(Sabuiejeff). 

A  compound  isomeric  with  acetylene  tetrabromide  ia  formed,  according  to  Bour^ 
goin  ifiompt,  reiuL  Izxix  953),  by  the  action  of  bromine  on  dibromosuccinic  acid  at 
170°.  On  dissolving  the  resulting  liquid  in  ether-alcohol,  and  leaving  the  solution 
to  evaporate,  will-defined  crystals  are  deposited,  which  have  the  composition  CH'Br*, 
melt  at  54° — 65°,  distil  with  partial  decomposition  at  about  206°,  are  insoluble  in 
water,  but  dissolve  readily  in  etner,  chloroform,  and  carbon  sulphide.  This  compound, 
which  Bonrgoin  regaida  aa  tetrabromethene  hydride  (or  7-tetrabromethane),  exhibita 
the  phenomenon  of  aurfnaion,  the  introduction  of  a  dratal  of  the  aame  aubstance  into 
the  liquid  inatantly  determining  ita  aolidification :  thia  phenomenon  is  not  exhibited 
when  a  crystal  of  tetrabromethene  hydride  ia  dropped  into  acetylene  tetrabromide. 

Bromacetylene  perhromide,  CHBr^r*,  obtained  by  the  action  of  bromine  on  the 
perbromide  <2f  acetylene,  appeuato  be  identical  in  projperties  with  the  product  formed 
by  heating  tetrabromethene,  0*H*Br*,  with  bromine  m  a  closed  vessel ;  this  product 
is  almost  entirely  soluble  in  alcohol  (Bourgoin,  ibid.  Ixxx.  666). 

When  acetylene  perbromide  is  treated  with  chlorine,  either  in  direct  sunshine  or 
in  diffused  daylight,  a  chlorinated  compound  ia  formed  in  well-defined  rectangular 
priamatic  cj^atali^  hATing  only  a  faint  tafite  but  a  strong  aromatic  odour.  \t\»cAx3^<^  \Ek 

l>2 
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water,  bnt  wdnble  in  alcohol  and  ethar.  Bonzgenn  (ibid.  Ixxix.  1497)  aingna  to  thia 
compound  the  foimnla  CKJlfBi^,  and  represents  its  formation  bj  the  inoozreet  equa- 
tion C«H«Br«  +  CI«  =  2HC1  +  CH3I«Br«, ;  it  should  doubtlesa  be  C«H*Br«+a«  - 
2HBr  4- C*Cl*Br*.  The  compound  sublimes  unchanged  at  a  gentle  heat,  but  de- 
composes when  heated  to  186^  in  a  sealed  tube  into  Br*  and  CHJi*.  It  is  isomeric 
with  perchlorethene  dibromide,  C*01^.Br*,  formed  by  direct  bromination  of  perchlci^ 
etiiene.    (See  OHLOBBTmorBS,  under  ErficmrB.) 

Metallie  Derivative  of  Acetylene, — According  to  Blochmann  {JkiU,  Ckem. 
Oes,  Ber,  Tii.  274)  the  precipitate  formed  bv  passing  acetylene  into  an  ammoTiiafial 
solution  of  cuprous  chloride  has,  when  dried  oyer  calcium  chloride,  the  composition 
C^K^'O,  which  may  be  represented  by  the  structural  formula : 

CH  Ov 

The  silver-compound  has,  in  like  manner,  the  formula  CH'AgH). 

These  fbrmnlsB  (doubled)  differ  from  those  of  Berthelot  (Is^  8uppl,  36),  who 
dried  the  compounds  at  110^-120^,  by  1  mol.  of  water.  These  acetylides  or  metallo- 
vinyl  oxides  appear  therefore  to  fbrm  hydrates  in  the  same  manner  as  metallie 

oxides;  thus: — 

Oaprlo  hjdrate.  Captlc  oxide. 

Ou(OH)«  OuO 

Azgeato-Tlnyl  hydrate.  Axgento-yioyl  ozidB. 

(0«HAg«)«(OH)»  (C«HAg«)K) 

Ooinoeo-'rlnyl  hrdnte.  Oaproio.Tin7l  oxida. 

(0*HOu«)«(OH)«  (0«H0n7K) 

(Berthelot,  Butt.  8oo.  Chim,  [2],  xxii.  441). 

AC«TT&an-TKIFBa«TXi.TBZABKZWB,  C»H»N*.— A  base  formed  by 
the  action  of  alcoholic  potash  and  aniline  on  acetylene  tetrabromide  (p.  35) : 

0«BPBr«  +  3C«H»N  +  4KH0  =  4B:Br  +  4^0  +  C»H>*N«. 

It  forms  soft,  silky  needles,  melting  at  190^,  and  decomposing  when  more  strongly 
heated ;  dissolves  sparingly  in  cold  alcohol,  more  freely  in  hot  ucohol,  and  in  aniline, 
carbon  snlphide,  ether,  and  chloroform.  The  hydrochloride,  CPH**N^C1,  is  readily 
soluble  in  water,  but  insoluble  in  hydrochloric  acid.  This  salt,  as  well  as  the  others, 
decomposes  slowly  when  its  aqueous  solution  is  left  at  rest,  and  quickly  when  heated, 
with  formation  of  aniline.  The  pUainoehhride,  (C^H^'N'OlHy  +  PtCl«,  and  the 
Tnercury-eonqxmnd,  (C^H^*iraCl)^ -i- SHgGl*,  are  insoluble  amorohous  precipitates. 
The  l^e-products  obtained  in  preparing  the  triamine  consist  of  acetjaena,  brom- 
acetylene,  glycollic  acid,  and  a  compound  having  the  smell  of  Uie  isonitrils  (Sabanejeff, 
JAeai^e  Annalen,  clxxviii.  125). 

AOarrxJOia.  This  name,  originally  given  to  the  metallic  derivatives  of 
ace^lene,  has  lately  been  applied  by  Tommasi  a.  Quesneville  to  the  compound 
C>*H**0^  produced  by  the  action  of  ainc  on  acetyl  chloride  (p.  21). 

AOSTTS-OZAMBTlUm.    See  Oxaxsthanx. 

AOBTTX-»ntBTBAVB.    See  Ubbihamb. 

See  Tmo-GABBAxiDBS. 


This  plant,  which  giows  in  Italy  and  in  Provence, 
was  formerly  recommended  as  a  remedy  for  worms  in  children,  but  is  now  cultivated 
only  as  an  ornament.  Its  leaves  when  rubbed  between  the  hands  emit  an  odour 
resembling  that  of  camphor.  It  contains  most  essence  before  it  flowers.  The  essence 
extracted  by  distillation  with  water  has  the  specific  gravity  0*849  at  24^.  It  boils 
at  165^-182^,  the  thermometer  remaining  stationai^  between  180^  and  182^.  This 
fraction,  C^^H^^O*,  is  not  oxidised  by  contact  with  oxygen,  even  in  presence  of 
platinum-black.  With  acid  sodium  sulphite  it  gives  a  milky  emulsion,  which  becomes 
clear  after  several  days.  It  does  not  solidify  at  — 18^.  With  chlorine  it  turns  slightly 
reddish,  and  on  neutralisation  of  the  hydrochloric  acid  with  sodium  carbonate  and 
caustic  potash,  a  brown  insoluble  liquid  rises  to  the  top ;  and  when  this  liquid,  after 
distillation,  is  left  in  contact  with  solid  potassium  hydrate,  the  original  essence  is 
reproduced.  The  same  result  is  obtained  by  treating  the  essence  with  biomine 
(S.  de  Luca,  J,  Pharm,  Chim,  [4],  xviii.  105). 

AOBSSMATITB.  A  molybdo-arsenate  of  lead  from  Guanacer^,  in  the  State  of 
Chihuahua,  Mexico.  It  has  a  compact,  indistinctly  ciystalline  structure,  and  a  liver- 
brown  colour,  but  exhibits  under  the  microscope  individual  grains  of  sulphur-yellow 
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to  ova^ge  and  red  oolous.  The  general  brown  colour  is  due  to  ferric  hydrate, 
FeH)'.^0,  mechanieallY  interspersed  through  the  masSi  and  inemsUng  the  grains  of 
the  pure  mineral.  Streak  pale  cumamon-brown.  Lnstre  between  resinous  and  adaman- 
tine. Translucent. on  thm  edges;  minute  grains,  when  ma^fied,  and  clear  of  iron 
inematation,  are  almost  transparent.  Under  the  polarising  microscope,  light  fragments 
exhibit  colours  in  some  positions,  while  in  otiiers  Uiey  are  without  action  on  the 
polarised  beam ;  this  suggests  ci^tallisation  in  the  dimetric  or  in  the  hexaffonal 
systeuL  8p.  gr.  of  the  solid  grains  b  5*965;  of  the  powder  » 6*178.  Haraness 
between  that  of  ealcspar  and  that  of  fluorspar.  Fracture  nneyen,  verging  in  places 
apon  oonchoidal.    The  mineral  is  easily  broken  and  pulyerised. 

Before  the  blow-pipe  it  exhibits  the  usual  chitfacters  of  arsenic,  molybdenum 
and  lead.  It  is  decomposed  with  difficulty  by  boiling  with  strong  hydrochloric 
acid,  and  on  adding  water  and  metallic  tin,  a  dark  blue  odour  ib  gradi^y  developed. 
It  is  imperfectly  decomposed  by  nitric  acid,  and  on  heating  it  with  strong  sulphuric 
add,  adding  alcohol,  ana  cooling,  a  fine  sapphire-blue  colour  is  produced. 

The  analysis  of  three  portions,  taken  from  different  parts  of  the  mineral,  gave, 
after  deduction  of  ferric  hydrate,  which  is  merely  admixed,  the  following  results : 

(1)  («)  (»)  MCM. 

As'O*       ....  1802  17-99  18*73  18*25 

MoO*        ....  519  4*87  4*98  6*01 

a 2*14  208  2-24  215 

Pb  (as  chloride)        .  6*26  607  6*52  6*28 

PbO  remaining          .  68*40  68*99  67*63  68*31 

100*00     10000     100*00     leo'oo 

These  numbers  agree  nearly  with  the  formula  3(3Pb^As*0*.PbCl')  -i-  4Pb'MoO* 
(Mallet*  Chem.  8oe.  Jawr.  1876,  p.  1141). 

SeeBBXTEor. 


ACXlMi.  SUtU  of  Acids  in  Aquwui  Solution, — ^Berthelot,  from  his  thermo- 
chemical  researehes  on  the  reaction  between  water  and  acids,  infers  that  various  definite 
hydrates  are  foxmed  in  their  aqueous  solutions.  In  the  case  of  nitric  add,  for  example, 
he  finds  that  the  enrve  which  represents  the  rise  of  temperature  on  mixing  the  add 
with  water  in  various  proportions,  exhibits  several  points  of  discontinuity,  indicating  the 
existence  of  definite  hydrates  (Compt  rond,  Ixxviii.  769).  Aeoord&g  to  Thomaen,  on 
the  other  hand  [DeuL  Ckem,  Geo.  Btr,  vi.  697 ;  vii.  772 ;  Chan,  Soe,  Jour,  [2],  xii. 
1062),  tlus  supposed  diseontinuitj  does  not  exist,  the  curve  which  represents  the  nse  of 
temperature  on  mixing  nitric  add,  NO*H,  with  water  in  proportions  varying  from 
0  to  6  mols.  beinff  perfectly  continuous :  hence  Thomsen  infers  toBt  nitric  add  does  not 
form  definite  hydrates ;  and  the  same  is  the  case  with  other  adds.  This  oondusion 
is  quite  in  accordance  with  the  results  obtained  by  Roscoe,  who  found,  in  Uie  case  of 
nitric,  hydrochloric,  sulphuric,  formic,  acetic  and  several  other  adds,  Uiat  mixtures 
of  add  and  water  can  be  formed,  which  boil  at  constant  temperatures  under  any  ^ven 
pressure,  but  that  the  proportion  required  to  produce  a  mixture  of  constant  boiling- 

Kint  varies  with  the  pressure  itself  (C^em.  Soe.  Jour,  xiii.  68  ;  xv.  287 ;  and  this 
ictionazy,  i.  892;  iL  687 ;  iv.  80;  Is^  Suppl.  7). 
Bespecting  the  representation  of  the  smpposed  hydrates  of  the  monobadc  fatty 
adds  as  atomic  compounds,  see  Grimaux  CBuU,  Soe,  Ckim,  [2],  xviii.  536 ;  Chem, 
Soe,  Jour,  [2],xi.  871 ;  also  Geuther,  Deut,  C%em,  Oe$,  Bir.  vi.  408);— also  Cabbuiiis, 
in  this  volume. 

Oombining  ProwrHoM  of  Aoido  tmi  Boies, — G.  Widemann  {J.  jpr.  Chem,  [2],  ix. 
146)  has  studied  tine  acUon  of  sulphuric  add  on  ferric  oxide  in  various  proportions 
with  the  view  of  determining  the  dfect  of  varying  the  proportion  of  add  and  base  on 
the  eompodtion  of  the  resulting  salt,  and  the  quantity  of  acid  or  base  left  free. 

The  main  results  of  the  investigation  are  as  follows : — 

(1.)  If  to  an  aqueous  solution  of  colloid  ferric  oxide  in  a  little  sulphuric  acid,  fresh 
q^oantities  of  sulphuric  add  are  continually  added,  the  quanti^  of  sulphate  in  the  soIup 
tion  gradually  increases,  while  portions  or  the  coUoi'd  oxide  of  iron  and  of  thesulphurie 
add  remain  uncombined.  Even  if  the  quantities  of  sulphuric  acid  and  ferric  oxide 
are  in  exactly  equivalent  proportions,  still  only  about  76  per  cent,  of  them  combine, 
while  25  per  cent,  of  the  eqmvalent  of  acid  and  oxide  remains  free  in  the  solution. 
If  the  quantity  of  sulphuric  add  is  less  than  that  which  corresponds  with  an 
equivalent  of  Uie  dissolved  oxide,  the  quantity  of  sulphate  formea  rises  at  first 
somewhat  more  quickly  than  that  which  corresponds  with  the  increase  of  acid,  then 
g^ually  reaches  a  maximum,  so  that  half  an  equivalent  of  the  acid  which  is 
Mdded  to  the  eulntjon  after  the  Bret,  combinw  with  about  15  per  cent.  mox«  ol  Vibft 
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eanivalent  of  oxide,  and  a  farther  half-equivalent  of  acid  with  about  4  per  cent.  If 
about  fbur  equivalente  of  acid  are  used  to  one  of  oxide,  almost  all  the  oxide  enters 
into  combination  with  the  acid,  and  the  maximum  is  so  nearly  reached  that  the  differ- 
ence is  covered  bj  the  errors  of  manipulation. 

(2.)  Whether  the  oxide  and  acid  are  added  in  exact  equivalents  or  in  other  prq^r- 
tions,  the  relative  quantities  of  sulphate  formed,  and  of  £^  oxide  and  acid  remaining, 
are  not  much  affected  by  variations  in  the  amount  of  water  in  the  solution.  Hence 
it  follows  that  if  the  salt  formed  is  insoluble,  it  will  be  precipitated,  and  part  of  the 
remaining  free  acid  and  oxide  will  combine,  and  a  further  precipitation  will  take  place, 
and  so  on,  till  the  whole  of  the  base  and  acid  are  precipitated.  In  this  case 
the  original  proportion  of  combined  and  free  add  and  base  cannot  be  directly  de- 
termined. 

(3.)  B^  addition  of  increasing  quantities  of  acid  to  one  equivalent  of  ferric  oxide 
the  quantity  of  free  acid  in  the  solution  at  first  diminishes,  till  the  whole  quantity  of 
(free  and  combined)  add  in  the  solution  amounts  to  somewhat  more  than  one  equiv- 
alent. On  further  addition  of  add,  the  quantity  of  free  acid  in  the  solution  increases. 

(4.)  If  the  quantity  of  feiric  sulphate  formed  when  one  equivalent  of  ferric  oxide 
is  employed  is  divided  b^  the  equivalents  of  acid  used,  it  is  found  that  the  quanti^of 
ferric  oxide  combined  with  an  equivalent  qoantity  of  add  is  greatest  when  the  quantity 
of  add  in  the  solution  amounts  to  somewhat  more  than  one  equivalent  of  acid  to  one 
of  oxide.  With  laiger  quantities  of  acid,  the  quantity  of  oxide  in  combination  with 
one  equivalent  of  add  is  smaller.  With  an  infinite  quantity  of  add  it  would  be 
infinitely  small.  The  same  proportion,  however,  also  holds  eood  with  smaller  quantities 
of  acid,  although  it  might  be  supposed  that  the  acid  would  saturate  itself  with  the 
excess  of  oxide  present. 

Combinatum  qf  the  Fatty  Aeide  with  AlkaUi.—Bactheiot  (Bull.  8oc,  Chim,  [2], 
xxiii.  290,  807)  has  made  experiments  on  the  heat  evolved  in  the  formation  of  this 
alkaline  salts  of  the  first  five  acids  of  the  &tty  series  f  formic  to  valeric),  the  stability 
of  these  salts  in  presence  of  water,  and  their  redprocal  displacements. 

The  quantities  of  heat  evolved  in  the  formation  of  the  normal  salts  of  these  five 
adds  with  the  same  bases  in  dilute  solution  are  nearly  equal ;  the  heat  increasing 
slightly  with  the  molecular  weight  of  the  add,  and  vaiying  a  little  with  the  degree  (3 
dilution. 

The  various  isomeric  adds  of  the  butyl  and  amyl  series  disengage  exactly  the 
same  amount  of  heat  in  combining  with  the  same  base,  and  cannot,  therefore,  be  dis- 
tinguished by  this  means. 

In  contact  with  water,  the  alkaline  salts  of  the  fatty  adds  exhibit  a  degree  of 
stability  intermediate  between  that  of  the  strong  adds,  whose  salts  are  not  appar- 
entlv  decomposed  by  water,  and  those  of  the  weak  adds,  such  as  carbonates,  sul- 
phides, and  borates,  which  undeigo  partial  decompodtion.  They  approach  more 
dosely  to  the  weak  adds  in  proportion  as  their  equivalent  rises,  from  formic  acid, 
which  is  almost  as  eneigetic  as  the  mineral  adds,  to  valeric  add,  the  neutral  salts 
of  which  are  easily  changed  into  acid  salts  by  evaporation,  and  to  stearic  and  muvniio 
acids,  the  alkaline  salts  of  which  are  veiy  easily  decomposed  by  cold  water.  These 
salts  disengage  heat  on  dilution,  especially  sodium  butyrate  and  valerate. 

Influence  of  an  Excess  of  Base. — ^All  the  neutral  sodium  salts  of  the  fiitty  acids 
evolve  an  additional  quantity  of  heat  in  presence  of  an  excess  of  base.  This  heat  is 
developed  on  the  addition  of  a  small  quantity  of  base,  and  is  probably  due  to  the-fe- 
constitution  of  a  neutral  salt  which  had  been  previously  decomposed  by  the  water 
into  add  and  base.  A  further  addition  of  base  has  no  appreciable  effect.  The  evolu- 
tion of  heat  by  excess  of  base  is  greater  for  the  butg^rate  and  valeiate  than  for  the 
acetate  and  formate,  showing  that  the  decompodtion  of  the  neutral  salt  increases 
with  the  molecular  weight  of  the  fatty  acid  present. 

Influence  of  Excess  <^  Acid. — ^The  addition  of  an  excess  of  acid  to  an  alkaline  salt 
also  causes  a  disengagement  of  heat,  which  is  especially  sensible  when  the  amount  of 
acid  added  is  small ;  and  the  amount  of  heat  increases  with  the  equivalent  of  the  add. 
The  heat  disengaged  by  the  addition  of  an  excess  of  add  is  greater  than  that  wfaidi 
is  produced  by  a  similar  excess  of  base. 

Reciprocal  Displacements  of  the  Fatty  Acids. — When  acetic  acid  is  added  to  sodium 
formate,  or  formic  acid  to  sodium  acetate,  there  is  a  disengagement  of  heat  which  is 
due  to  tJie  formation  of  acid  salts.  In  those  reactions  there  are  two  contraiy  thermic 
effects :  the  partial  substitution  of  one  acid  for  another  causes  an  absorption  of  heat» 
and  the  formation  of  acid  salts  causes  a  disengagement  of  heat,  and  in  these  cases  the 
latter  preponderates.  Similar  results  generally  occur  with  other  acids  of  the  series, 
I»i£  in  eome  discs,  as  in  the  addition  of  formic  acid  to  sodium  'valerate,  it  depends 
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irooQ  the  proportion  of  acid  added,  whether  the  net  result  is  a  disengagement  or  an 
ahaorption  of  heat. 

The  heat  of  formation  of  the  neutral  salts  of  the  fatty  acids  in  the  solid  state  is 
leas  than  the  heat  cTolved,  under  similar  circumstances,  with  stronger  acids,  such  as 
•ulphuric,  nitric,  or  oxalic  acid :  formic  acid,  heing  the  richest  in  its  percentage  of 
OKjgeo,  arolyes  the  largest  amount  of  heat,  hut,  contrary  to  the  results  obtained  in 
■olntion,  tha  heat  diminishes  as  the  molecular  equiyalent  of  the  acid  increases,  and 
this  diminution  is  correlatiTe  with  a  diminution  in  the  stability  of  the  salt.  (See 
fbrther,  Oompt,  rmul,  Ixzxl  844  ;  Chem,  800.  Jour,  1876,  i.  618.) 

SjBtliesU  of  Aromatlaed  Vattgr  Aeida.  Conrad  a.  Hodgkinson  (Deui, 
Gkem,  Get,  Ber.  x.  254).— When  benzyl  acetate  (800  grams)  is  heated  to  120° 
with  sodium  (12  grams)  a  yiolent  reaction  takes  place,  attended  with  evolution  of  hydro- 
gen. The  chief  products  of  the  reaction  are  sodium  acetate  and  an  oily  body,  boiling 
abore  300°,  ana  giving  on  analysis  numbers  agreeing  with  the  formula  C"H**0*. 
The  latter  product,  when  boiled  with  baxyta-water,  is  decomposed  and  yields  a  barium 
salt,  the  add  of  which  agrees  in  composition  with  the  formula  C*H^O*,  melts  at  46°, 
and  has  the  characteristic  properties  of  3-phenylpropionic  or  hydiucinnamic 
acid. 

The  compound  C*'H"0*  is  therefore  the  bencylic  ether  of  hydrocinnamic  acid, 
C^H'O'.O'H',  or  h^drodnnamein.  It  appears,  thmfore,  that  benzyl  acetate  is  not 
acted  upon  by  sodium  in  the  same  maimer  as  the  acetic  ethers  of  the  fatty  series,  but 
that  the  reaction  takes  place  mainly  in  accordance  with  the  equation : 

2(CH».CX)KI»H»)  +  Na  -  CH«.CX)«Na  +  OH'O^.CTH'  +  H. 

Benzyl  but^te  similarly  treated  yields  the  beniyl- ether  of  phenyl-Taleric  acid 
— a  liquid  boilm^  at  240°-250°  under  a  pressure  of  120  mm.  This  substance  is  de- 
eompoaed  by  boiling  baryta-water,  yielding  an  acid  melting  at  78°. 


Beckett  a.  Wright  (YBor-book  qf  Pharmacy,  and 
Piarm.  Cvnf,  7h»w.  1875)  have  analysed  yarious  alkaloids  and  their  salts  prepared 
firom  aconite  roots,  by  Mr.  J.  B.  Groyes,  in  the  fi^owinff  way.  The  ground  roots 
were  treated  in  a  percolator  with  alcohol  acidulated  with  hydrochloric  add ;  and  the 
rMultisff  extract  was  boiled  down  to  a  small  bulk,  predpitated  with  ammonia,  and 
agitated  with  ether,  whereby  a  mixture  of  bases  was  obtained. 

Boots  of  Aoomtum  ftrox  (Nepaul  aconite)  thus  treated  yielded  an  ethereal  extract 
from  which  a  base  crystallised  uy  spontaneous  evaporation ;  this  base,  called  by  Mr. 
Groves  '  peeudaconitine,'  yidds  ndts  so  difficultly  ciystallisable,that  hitherto  they  have 
been  obtaiaed  only  as  varnishes.  After  sevend  puriflcatiooi  by  crystallisation  from 
fliher  and  alcohol,  it  gave  numbers  agredng  best  with  the  foimnla,  0"'H**NO'* ;  the 
platinum  salt  is  somewhat  readily  soluble  in  water  and  aloohd,  and  does  not  ciystal- 
use  readily.  This  base  is  apparently  the  main  ingredient  in  the  preparations 
varkmsly  dedgnated  as  '  Bngiisn  aeonitine,'  *  paraconitine,'  &e. 

By  converting  this  substraoe  into  iodomereurate  (by  predpitation  with  mercuric 
iodide  dissolved  m  potassium  iodide),  and  regeneration  by  means  of  sulphuretted 
hydrogen  (to  remove  mercuxy)  and  lead  acetate  (to  eliminate  iodine)  in  alcoholic  solu-, 
tion,  more  or  less  change  seems  to  be  produced.  One  spedman  thus  prepared  ciys-* 
tallised  in  well-defined  rhombdiedrons,  which  showed  a  diminished  percentage  of 
carbon  as  compared  with  the  original  *  paeudacooitine ; '  the  quantity  of  these  crys- 
tals, however,  was  insuffident  for  the  complete  detennination  of  the  formula.  Other 
^edmens  prepared  in  this  wuy  f^m  '  pseudaconitine '  exhibited  the  same  kind  of 
action,  the  percentage  of  gold  in  the  gold  salt  being  somewhat  raised,  and  hence 
apparently  tne  molecular  weight  of  the  Iwse  being  lowered ;  these  spedmens,  however, 
dm  not  aystallise  in  the  well-defined  rhombohedrouf  exhibited  hy  the  other  substance. 
•  hXi  these  spedmens  appeared  to  be  eminently  toxic.  Beddes  '  pseudaconitine,' 
amorphous  or  difficultly  crystallisable  alkaldids  were  obtained  from  the  alcoholic 
extract ;  but  they  have  not  yet  been  fully  examined. 

Boots  otAconitum  NapeUua  treated  in  the  same  way  yidded  a  mixture  of  at  least 
two  alkaloids,  forming  readily  ciystallisable  salts,  besides  other  amorphous  bases. 
Of  these  two  bases,  one  separated  partially  as  a  hydii»chloride  at  a  certain  stage 
during  the  worldnff  up  of  the  ethereal  solution ;  this  hydrochloride,  when  purified  hj 
suoeesdve  czysts^sations,  yielded  numbers  agreeing  best  with  the  formula, 
0'>H«NO'*.HGLliH*0,  the  formula  of  the  free  base  being  0**H»NO**,  and  that  of 
the  gold  salt  0*>H^N0>*.HCl.Au01*.  The  platinum  salt  of  this  base  is  also  some- 
what readily  soluble.  Although  l^e  salts  (e.y.  the  nitrate  and  hydrochloride)  of  this 
base  ciystaUise  with  great  facility,  it  was  not  found  practicable  to  obtain  the  free 
base  in  a  crystallino  form;  from  all  solvents  tried,  it  separated  only  as  a  ramibh. 
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CknnpanitiTely  Bpeaking,  thia  base  is  inert ;  its  salts  do  not  produce  the  tongue- 
prickling  characteristic  of  aconite  roots,  but  have  a  pure  bitter  taste. 

The  liquor  from  which  this  hydrochloride  separated  contained,  besides  a  laxge 
quantity  of  the  non-dystallisable  base,  a  second  alkaldd  separating  bv  «pon- 
taneous  eyaporation  from  the  ethereal  solution  of  the  mixed  bases  in  anhjdroua 
dystals ;  after  several  ciystallisations  from  ether,  it  gave  numbers  leading  to  the 
formula  0"H«NO»«,  the  nir-diy  hydrochloride  being  0"H«N0'».Ha.8H«0.  This 
substance  agrees  in  physiological  and  physical  characters  with  the  '  aconitine  *  of 
Duquesnel  and  others ;  Duquesnel,  however,  attributed  to  crystallised '  aconitine '  fieom 
A.  ifapeilus  the  formula  C'*''H**NO**  (2nd  Suppl.  28),  which  requires  numbers  veiy 
different  from  those  above  given ;  his  mode  of  preparation,  however,  was  somewhat 
different  from  that  adopted  b^  Mr.  Groves,  alcoholic  tartaric  acid  being  employed 
instead  of  alcoholic  hydrochloric  add,  and  the  extract  being  evaporated  at  a  temper- 
ature not  exceeding  60^.  Subjecting  the  alkaloid  to  the  mercuric  iodide  process  seems 
to  lower  its  molec^ar  weight. 

It  seems  highly  probable,  on  comparing  the  above  results  with  those  of  others 
who  have  worked  on  the  subject,  that  the  aconite  roots  contain  various  alkaloids,  or 
else  that  the  alkaloid  present  is  extremely  alterable.  Duquesnel  has  suggested  that 
'  aconitine '  is  probably  a  glucoside ;  this  view  b  quite  in  narmony  with  the  results 
obtained,  different  specimens  being  not  improbably  mixtures  of  the  glucoside  and  the 
product  of  its  dog^ucosation.  '  Pseudaconitine,'  when  left  in  contact  with  water  and 
ctaulsin,  emits  an  unpleasant  fermentative  odour,  and  partially  dissolves ;  the  solution 
containing  a  salt  whicn  gives  a  reddish  coloration  with  ferric  diloride— presumably  an 
acetate :  no  glucose,  however,  could  be  detected  in  the  liquid  at  any  stage  of  the 
action  (see  fiuther  Wright,  Ckem.  8oe,  J,  1877,  i.  148). 

Zinoffiiky  (Chem,  CetUr,  1878,  168)  estimates  aconitine  by  means  of  a  standard 
solution  of  potassio-merenric  iodide,  prepared  by  dissolving  18*546  grams  of  mercuric 
chloride,  and  49*8  grams  of  potassium  iodide  in  a  litre  of  water.  A  dilute  solution  of 
aconitine  in  sulphuric  acid  is  treated  with  alcohol,  the  alcohol  is  removed  by  evapora- 
tion, and  the  liquid  treated  with  the  standard  mercuric  solution  prepared  as  above, 

1  cc  of  which  throws  down  g^g  of  an  equivalent  of  aconitine.  The  final  point 
in  the  titration  is  determined  hf  filtering  a  few  drops  of  the  liquid  into  a  watoh-gjass 
placed  on  bladt  paper,  and  adding  one  drop  of  the  standard  solution.  If  the  reaction 
IS  complete,  not  tne  slightest  turbidity  will  appear.  The  number  of  cubic  centi- 
meters added,  multipUed  by  0*02666  and  increased  by  0*0006,  gives  the  amount  of 
aconitine. 

On  the  solubility  of  aconitine  in  chloroform,  see  Auulloids. 

ACOWmo  AOfllt  0*HH)*.  This  acid  has  been  found  by  A.  Behr  {DmU. 
CKem,  Oea,  Ber,  x.  861)  in  concentrated  cane-juice  {Mdado)  imported  from  the  West 
Indies.  The  acid  thus  obtained  was  found  to  agree  in  composition,  and  in  the  cha- 
racters of  its  ammonium  and  calcium  salts,  with  aconitic  acid  prepared  from  citric 
acid,  but  its  melting  point  was  172^-178®,  whereas  that  of  aconitic  acid  is  generally 
stated  to  be  about  140^.  Behr  finds,  however,  that  this  latter  melting  point  is  mu<m 
too  low.  ilconitic  acid,  prepared  by  decomposition  of  citric  acid,  was  found,  after 
.  purification,  to  melt  at  168^-169^  and  when  still  further  purified,  at  187^-188^ 
The  true  melting  point  is  difficult  to  determine,  inasmuch  as  the  acid  in  melting 
si^fers  partial  decompositioc. 

According  to  Pawolleck  {LUbi^B  AnnaUn,  dxxviii.  160),  pure  aconitic  acid  is 
most  readily  obtained  by  heating  100  grams  of  citric  acid  in  a  small  flask  provided 
with  a  bent  distillation-tube  half  a  meter  long,  until  the  whole  tube  is  coated  with 
small  oily  drops.  The  residue  is  then  heated  in  a  basin  on  a  water-bath  with  16 
grams  of  water,  until  it  becomes  solid  and  cijrstalline.  On  adding  pure  ether  to  the 
powdered  mass,  aconitic  acid  dissolves,  and  citric  acid  is  left  behind.  Pure  aconitic 
acid  is  not  precipitated  by  boiling  with  lime-water,  and  does  not  prevent  the  precipi- 
tation of  ferric  oxide  by  ammonia,  but  the  presence  of  a  very  small  quantity  of  citric 
acid  prevents  it.  The  latter  may  also  be  detected  by  preparing  the  barium  salts  aiid 
examining  them  under  the  microscope,  barium  citrate  showing  very  characteristic 
forms. 

Aconitic  acid  combines  with  hypochlorous  acid,  but  the  monochlorodtric  acid  thus 
formed  cannot  be  isolated,  nor  can  its  salts  be  obtained  in  the  pure  state,  because  they 
readily  decompose,  with  formation  of  a  chloride  and  an  oxycUrate, 

ACSOCIBVB.  The  wood  of  several  of  these  plants,  including  that  of  a  tree- 
fern  from  Australia,  has  been  analysed  by  G.  W.  Hawes  {8 VI.  Am,  Jour,  [3],  vii. 
685),  whose  analyses  show  that  it  does  not  differ  in  ultimate  composition  from  that 
of  other  trees. 

^gmoXB^CTXC  ACX»»  0"H<0*   ==   C1I(0KV:^CH— CO^H.    ^u  ^\d  T^Wted 
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to  Uetio  acid  in  the  same  manner  as  acirlic  to  propionic  acid.  Its  barium  salt  is 
formed,  together  with  barium  chloride  and  alcohol,  by  the  action  of  boiling  baiyta- 
water  on  ethyl  chloracxylate  (p.  45) : 

2(0HCl=CH— COK?H»)  +  2Ba(0H>«  «  Bad*  +  2C«H»(0H) 

+   [OH(OH)=CH— CO«]*Ba. 

Bj  eraponting  the  mixture  of  barium  chloride  and  acroUctate,  adding  alcohol  to 
■epaimte  the  greater  part  of  the  barium  chloride,  then  exactly  precipitating  the  re- 
mainiiig  barium  with  sulphuric  add,  concentrating  the  filtrate  on  the  water-bath, 
and  fiiwlljr  eraporating  oyer  sulphuric  acid,  the  acrolactic  acid  is  obtained  as  a  thick 
sjymp  which  shows  a  tendency  to  cirstallise.  The  nlver  salt,  CPH'AgO',  is  white, 
blackens  quickly  on  exposure  to  light,  and  is  moderately  soluble  in  water  (Pinner, 
IkmL  Ckem.  Gm.  Sir,  in.  260). 

AOaoXdUVf  O'HH).  Formation  from  Ethylene. — When  a  mixture  of  ethylene 
with  a  quaotityof  oxygen  considerably  less  than  sufficient  for  its  complete  combustion 
{jLe,  an  equal  yolume  or  less),  is  exploded  br  the  electric  spark,  the  carbon  is  partly 
■eparated.  partly  oxidised  to  monoxide,  while  the  hydrogen  is  set  free,  and  a  portion 
of  the  carbon  monoxide  thus  formed  unites  with  undecomposed  ethylene,  xorming 
aciolein,  0*11* +CX)  »  0"HH).  The  presence  of  acrolein  vapour  in  the  gaseous 
product  of  the  reaction  may  be  recognised  by  its  intensely  pungent  odour,  and  by 
shaking  up  the  mixture  with  ether  ^e  from  alcohol,  which  dissolves  the  acrolein, 
forming  a  solution  which,  when  treated  with  moist  silver  oxide,  yields  silver 
aeiylate  identleal  in  prraerties  with  that  prepared  from  ordinary  acrolein,  and  giving, 
whan  decomposed  by  snlphurio  add,  the  characteristic  odour  of  acrylic  add.  The 
fonnataon  of  aetolem  by  the  combination  of  ethylene  and  carbon  oxide  takes  place 
only  when  the  carbon  oxide  is  in  the  nascent  state,  no  such  effect  being  produced 
when  electric  sparks  are  passed  through  a  mixture  of  ethylene  and  ready-fonned 
carbon  oadde  (E.  von  Ifeyer,  J,fT,  Chem,  [2],  x.  113). 

Bmeiume, — 1.  "With  Amtnonmrn  Thlocarbamate,  acrolein  forms  diallylidene-am- 
monimn  thioearbamate : 

OSl^^H*  -^  20iH*0  .  2HH)  +  CSlNH^^-HM* 

(£.  Mulder,  LM^e  JmaUn,  dxviii.  228). 

2.  With  Alkaline  SiMfi^»JUfof.— Hubner  a.  Geuther,  by  treating  acrolein  with  acid 
•odium  folphite,  obtained  an  uncrystaUisabls  eompound  from  which  ndther  acrolein 
nor  snlphnroiis  add  could  be  produced  (i.  67)-  Max  Miiller  (Deut.  Okem,  Qee,  Ber,  vi. 
1441^  finds  that  idien  1  mol.  acrolein  is  added  br  small  portions  to  a  well-cooled 
■olutKm  of  2  mols.  add  potassium  suljphite,  the  odour  of  acrolein  disappears  entirely, 
but  is  reproduced  permanently  on  addition  of  a  larger  quantity.  The  resulting  liquid 
dbeA  not  yield  any  crystalline  product ;  when  treated  with  acids,  it  gives  off  sulphur 
dioxide  (naif  the  amount  which  it  contains),  but  no  aeroldn ;  with  barium  chloride,  on 
addition  of  ammonia,  it  gives  a  predpitate  of  barium  sulphite  (also  representing  half 
the  sulphur  contained  in  it) ;  anii  it  reduces  an  ammoniacal  solution  of  silver.  Alcohol 
precipitates  from  it  a  viscid  mass,  solidi^ring  after  a  while  to  crystalline  nodules, 
which  when  ^ed  at  140^,  have  a  compomtion  answering  to  the  formula  C*H*K^O', 
or  C^K).2S0'K.  Mnller  designates  the  add  C^«SK)',  corresponding  with  the  salt, 
as  snlphacrolein-sulphurous  acid,  and  represents  its  constitution  by  the 
fommU  CH»— CH(SO«HW<XOH«C«B[. 

The  potasdum  salt  of  this  ado,  treated  with  ammoniacal  diver  solution,  yields  the 
•ulphopropionic  acid,  CH»—CH(SO»H)—COOH,  described  by  Bockton  a.  Hof- 
Buum,  and  by  reduction  with  sodium-amalgam,  oxypropanesulphonic  acid, 
CH^OH^SO'H.  Mnller  supposes  that  the  sulphacroleinsulphurous  acid  is  first 
ooovertedC  br  loss  of  sulphurous  add  and  water,  into  aeroleinstdphuroua  aeid, 
CM'— OH(SO'H)— GEO,  which  then  yields  oxypropanesulphonic  acid  by  reduction, 
and  solphoptopionic  add  by  oxidation. 

AerolelB  mbr— itde,  Cfl^OBr*.  This  compound,  formed  by  direct  combination 
{lei  SiepfL  66)  is  liquid  in  the  first  instance,  but  according  to  L.  Henry  (Deut.  Chem. 
Gee,  Ber.  vii.  1112)  it  is  converted  by  contact  with  nitric  acid  into  a  solid  pol^eride 
which  crystallises  from  hot  water  in  shining  laminie,  and  by  slow  evaporation  m  well- 
defined  prismatic  crystals,  melting  at  69^,  very  slightly  soluble  in  cold  water,  much 
more  eadly  in  warm  water,  and  still  more  in  alcohol.  The  alcoholic  solution  saturated 
with  hydrochbric  add  yields  a  body  heavier  than  water,  insoluble  therein,  and  boiling 
above  200^ ;  it  has  not  been  analysed ;  but  Henry  regards  it  as  probably  having  the 

eompotttion  0^«Br<^^^* 
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Aeoozdbg  to  Tiinnwnann  a.  Fenl,  on  the  other  hand  (DmU,  Okem,  Om.  Ber,  yiii. 
1097),  the  8(mdification  of  the  liquid  dibromide  under  the  infinence  of  nitric  acid  is 
by  no  means  of  constant  ocoorrenoe,  and,  moreoTer,  nitric  acid  is  not  essential  to  its 
prodnction,  inasmuch  as  the  liquid  compound  nill  sometimes  solidify  under  water, 
and  more  or  less  completely  when  simply  left  to  itsel£ 

The  properties  of  solid  acrolein  dioromide  differ  to  a  certain  extent,  according  to 
the  circumstances  under  which  the  solidification  has  been  effected.  When  solidified 
^  nitric  add,  it  may  be  reczystallised  from  boiling  benzene,  but  not,  as  stated  by 
Henzy,  ficom  water.  It  then  forms  microscopic  prisms,  melting  at  66^.  In  the  ftised 
state  it  exhibits  yezy  remarkable  properties,  and  decomposes  with  unusual  facility  on 
slight  elevation  of  temperature.  When  solidified  under  water,  the  dibromide  is 
somewhat  more  soluble  in  benzene,  but  dystallises  in  the  same  form,  and  melts  at 
60^.  The  solid  dibromide  changes  spontaneously  alter  some  time  into  the  liquid 
modification,  which  still  retains  th»  property  of  scSidifying  under  water. 

The  freshly  prepared  liquid  and  the  partially  solidified  dibromide  are  Tiolently 
oxidised  bjr  mtnc  acid  of  sp.  gr.  1*42,  eyen  at  ordinary  temperatures.  Dilute  nitric 
acid  likewise  oxidises  them  slowly  in  the  cold,  more  quiddy  with  the  aid  of  heat. 
The  peHectly  solidified  dibromide  behaves  in  the  same  manner,  dissolving  dowly  and 
with  oxidation  in  nitric  add  of  sp.  gr.  1*42,  diluted  with  2  vols,  water.  Heniy's  state- 
ment that  acrolein  dibromide  is  not  oxidised  by  nitric  add  appears,  therefore,  to  be 
moozrect. 

The  products  of  the  oxidation  of  acrolein  dibromide  are  raominated  oiganic  acids. 
With  nitric  add  of  sp.  gr.  1'42  added  in  equivalent  quantity,  the  mixture  being  cooled 
at  first  and  afterwards  heated,  the  product  consists  of  dibromopropionic  acid, 
CH^rH)',  identical  with  that  which  is  obtained  ficom  the  dibromide  of  allyl  alcohol 
(see  PBOFiomo  Acm^.  Witi^  excess  of  nitric  add,  a  la^  quantity  of  oxalic  add  is 
produced,  together  with  tribromopropionic  acid,  melting  at  93^. 

Bv  oxidation  with  cold  dilute  nitric  add,  two  brominated  adds  are  obtained,  one 
liquid,  the  other  ciystdlisable.  The  liquid  acid  dissolves  sparingly  in  water,  easily 
in  carbon  sulphide.  Its  sodium  salt  crystallises  in  a  mass  of  thin  silky  needles,  and 
contains  an  amount  of  bromine  approximately  equal  to  that  of  sodium  dibromo- 
propionate.  The  solid  add  is  msoluble  in  carbon  sulphide,  but  dissolves  easily  in 
water,  and  may  be  crystallised  bj  cooling  from  its  solution  in  chloroform  prepared  at 
the  boiling  heat.  Alter  drying  m  a  vacuum,  it  melts  at  98^,  and  contains  an  ^umonnt 
of  bromine  equal  to  that  of  sodium  dibromolactate  (Linnemann  a.  Penl). 

Seaettona  of  Aeroleia  Bjdroeliloiide  (Taubert,  Jwaiaehe  ZeiUekr,  f, 
Natwrwiumiohaft,  x.  1-25). — 1.  WUh  AloohoUc  Sodium  Etkylate, — ^When  acrolein 
hydrochloride  is  warmed  with  a  slight  excess  of  sodium  ethylate,  formed  by  dissolving 
1  part  of  sodium  in  9  parts  of  absolute  alcohol,  a  violent  reaction  takes  place; 
sodium  chloride  is  separated  in  large  quantity ;  and  a  liquid  is  formed,  f^m  whidi, 
by  distillation  with  water  and  other  processes,  the  following  bodies  have  been  obtained, 
together  with  some  others  not  yet  investigated : 

a.  Mttaerolmn,  formed  in  accordance  with  the  equation : 

0»H<O.Ha  +  (?H»NaO  -  0»H«0  +  0»H«0  +  NaCSL 

b.  A  body  formed  by  the  replacement  of  chlorine  in  acrolein  hydrochloride  by 
ethoxyl,  and  hence  having  the  formula, 

CH' 
C»H"0«  «  OH.OO»H». 
OOH 

This  is  a  colourless  oily  liquid,  of  peculiar  aromatic  odour,  and  bitter  acrid  taste, 
burning  with  a  blue  non-luminous  flame.  It  dissolves  in  alcohol,  ether,  and  water. 
Sp.  gr.  0*986  at  4^.  It  b(^;in8  to  boil  at  180®,  but  cannot  be  distilled  without  de- 
compodtion. 

0.  A  thick  oily  liquid,  of  yellow  colour  and  neutral  reaction,  dissolving  eamly  in 
alcohol  and  ether,  but  not  in  water,  and  giving,  on  analysis,  numbers  ajpweing  with 
the  formula  O^H'O'.  This  substance  is  decomposed  by  distillation,  yielding  at  first  a 
large  quantity  of  acrolein,  and  afterwards  the  compound  CH'*0'  (jb)  perfectly  pure, 
whilst  a  black  carbonised  mass  is  left  in  the  retort 

d.  A  rennous  substance  having  the  composition  and  properties  of  hexacrolie  aeid, 

9.  A  body  which  agrees  approximately  with  the  formula,  C*H"NaO^,  and  may, 
therefore,  be  regarded  as  the  sodium  salt  of  a  monobasic  acid,  C*H'*0^  {triacrolio 
acid),  formed  by  the  combination  of  3  mols.  of  acrolein  with  1  mol.  of  'U'atcr. 
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2.  WUk  Pkoapktmu  Oxyeklorids  omd  THdUortd^.— Aerolein  hydrochloride  is  not 
■tucked  bj  phosphomt  ozjchloride  in  the  oold,  but  when  it  is  wErmed  therewith, 
a  briek  reaction  tekee  place,  hydrogen  chloride  ia  eyolyed  in  large  quantity,  and  the 
eompoimd  ia  carboniaea,  and  in  the  end  completely  decompoaed. 

fhoaphoma  trichloride  doea  not  act  upon  acrolein  hydroQhloride,eTen  when  boiled 
with  It. 

S.  Acrolein  hydrochloride  reacta  with  abaohite  alcohol  at  100^,  with  potasMtrnm 
kjfdrmtt  at  140®,  and  with  potassium  acetate  at  180®,  bat  none  of  the  prodncta  of  Uieae 
leactioiia  haye  aa  yet  been  iaolated. 


ILOUlf  O'HK)'.  Thia  acid  ia  formed  by  debromination  of  /9-dibro- 
■K)pr<q;»ionic  add,  and  may  be  reconverted  into  that  add  by  direct  addition  of 
bromine: 


CH'Br 
OHKr 

-  Br»  « 

CH» 

Hh 

COOH 

COOH. 

It  ia  alao  cooTerted  into  mono-,  iodo-,  bromo-  and  chloropropionic  adda,  by  treat- 
ment with  the  eoroeaponding  haloid  addia  {2mi  8up^,  27).  According  to  Caapaiy  a. 
Tolleiia  {Jam,  Ck,  Pharm,  drrii.  266),  it  ia  hydrogemsed  sjod  oonyertedinto  propionic 
add  by  prolonged  contact  with  aodinm-amalgam,  bat  not  by  abort  contact  wiih 
naaont  hydrogen  in  an  add  eolation.  Lumraiann,  on  the  oUier  hiuid  {Urid,  dzxi. 
391 ;  IhMt.  Ckem,  Qss,  Ber.  tL  1620;  Tii.  864 ;  J.pr,  Chem.  [2],  z.  167),  flnda  that 
wben  a  si^ataon  of  aodiam  aerylate  ia  treated  at  the  boiling  beat  for  fifteen  hoora 
with  dnc  and  aolpharic  add,  the  add  being  added  by  ancceaaiTe  email  qaantitiea  ao 
aa  to  keep  ap  a  continoooa  gentle  evolution  of  h^rdrogen,  the  acrylic  add  ia  completely 
ooorerted  into  propionic  aad.  The  aame  reaction  takea  place,  though  more  alowly, 
at  ofdinaiy  temperaturea. 

It  ia  commonly  atated  that  acrylic  add,  when  oxidised  by  fbaion  with  potaah,  ia 
oonverted  into  acetic  and  formic  acida,  with  evolntion  of  hydrogen  (Ist  Sn^,  41): 

0^<0«  +  2HH)  -  0»H*0»  +  CH«0«  +  H«. 

According  to  Linnemann,  however,  thia  ia  not  the  caae.  When  pure  aodium  aerylate 
waa  ftiaecT  with  potaah,  and  the  product  diatilled  with  sulphuric  acid,  not  a  trace  of 
either  formic  or  acetic  add  could  be  detected  in  the  diatillate,  which  indeed  con- 
tained nothing  but  a  email  quantity  of  unaltered  aciyUc  acid.  Neither  is  acetic  acid 
pKodoeed  by  oxidation  of  aarlic  acid  with  nitric  or  chromic  acid. 

^Hieee  resulta  accord  with  the  oondusion  previously  arrived  at  bv  Linnemann 
{%md  8uppl,  718\  that  acrylic  add  does  not  contain  the  ffroup  CH* ;  and  this  conclu- 
aioo  ia  rorther  Dome  out  by  the  fact,  recently  observed  by  the  same  chemist  (J}ent. 
Ckswi,  Gts,  Ber,  viiL  1096),  that  aodiam  aerylate  heated  to  100®  in  aouooua  aolution 
with  eauatie  aoda,  takea  up  1  mol.  NaHO,  forming  diaodic  lactate,  0"H^Na'0*,  which 
ia  speedily  readved  by  tne  action  of  water  into  aodium  hydrate  and  monosodic 
lactata:  C^'NaK)"  -f  EH)  -  KaHO  i-  C*H»NaO*  (iii.  460);  the  monosodic 
lactate  thus  formed  being  however  not  a  aimple  aalt,  but  a  mixture  in  equal  proportions 
of  the  aodiam  aalta  of  the  iaomerio  oompoonda,  hydracrylic  add  and  ethylene-Iactic 
add,  neither  of  which  contains  the  methylgroop  OH*. 

limiemann  has  Airther  shown  {Ann,  Ch,  Pharm,  olxxi.  801)  that  acrylic  acid  is 
not  formed  from  acroldn  by  oxidation  with  chromic  add,  ana  that  acrolein  is  not 
produced  hj  heating  a  mixture  of  caldum  aerylate  and  calcium  formate.  From  this 
It  nmat  be  inferred  either  that  acrolein  ia  not  the  true  aldehyde  of  acrylic  add,  or 
that  the  constitution  of  one  or  both  of  these  bodiea  is  not  exactly  analosoua  to  that 
of  the  aldehydea  and  adda  of  the  fatty  aeriea.  It  haa  indeed  been  already  explaine<l 
{%md  BuffL  710)  that  acrolein,  acrylic  add,  and  hydracrylic  acid,  may  perhapa  be  re- 
Mted  by  the  following  f ormuln : 


0H«  CH«  CHK)H 

H 


^ 


CHOH  NCl 


JHOH 
Acrolein.  Acrylic  acid.  Hjrdncrylio  acid. 

Acrylic  acid  separated  by  the  action  of  hydrogen  sulphide  at  170®  on  its  lead  salt 
(which  may  be  conveniently  mixed  for  the  purpose  with  an  equal  quantity  of  sand), 
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boils  at  abont  140^,  solidifief  in  a  freesiiig  mixture  at  about  — 15^,*  and  melts  at — 1 0^- 
Its  boiling  point  is  therefore  nearly  the  same  as  that  of  propionic  acid,  and  the  same 
relations  exist  between  its  ethers  and  those  of  propionic  acid  (Caspaiy  a.  Tollens). 

Acrylatet, — Sodium  aeryltUe,  CPH'KaO',  crystallises  in  microscopic  lenticular 
needles,  deliquesdng  in  moist  air  or  when  placed  with  water  under  a  bell  jar.  Its 
aqueous  solution  is  nearly  colourless,  having  only  a  faint  yellowish  tinge.  A  solution 
saturated  at  the  boiling  heat  solidifies  to  a  jelly  on  cooling.  It  is  but  yeiy  sparingly 
soluble  in  idcohol  of  99  per  cent.,  whether  cold  or  hot.  &  alcohol  of  80  per  cent,  it 
dissolves  yeiy  easily,  but  a  solution  prepared  at  boiling  heat  does  not  ciystallise  on 
cooling.  If  a  solution  in  80  per  cent,  alcohol  be  eyaporated  oyer  the  water-bath  till 
a  film  forms  on  its  surface,  the  residual  syrup  after  cooling  solidifies  immediately,  on 
being  touched,  to  a  crystalline  mass,  exhibiting  under  the  microscope  growps  of 
capiUaiy  and  lenticular  crystals.  The  salt  does  not  alter  in  apnearance  at  260^,  but 
at  a  stronger  heat  it  eiyes  off  a  little  acid,  then  swells  up  and  decomposes,  girinjg 
off  ein][)yreumatic  products.  By  hydriodic  add  it  is  converted  into  /9>iodopropioiiic 
acid  (Linnemann). 

The  calcium  ialt,  (C*HH>')'Oa,  is  a  veiy  hygroscopic  mass  formed  of  radiate  needles. 
The  stronHum  mdt,  (C*H'0')^r,  forms  sinall  very  soluble  rhombic  tablets. 

The  methyl  ether,  CH'O'.OH*,  obtained  by  treating  a  solution  of /S-dibromopropioaic 
acid  in  methyl  alcohol  with  sine  and  eulphurio  add,  is  a  liquid  having  a  very  pungent 
odour,  and  boiling  at  80^-86^.  The  aUyl  ether,  (JFE*0\&R\  is  a  liquid  having  a 
disagreeable  pungent  odour,  and  boiling  between  119^  and  124^.  During  distiUalion 
it  often  suddenly  thickens  to  a  pelly,  t£e  remainder  then  distilling  orer  unaltered  on 
raising  the  temperature.  It  bkewise  undergoes  this  change  after  a  time,  even  at 
ordinary  temperatures,  especially  in  sunlight.  The  other  acrylic  ethers,  as  also  the 
free  acid,  and  several  allyl-compounds,  remained  unaltered  after  exposure  to  sunlight 
for  sevezal  months  (Oaspaiy  a.  Tollens). 

■romaorylie  Aotd,  CH*BrO'.  Of  this  acid  there  are  two  modifications, 
aand  $,  formed  by  abstraction  of  HBr  from  a  and  /9-dibromopropionic  acids  respectively : 

CHH(H)  CHH 

OBr(Br)     -  HBr  «     CBr 

OOOH  OOOH 

»4ibRnnopropioiilc  add.  a-bromaorylic  add. 


CHBr(H)  OHBr 

OH(Br)      -  HBr  =      CH 

COOH  COOH 

^•dibroinopTopionio  add.  /i-taromactylio  add. 


The  a-acid  has  been  studied  by  Phillippi  a.  Tollens  (Ann,  Ch,  Pharm.  clxxi.  333) ;  the 
/^acid  by  Wagner  a.  Tollens  (ibid.  340). 

The  two  acids  are  obtained  as  potassium  salts  by  the  action  of  boiling  alcoholic 
potash  on  the  respective  dibromopropionic  acids : 

C»H«Br»0*  +  2K0H  »  KBr  +  2H«0  +  C«H«BrO«K. 

a-BromacryUe  ^eu^— Boiling  alcoholic  potash  acts  but  slowly  on  a-dibromopzo- 
pionic  acid,  and,  to  complete  the  reaction,  it  is  necessary  to  use  an  excess  of  the 
alkali  (about  3  mols.  KOH  to  1  mol.  CFH*BtK)^. 

Potassium  a-bromaciylate  crystallises  from  water  in  rhombic  plates.  To  obtain 
the  free  acid,  sulphuric  acid  is  added  to  a  concentrated  solution  of  the  potassium  nit, 
and  the  liquid  is  shaken  with  ether.  It  is  very  soluble  in  water  and  alcohol,  readily 
attacks  the  skin,  and  ciystallises  in  rectangular  plates  melting  at  69^-70^.  When 
kept  it  soon  gives  off  hydrobromic  acid,  and  a  soft  brownish  mass  is  left  behind.  On 
heating  it  with  3-4  parts  of  fuming  hybrobromic  acid  to  100®,  it  is  converted  into 
fi^ibromopropionio  acid,  which  is  also  produced  when  a-dibromopropionic  acid  is 
heated  with  hydrobromic  acid  to  100®  for  about  a  week.  This  striking  example  of  a 
molecular  change  may  be  explained  by  assuming  that  the  a-acid,  ii%ich  at  120®  is 
quickly  resolved  into  hydrobromic  acid  and  o-bromacrylic  acid,  undergoes  the 
same  docompositicn  slowly  at  100®,  and  thus  the  following  reaction  takes  place : 

•  This  i9  printed  16"  in  2ud  Suprlcment.  p.  27. 
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OH"  CH»  OH«Br 

OBr*        -       CBr       +   HBr       »       CHBp 

COOH  OOOH  OOOH. 

fi'BremuutyUe  Aeid, — Boiling  alcoholic  potash  acta  readil^r  on  3-dibTomopTopionio 
aeid,  and  the  refnldog  potasaium  bromaorylate  is  easily  obtained  pure  by  leaving  the 
■olittioii  to  oool  until  no  more  potaasinin  bromide  crystalliseB  out,  and  ciyitals  of  the 
bromaezrlate  b^n  to  make  their  appearance.  The  solution  is  then  eyaporated,  uid 
the  zesidiie  czys^lliaed  fVom  water,  in  which  this  salt  is  less  soluble  than  the  bromide. 
It  jezTstalliaes  in  brilliant,  rectanp^ar,  striated  plates. 

To  prepare  tiie  free  add,  a  little  more  than  the  required  quantity  of  sulphuric 
aeid  is  adcUd  to  a  eoncentiated  solution  of  the  potassium  salt,  and  the  liquid  Miaken 
with  a  little  ether,  to  obtain  a  concentrated  solution,  which  is  heayier  tnan  water, 
and  can  therefore  be  easily  separated.  On  eyaporating  the  solution,  melting  the 
lesidae  wiUi  a  little  water,  and  pressing,  the  pure  acid  was  obtained,  crystallising  in 
large  brilliant  square  plates,  or  in  a  combination  of  the  pyramid  and  prism  of  the 
first  order,  P  .  odP.  Its  odour  resembles  that  of  propionic  acid ;  it  is  yery  caustic, 
and  Uiftere  the  ddn.  On  distillation  it  undergoes  partial  decomposition,  and  when 
exposed  to  lig^t,  giyes  off  hydzobromic  acid,  leaying  a  brownish-black  sjnrupy  mass 
Bofuble  in  afooho^  water,  and  potash.  "Wlien  the  crystals  are  kept  oyer  sulphuric 
aeid,  they  become  white  and  soft,  and  when  they  are  treated  with  water,  an  in- 
s(duble  residue  is  left  behind.^ 

The  9oimm^9aU,  3-0"H^rO'Na  +  HK>,  is  yery  soluble  in  water,  and  forms 
warjgf  maswiw,  consisting  pft^ts  of  microscopic  needles. 

Th»  a«m<mti>wt-«i/if,j8-0*H*Br0*NH*,  crystallises  in  plates. 

The  tilver-$altt  3-<>fl*BrO*Ag,  is  a  crystalline  precipitate,  consisUng  of  small 
glistening  plates. 

The  eaiemn^^U,  i3-(0"H'BrO')'Ca  +  4HH),  forms  silky  interwoyen  needles, 
wiiich  lose  water  in  the  air,  but  do  not  deliquesce,  while  the  anhydrous  salt  when  kept 
beeomae  first  liquid  and^en  changes  into  a  brown  mass. 

The  barimm  salt,  /B-(0"H*BrO")^-t-  4HK>,  is  readily  soluble  in  alcohol  and  hot 
water,  and  eiystallises  in  mimsoopic  rhombic  plates. 

The  »tronHitm-4ait,  /8-((^H^rO*)%,  eiystallises  from  alcohol  in  microscopic 
plates. 

The  Mm&salt,  /^•(CH'BrO^'Zn,  is  sparingly  soluble  in  alcohol,  and  forms  micro- 
acopie  pUtes,  often  growing  together  in  the  shape  of  a  cross. 

Etiyl  fi-monobfomacrylate  could  not  be  prepared  by  heating  the  potassium 
salt  with  alcohol  and  ethyl  bromide ;  a  better  result  was,  howeyer,  obtainea  by  using 
the  silyer-salt.  It  is  a  liquid  boilinff  at  about  166^-159^,  with  decoxnposition, 
ethyl  bromide  being  formed,  and  a  white  insoluble  body  left  behind.  The  acid 
heated  with  hydrobromio  acid  is  reconyerted  into  /3-dibromopropionic  acid, 
OH«Br— OHBp-CO"H. 

OldormeiTUe  aeld«  0*H*C10*.  The  ethylic  ether  of  this  acid  is  formed  by  the 
reducing  action  of  sine  and  hydrochloric  acid  on  ethylic  trichlorolactate: — 

ca*  OHoi 

GH(0H)       +  2H*  -  2HCI  -i-  H*0  +    OH 

COK!"H»  CO«0"H». 

It  is  a  limpid  mobile  liquid,  which  boils  at  146®,  smells  like  an  allyl  compound,  and 
alig^U^  attacks  the  eyes  and  mucous  membranes. 

This  ether  easily  exchanges  its  chlorine  for  hydroxyl.  When  boiled  with  barium 
hydrate,  it  dissolves  gradually  and  is  conyerted  into  the  barium  salt  of  acrolactic  acid, 
CnBCH)*,  topUier  with  barium  chloride  and  alcohol  (p.  41).  Boiled  with  alcoholic 
ammonia,  it  yields  sal-ammoniac,  together  with  slender  needles  of  an  alanine, 
CH(NH*)=GI£[— OO'H,  differing  fhmi  ordinary  alanine,  OH*— OH(NH*)--00*H,  not 
only  by  containing  2  at.  hydrogen  less,  but  also  by  its  structure,  which  is  analogous 
tothatofethenelactamicaoid,  OH'TNH'V— OH*  -  00"H. 

OhloracryHc  ether  is  also  formed  in  the  reduction  of  trichlorolactic  ether  by  zinc- 
dust  and  water,  but  a  considerable  portion  of  it  is  saponified  by  the  simultaneously 
formed  sine  hydrate,  and  probably  conyerted  into  one  aerolactate.  Moreoyer,  the 
lednetion  partly  goes  as  fiff  as  the  formation  of  aezylic  ether  (Pinner,  Deut.  Okem. 
€h9,  Ber.  yii.  250). 

diloraeiylic  ether  is  partially  decomposed  by  distillation  with  steam,  an  acid  aolu- 
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tion  being  fonned  oontaining  oUoToerylio  acid,  CH'CIO'.  This  acid  is  a  synip,  which 
cannot  be  distilled ;  its  salts  are  Terj  soluble,  and  readily  decompose  on  heatii^ 
their  aqneons  solutions,  ibrminff  metallic  chlorides.  On  boiling  the  ether  with  baryta- 
water  (an  inyerted  condenser  beinff  attached),  for  a  long  time^  a  difficultly  soluhU 
barium  salt  is  formed,  together  with  small  quantities  of  a  more  soluble  one  (probably 
chloracrylate  or  acrolactate) :  by  means  of  sulphuric  acid  and  ether  the  acn  of  the 
difficultly  soluble  salt  can  be  extracted ;  it  crystallises  in  flat  prisms,  meltinff  at  about 
188®,  and  consists  of  malonic  acid,  0'H^0^  probably  formea  from  the^moraciylic 
acid  by  the  following  series  of  reactions : — 

OHa  OH.OH 

OH  +  H.OH  »  OH  +  HOI 

io.OH  CO.OH 

Chloraorylic  acid.  AcrailAoUe  add. 

CH.OH  OH(OH)«  OOH 

OH        +  H.OH  =  CH«  -  H.OH  +  0H« 

OO.OH  CO.OH  CO.OH. 

Hydrate  of  maloolo  aUeliyde.  Haknlo  aldeb jde. 

The  malonic  aldehyde,  or  homologue  of  glyozylic  acid  thus  formed,  immediately  oxi- 
dises to  malonic  add. 

Chloraciylic  ether,  heated  in  a  sealed  tube  with  water,  giyes  no  malonic  acid,  gas 
only  being  formed,  and  scarcely  any  residue  being  left  on  evaporation  of  the  resoltug 
solution  (Pinner,  Deut,  Chem,  Ou,  Ber,  riii.  968). 

C«H«O.OH 

IHaerjllo  Aotd,  0»H»0«  »  0"H«0«(OH)«  -  ||_^         (WisUcenus,  LiMf» 

AfmdUn,  clxxiT.  285).  This  polvmeride  of  acrylic  acid  is  obtained  as  a  sodium  salt 
by  the  action  of  heat  on  sodium  hydraerylate  (2nd  Suppl,  717).  WisUcenus  at  first 
supposed  the  salt  thus  produced  to  have  the  same  composition  as  sodium  aciylate, 
and  named  it  paraorylaU ;  but  subsequent  experiments  have  led  him  to  regard  it  as 
a  mixture  of  aciylate  and  diaczylate  of  sodium,  formed  as  represent^  by  the 
equation : 

(fl  +  26)0»H*(OH)O.ONa  -  (a+26)H«0  +  a(0»H«O.ONa)  +  6[C^«0«.(0Na)*l 
Hydraerylate.  Aorlate.  DJaorylate. 

On  treating  this  mixture  with  water,  it  becomes  very  hot,  and  the  diaczylate  of 
sodium  is  converted,  with  assumption  of  water,  into  the  sodium  salt  of  paradipi- 
ma  lie  acid,  isomeric  with  dihydraorylic  add  (2nd  Quippl,  721) : 

0»H«OXONa)»  +  HH)  -  C»H»(OH)0*.(ONa)«. 

In  consequence  of  this  tendency  of  the  diaciylates  to  take  up  water  and  pass  into 
paradipimalates,  the  only  way  of  obtaining  the  former  in  tJie  pure  state  is  to  heat 
them  till  a  constant  weight  is  obtained.  A  paradipinudate  dried  at  110®  does  not 
lose  any  further  weight  at  160®-160®,  but  at  200®-250®  it  gives  off  water  and  is  con- 
verted into  diacrylate.  SodLum  diacrylate,  C*H'NaK)S  forms  an  amorphous  delique- 
scent mass  which  becomes  perceptibly  warm  when  breathed  upon,  and  takes  up  exactly 
as  much  water  (not  given  off  at  110®)  as  is  suffident  to  convert  it  intoparadipimalate. 
The  barium  salt,  C*H'BaO^  was  prepared  firom  the  paradipimalate ;  the  calcium  salt, 
C*H*CaO^  directly  from  the  hydraerylate,  bv  heating  the  latter  to  220®,  dissolving 
out  the  acrylate  formed  at  the  same  time  with  water,  and  again  heating  the  residue 
to  220®. 

The  solution  obtained  by  treating  the  so-called  paracrylate  of  sodium  with  water 
contains,  therefore,  nothinff  but  acrylate  and  paradipimalate.  On  mixing  it  with  an 
equal  volume  of  absolute  alcohol,  the  paradipimalate  is  thrown  down  as  a  visdd  syrup 
while  the  acrylate  remains  dissolved.  The  syrupv  predpitate  after  repeated  solution 
in  water  and  precipitation  by  alcohol  hardens  under  absolute  alcohol  to  such  a  degree 
as  to  admit  of  pulverisation.  The  wdium  paradipimalaUt  CH'NaH)^  +  HH),  pre- 
pared in  this  manner  as  by  desiccation  in  a  vacuum  over  sulphuric  acid,  dissolves  in 
an  eztremelv  small  quantity  of  water  and  is  very  deliquescent.  At  1 10®  it  gives  off 
its  water  without  losing  its  solubility  or  its  tendency  to  deliquesce.  The  hydrated 
salt  is  isomeric  with  sodium  hydraerylate,  C*H"Na*0*  +  H*0  »  2C'H*KaO*;  and 
the  anhydrous  salt  is  isomeric  with  sodium  dihydraciylate  (2nd  Suppl,  721),  from 
which,  however,  it  differs  considerably  in  all  its  properties,  the  dihydxaer^te  being 
eryataUiite,  iioii-4eJiqnescent»  not  capable  of  taking  up  wa\«t  oi  cr}ifta\^iaXA!(»^  vdA. 
dtSgolviDg  Bomewhat  itttHj  itk  hot  strong  alcohol.    'NLoTeovQit,\}ki^  pax«bd\Y^Tca\«X.^\^ 
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prceipitated  hj  bAiiam  and  calcimn  salts,  whereas  the  dihydraciylate  is  not^  and 
lastly,  £r«e  dihjdnciytie  aoid  heated  with  hydriodic  acid  is  convertcKl  into  /9-iodopzo- 
piopie  aeid,  whereas  pamdipimalio  add  is  oonTerted  by  the  same  treatment  into  para- 
aipicaeid. 

Bmium  JPOfoiipimaiate,  CH'BaO*,  forms  a  precipitate,  gammj  at  lint,  afterwards 
haidemng,  insoliible  in  water.  The  ctytrio  atUt,  CH'CnO*  -f  HH),  forms  bine  green, 
compact,  easily  pnlTerisable  Inmps,  ana  giyes  off  its  water  at  110^.  The  Uad  mU  is 
thrcnm  dofwn  by  lead  acetate,  as  a  fioconlent  preoi]pitate,  which  dissolves  only  in  a 
laige  excess  of  the  precipitant^  does  not  melt  in  boiling  water,  and  cannot  be  reorys- 
talBsed  from  the  lead  acetate  solution,  whereby  it  is  essentially  distinguished  from 
the  isomeric  lead  salt  of  adipimalio  add  {2ttd  Afpl,  29) ;  when  dried  in  a  yacuum  it 
has  the  coapodtion  Cna*PbO*. 

¥ie^  pandipimaHc  add,  probably  CH^'O*,  prefMired  by  decomjNodng  the  lead  or 
copper  salt  witn  hydroyn  sulphide  and  concentrating  the  filtiate,  is  a  gummy  mass 
which  ddiquesces  in  moist  air. 

Euadipimalic  add  is  also  formed,  as  already  stated  (2im{  Syppl,  721),  as  a  bye- 
product  in  the  preparation  of  hydraczylio  add  by  the  action  of  moist  silyer  oxide  on 
/l-iodopropionic  acid.  The  presence  of  water  in  this  reaction  likewise  gives  rise  to 
the  production  of  dihydraotylic  add  from  nascent  acrylic  add  groups,  so  that  in  di- 
hydmcrylio  acid  these  arouus  must  be  supposed  to  be  linked  together  by  oxygen, 
^ereas  in  diaerylie  ada  and  paradipimalic  add  (as  shown  by  its  decompodtion  by 
hydziodic  add)  the  acrylic  groups  are  joined  together  by  carbon,  thus : — 

<HH).OH  C»H«O.OH  C»H«O.OH 

H«O.OH  C«H«O.OH  (?H«(OH)O.OH. 

DihjdnMsylio.  Dlaciylia  FsndipunaUo. 

Faradipic  acid,  C*H**Of,  is  formed  by  heating  the  syrupy  solution  of  paradipi- 
malic aeid  to  170^  in  a  sealed  tube  with  hydriodio  acid  saturated  at  10^.  Its  zinc 
nit,  dried  in  the  exnecator,  has  the  compodtion  CH'ZnO*  +  SHH),  and  becomes 
anhydrous  at  110^. 

Faradipic  add,  isomeric  with  adipic  add,  is  perhaps  identical  with  the  add  which 
is  obtaineo,  together  with  the  latter,  by  the  action  of  silver  oxide  on  3-iodopropiouic 
add.  The  reduction  of  paradipimalic  to  paradipic  acid  is  exactly  analogous  to  that 
of  malic  to  sucdnic  acid,  and  macrylic  acid  is  related  to  paradipimalic  and  pejradipic 
adds  in  the  same  manner  as  fumanc  and  maleic  acids  are  related  to  malic  and  suc- 
daie  adds: 

VnxQftne.  Make,  Bueoinio. 

Oni*OH0B.y  0»H'(0H)O«(0H)»  C«H«0«(OH)» 

AOBniO  OOZkLOJCHB.  These  are  insoluble  gelatinous  substances  formed  as 
secondary  products  during  the  preparation  and  transformation  of  the  bromacrylic 


1.  In  the  prefiaration  of  /S-bromacrrlio  add,  especially  in  one  operation  with  con- 
sidesaUe  quantities  of  material,  a  violent  reaction  set  in,  and  a  ydlow  gelatinous 
substance  was  fbnned.  This  acryl  colloid  leaves  on  drying  only  a  small  reddue,  ro- 
semUing  gelatin ;  it  is  insoluble  in  alcohol,  ether,  and  water,  with  which  it  forms  a 
bulky  gelatinous  mass  from  which  mineral  adds  precipitate  white  flakes.  Potash 
oolours  it  yellowish ;  bromine  and  iodine  do  not  act  upon  it ;  ammonia  dissolves  it 
almost  oomidetdy,  and  this  solution  is  not  predpitated  by  hydrochloric  add. — 2.  A 
similar  body  is  formed  by  keeping  3-bromacrylic  acid  over  sulphuric  add ;  it  forms  a 
poions  mass,  which  differs  from  the  first  compound  by  being  predpitated  by  hydro- 
ehlorie  add  from  an  ammoniacal  solution. — 8.  A  third  oolloU  was  obtained  by  acting 
with  ethyl  bromide  on  the  potasdum  salt  of  the  /3-add.  It  is  insoluble  in  ammonia, 
and  forms  with  it  a  yellow  jdly.  These  three  bodies  have  the  empirical  formula, 
O'HK)',  and  seem  to  be  related  to  vegetable  mucilage  (Wsgner  a.  ToUens,  LieU/$ 
AnnaUn^  dxxi.  865). 


C*H**0^    This  compound  is  formed  by  the  action 
nascent  hydrogen  (from  nnc  and  sulphuric  acid)  on  acrolein  {Xst  8uppl.  56)  : — 

20»H«0  +  H«  =  0»H"0»; 

and  its  constitution  may  perhaps  be  represented  by  the  formula : 

OH^=CH— CH(OH) 

OH*=:OH— CH(OH) 
which  §8  that  of  a  diatomic  secondary  glycol  (L.  Henry,  J.  j»r,  Ck&m*  \^^  Vx»  411^ 


48  ADIPOCEBE  -ALCOHOL. 


FOOBBB*  Acoording  to  Ebert  {Deut.  Ckem,  Qes,  Bir.  viiL  776)^  thic  sab- 
atance  eonsists  mainlj  of  a  nuxtnre  of  fattj  adds,  not  in  the  form  of  gljeeirides.  On 
treatiDg  it  with  potash,  abont  1  per  cent,  of  ammonia  was  given  off,  and  an  insoluble 
residue  (about  6  per  cent.)  was  left,  consisting  of  tissues,  etc,  and  a  mixtaie  of  potas- 
sium salts  was  oUained,  which,  bj  fractional  precipitation  with  magnesinm  acetate, 
etc.,  yielded  chiefly  palmitic  acid,  0*'H*H)',  with  a  much  sm^ler  quantity  of 
margaric  acid,  0"H'*0',  hitherto  known  only  as  a  synthetical  product  (iii.  861). 
The  margaric  add  ficom  adipocere  melts  at  59^ ;  Heintc's  synthetic  margaric  amd 
melts  at  69*9^ 

The  last  fraction,  predpitable  ^l^^d  acetate,  but  no  longer  by  magnesinm  acetate, 
yielded  oxymargaricacid,  CH'K)",  cxrstallising  in  colourless  shining  laminsp^ 
melting  at  80^,  soluble  in  (doohol  and  ether,  insoluble  in  water,  forming  a  white 
amorphous  silyer  salt  not  affected  by  liffht  but  decompoeinff  at  100^,  and  a  magne- 
sium salt  easily  soluble  in  alcohol,  and  crystallising  therenom  in  hard  granvdes. 
Oleic  add  was  not  detected. 


On  the  relations  between  Aiflnitj  and  Dissected  or  Structural 
FormuUe,  see  Wright  (PkiL  Mag.  [4],  xlyiii.  401 ;  6%s0i.  8oo.  J,  [2],  xiu.  228). 

See  Ftkgi. 


This  name  is  giyen  to  an  arsenite  of  bismuth,  hitherto  called 
ahdestUe  {%nd  Suppl.  120),  occurring,  together  with  eulytin,  at  Schneeberg  in  Saxon;^, 
in  concentrically  nbrous  spherules  made  up  of  monoclinic  crystals.  When  heated  it 
giTes  off  a  little  water  and  a  considerable  quantity  of  arsenious  oxide,  which  sublimes 
m  octohedrons.  The  residue  dissolyes  easily  in  hydrochloric  acid,  leaving  a  small 
quanti^  of  quarts.  The  mineral  gave  by  analysis  67*16  per  cent,  bismuth  oxide, 
12*60  ferric  phosphate,  and  (by  di&rence)  30*36  arsenions  oxide  (Frensel,  Jakrhuck/, 
MineralogU,  1873,  786). 


lTB.  An  air-bath  of  constant  temperature  between  100®  and  200®  is 
described  by  H.  Sprengel  (Chem,  8oo,  J,  [2],  xi.  468) ;  an  improved  air-bath  for 
heating  sealed  tubes  by  J.  Habermann  {iiebi^a  AnfuUen,  dxxii.  9 ;  Chem.  8oe,  J, 
[2],  xii.  1066). 

%  Gladstone  a.  Tribe's.    See  Elbctbicttt  (2nd  Suppl,  448). 

On  Water  Air-pumps  for  Filtration,  see  Mendel^ef^  Kirpit- 
schoff  a.  Schmidt  (Ann,  Ch,  Pharm,  clxv.  68  ;  Jagr.  ibid,  dxvi.  208);  Thorpe  {PkSL 
Mag.  [41,  xliv.  249) ;  F.  A.  Wolff  (i>i>y^.  pd,  J,  ccv.  306). 

On  the  amount  of  exhaustion  obtainable  by  Sprengel's  Mercurial  Air-pump^  see 
Donkin  {Chem,  News,  xxix.  126 ;  Chmn,  8oo.  J,  [2],  xii.  637). 


C*H*N*0'.    A  base  isomeric  with  creatine,  produced  by 
direct  combination  of  alanine  with  cyanamide  (2iu{  Suppl,  893). 


If  O^H'^O,  formed  by  dehydration  of  alacreatine  by  the 
action  of  heat  or  acids,  crystalliBes  from  water  in  long  prisms  containing  1  moL  ]BPO, 
which  it  loses  in  dry  air  or  when  heated  to  100®.  With  zinc  chloride  it  forms  a 
soluble  crystallisable  compound,  havinp;  the  composition  (0*H'N'0)'J^C1'.  When 
boiled  with  baryta-water  it  splits  up  into  urea  and  alanine.  It  reduces  merourie 
oxide,  forming  guanidine  (Baumann,  Veut.  Chem.  Gee.  Ber,  vi.  1871). 


The  commercial  name  of  the  essential  oil  of  Uhona  odoraH§^ 
iima.    See  Ukoka. 


G*H^O'.  In  the  preparation  of  this  substance  by  Strecker^s 
method  (L  63),  potassium  cjranide  may  be  used  instead  of  prussic  acid.  When  this 
is  the  case,  the  mother-liquor  remaining  after  the  alanine  has  crystallised  out  con- 
tains several  substances,  amongst  which  is  lactyl-urea  (2nd  Suppl,  728). 


A  moonstone  variety  of  albite  from  Delaware  Co.,  Pennsylvania,  is 
described  by  A.  B  Leeds  (^7^  Ann.  J.  [3],  vi.  22).    Its  analysis  gave : 

fflO"        A1«0*      PbKP      CaO     MgO     Na«0      E*0      H^) 

67*70     19*98    trace     147    Oil     8*86     1*36     008 « 99*66. 

On  albite  crystals  in  volcanic  rocks,  see  O.  vom  Hath  (Jahrb,  /.  Mineralogie, 
1874,  423). 

On  the  relations  of  albite  to  other  triclinic  fdspars,  see  2nd  Suppl,  p.  610. 

AZAUMUI.    See  Pbotuds. 

JtXCOJIO&.    See  Ethtl  Alcohol, 
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On  the  action  of  these  bodies  on  Amides,  see  Axmss. 

A&CM>BO&-SJLBZCnbBS«  JHagnoiu  </  Brimaryt  Seeondary,  amd  Teriiaty 
Aleohot-TodieleB  bjf  meam  of  Colour  reaoHona, — These  different  orders  of  alcohol- 
xadieles  may  be  distingnished  from  one  another  by  their  different  behayioor  with 
nitrolic  aeias  and  |)senaonitzols.  If  it  is  required,  for  instance,  to  decide  whether  an 
iodide  of  the  senes  OH^+*I  contains  a  primary,  secondary,  or  tertiary  aloohol- 
zadicle,  it  is  distilled  with  silyer  nitrite,  ana  the  distillate  is  treated  with  potash  and 
nitrons  add*  If  a  red  colour  is  produced  (formation  of  a  nitrolic  add)  the  substance 
eertainlj  contains  a  primary  compound ;  if  the  colour  is  blue,  it  just  as  certainly 
contains  a  secondary  compound ;  absence  of  colour  indicates  a  tertiary  compound 
(Mmr  a.  Locher,  DeiU,  Ckem,  Oes.  Ber,  yii.  1610). 

On  the  compounds  of  Thallium  with  Alcohol-radicles,  see  Tkaxxixim:. 

JLLOOMOJMm  Formaium, — Seyeral  alcohols  of  the  fatty  series  are  formed  in  the 
mannfacture  of  starch.  Yauquelin  showed  that  common  alcohol  is  formed  in  the 
preparation  of  starch  from  wheat.  Bouchardat,  by  distilling  120  litres  of  the  sour 
water  fjrom  starch-works,  obtained  490  grams  of  a  mixture  of  the  alcohols  and  acetates 
of  ethyl,  propyl,  and  bu^l.  The  presence  of  these  alcohols  was  proyed  by  oxidation, 
by  which,  as  no  acetone  was  formed,  it  was  also  shown  that  no  pseudo-propyl  alcohol 
was  present.  The  quantity  of  propyl  alcohol  was  a  little  more  than  one-third  of  the 
whole.  Neither  the  mixture  nor  any  of  the  different  fractions  obtained  by  distillation 
were  optically  actiye  (Oompt,  rend,  uxyiii.  1146). 

The  action  of  sine  on  a  mixture  of  ethyl  iodide  and  ethyl  fbrmate  giyes  rise  to  an 
amyl  alcohol,  which  is  probably  diethyl  carbinoL  This  mode  of  synthesis  may  per- 
haps be  generalised  fWagner  a.  Saytse£^  Deut,  Ciem,  Qei,  Btr,  yi.  1642). 

Tertiary  alcohols  may  be  formed,  according  to  Friedel  a.  Silya  {OompL  rend, 
IxzyL  226^  by  the  action  of  nascent  hydrogen  on  compounds  analogous  in  constitution 
to  pinaoolin.  By  adding  sodium  to  f  inacolin  floating  on  water,  a  hexyl  aloohol  is 
obtained,  haying  the  constitution  of  dimethyl-isoprop^  carbinol : 

(Off)«OOH  (OH»)»Ov  (OH«)HX)H 


(CH«)«COH  {pW)Hy  (OH«)«CH 

FInseane.  FlnsooUn.  Dlmetlijl>iiopropjl  cutinol. 


Aettmi  ef  Snlpbiurjl  cnuorlde  on  AleoboUi  (P.  Behrend,  Dnst.  Cftsm, 
Om,  Btr.  ix.  1884-1888).  When  1.  moL  ethyl  alcohol  is  added,  drop  by  drop,  to 
1  moL  well-cooled  sulphuiyl  chloride,  a  brisk  reaction  sets  in,  and  ethyUnilphnrie 
chloride  is  formed: — 

C«H».OH  +  S0«01«  -  S0«|^^^*  +  CIH. 

It  18  a  colourless  oily  liquid,  haying  a  yery  pungent  smelL  li^  on  the  other  hand, 
sulphuiyl  chloride  be  added  by  drops  to  alcohol,  neutral  ethyl  sulphate,  SO'(00'H*)', 
is  farmed  as  well  as  ethylsulf huric  chloride,  and  ethyl  chloride  is  giyen  of!^  resulting 
from  the  action  of  hydrochloric  add  formed  in  the  reaction,  on  the  excess  of  alcohol. 

Byactingon  the  ethylsulphuric  chloride  with  methyl  alcohol,  the  mixed  ether, 
80XUH")(0^*),  is  obtained,  as  a  yellowish  neutral  liquid,  which  water  resdyes  into 
methyl  alcohol  and  ethylsalphuric  add. 

Sulphuiyl  chloride  acts  yery  yiolently  on  methyl  aleohol;  the  chloride, 
80'(0CH')C1,  thus  formed,  resembles  the  ethyl  compound,  but  is  more  easily  de- 
composed by  water.  On  actinff  upon  it  with  ethyl  alcohod,  a  mixed  sulphats  is 
obtained,  identical  with  that  described  above,  and  yielding  with  water,  ethylsul- 
phuric add  and  methyl  aloohol. 

BufyUulpkurie  acid  okloride,  SO^OO^Gl,  formed  in  like  manner,  is,  when  freshly 
prepared,  a  colourless  liquid,  soon  becoming  brown  and  yiscous.  The  compound 
obtained  by  the  action  of  sulphuiyl  chloride  on  beneyl  alcohol  is  yeiy  unstable. 

Seefproeal  JLetlOB  of  Osalle  JLeld  and  the  Monatomio   Alooliola 

(CaluTurs  and  Demar^a^,  Oompt.  rend.  Ixxxiii.  688).  The  redprocal  action  of  dry 
oxalic  add  and  the  nnmaxy  alcohols  of  the  series  OH^+H),  giyes  rise  to  oxalic 
and  formic  ethers.  This  occurs  also  with  the  primary  alcohols  of  the  allylic  series 
OH>0,  since  allyl  alcohol,  by  nmilar  treatment,  yiddsa  mixture  of  oixalo-  and 
formio-allylic  ethers. 

Bensvl  aleohol  is  likewise  completely  etherifled,  yidding  an  oxalate  which  is 
•olid  and  crystallisable ;  it  boils  at  a  yery  high  temperature,  and  is  changed  by  am- 
monia into  oxamide,  wlule  bensyl  alcohol  is  regenerated. 

When  oxalic  add  acts  upon  a  mixture  of  propyl  and  pseudopropyl  alcohols, 
propyl  oxalate  is  almost  exelusiydy  formed,  and  if  this  is  saponified,  a  mixture  of 
the  alcohols  rich  in  normal  propyl  alcohol  is  obtained,  which,  when  again  etherifled 
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bj  oxalia  acid,  jrieldi  oeuly  pura  propjl  oialats.    Tiiis  roactioii  aSuciU  i 
■epuBting  tliB  two  aloobolK. 

On  lie  Action  of  OxaJiu  Acid  <m  Poli/atoBuo  AkohoU,  lee  Oxu-i-fs. 

Cempoundt  ofAlaihaU  uiiik  ArmnalK  Eydroearbont. — AlcoboU  mixed  vith  hjdro- 
oarbons  and  treated  vith  Bulpbuiic  acid  jield  condeaiation -products.  Ally  1  alcohol 
and  bemeiis  jield  nncrjalalliaable  bjdrofarboDi  boiling  at  a  bigh  teiuperatnie,  and 
tba  Bame  alcohol,  with  meBitflene,  yields  Em  oily  bjdrocarboD  wliirb  distill  at  about 
(be  same  tampomtnre  aa  mercorj,  sod  a  Buiall  qoaatity  of  a  solid  bjdrwarboo  wbicb 
cryalatlises  from  aEQtone,  Etbyl  olcabul  and  methyl  alcobol  yield  with  beozene  amnll 
qoAstities  of  hydrucarboDB  (Bneyer,  DetU.  Chem.  Cru.  Ber,  vi.  220). 

A^naHTSB.  CH'.COH.  Iieactiinu.^1.  A  mixtara  of  aldehyde  vapour  and 
hgdrngtn  heated  iu  a  glass  tube  over  mercury  to  a  temperature  a  little  below  dut! 
redueas  gsvo,  bcsidoa  uualtered  aldehyde,  a  mixture  of  corboa  monoiide  and  marsb 
gaa,  whilst  about  DQO'siitJi  of  the  aldehyde  bad  disappeared,  probably  iu  the  farm  of 
coadeosation- products  (Berthelot,  CompS.rfttd,  Ixiii.  ilUO). 

2.  Aldehyde  Bad  nnc^ethyl  act  on  one  another,  even  at  ordinary  temperatures,  and 
more  quickly  at  a  gentle  heat,  forming  a  ciystalline  organo-zinc  compouad  ;  and  on 
decomposing  this  with  water,  and  heating  the  resnlting  oily  liquid  witb  moist  silver 
oiids,  methyl^tbyl-carbinol,  CIP— CHOH— C'H',  is  obtained.  distiEing  between  0B» 
and  90°  (E.  Wagner,  BrUl.  Soc.  Chim.  [2],  in:  386). 

a.  When  1  part  of  parttldehyde  la  added  drop  bjdroptolOOparteof  well-coded 
wipAttrio  lurid,  and  tba  solution  is  shaken  with  a  quaotity  of  bmemD  rather  greater 
than  that  which  ia  required  by  the  following  equatioB,  diphenjletbaae,  C"H'*,  is  pio- 

CH'.COH   +   2CH'   =   H=0   +   CH'.CH(C*H')'. 
The  same  hydrocarbon  appears  to  be  formed  by  mTiintc  benzene  and  Ealpbario 
acid  with  concentrated  laeiie  aeid,  which  ispartially  coQTerted  by  the  Kiilpbiiric  acid 
into  aldehyde,  C'H'O*  =   CO' -l- H'O  +  CH'O  (Baoyer,  DboL  Chtm.   Ges.  Ber.  rii. 
1190). 

In  like  mamiar  a  mixture  of  bonzane  and  chloral  or  bromaJ  treated  with  snlphuric 
af id  yields  diphenyUriohlorethano,  GCl'.Ce(CH>)',  or  diphanyltribrom- 
ethane,  CBr'.GH{C*H')' :  and  a  mixture  of  paraldehyde,  tolneae,  and  rolpbario  acid 
yields  ditoljl-etbiine,  CH'— Ca{C"H'.OH")'. 

i.  Action  ef  Chlorina  on  Aldehyde. — Kramer  a.  Pinner,  by  passing  chlorine  into 
aldehyde,  coaled  at  flist  but  heated  to  100*  tAwarda  the  and  of  the  reaction,  obtained 
a  body  which  they  regarded  as  tricblorocrotonic  aldehyde  or  crotooic 
chloral,  C'H'CI'O,  the  cblorina  being  supposed  first  to  lake  hydrogen  from  the 
aldehyde  to  form  hydrochloric  acid,  which  thrn  exerted  on  the  aldehyde  a  condenaing 
and  dehydrating  action,  Ifsolting  in  the  formation  of  crotonic  aldehyde,  wbicb  tsttor 
was  converted  by  the  excess  of  (£lorine  into  ciotonic  chloral  {Ind  Suppl.  35). 

Thia  reaction  has  been  further  studied  by  Pinner  (LieM^t  AniiaUn.  clxxix.  21 ; 
Dnit.  Chan.  Qt».  Ber.  vii.  1321,  1661),  who  finds  that  when  chlorine  is  passed  into 
ordinary  aldehyde  cooled  to  —10°  by  a  mixture  of  ice  aad  salt,  the  first  effei^t  is  to 
polymeriBe  the  aldehyde,  converting  it  into  metaldohyde  and  paraldehyde,  which  are  then 
ftoher  acted  on  by  the  chlorine  so  as  to  form  anbatitution-products,  aa  abore.  Now 
paraldehyde  being  lesa  volatile  than  otdinaiy  aldehyde  and  less  violently  acted  on  by 
chemical  reageDta,  is  better  adapted  than  oniinaiy  aldehyde  for  the  preparation  of 
Htibetitatiou -products,  as  it  does  not  require  to  be  cooled  by  a  freezinif  mixture  i  in 
fiict,  when  chlorine  dried  by  bubbling  through  oil  of  vitriol  is  passed,  slowly  at  flnt, 
into  paraldehyde  kept  cool  by  immersing  the  containing  vcBSol  in  cold  water,  the  gaa 
ia  completely  absorbed,  and  the  aldehyde  is  converted  into  a  substitntion-prodnct, 
which,  however,  is  not  crotonic  chloral,  aa  formerly  supposed,  bnt,  according  to  I^onar's 
UtesteiporimenU.  butyric  chloral,  C'H'Q'O. 

With  aqiaout  aldehi/de.  the  chief  product  is  ordinary  chloral,  tlio  condensatjon 
of  tbe  aldehyde  to  butyric  aldabydo  Taking  place  only  in  prssonce  of  concentiatdd 
bydroehloric  acid.  The  same  result  is  obtained  wben  pounded  marble  is  added  lA 
neutralise  the  hydrochloric  acid  aa  fast  as  it  ia  tbrmed  {2nd  8»ppl,  35). 

When  targe  qnintitlee  of  aldehyde  are  subjected  at  once  to  the  action  of  chlorine, 
the  first  portions  of  butyric  chloral  which  pasa  over  on  distillatioii  have  a  very  pungent 
odour,  arising  f^m  the  prf  stnce  of  leaa  highly  chlorinated  products  of  butyric  aldehyde, 
and  towards  the  end  of  the  distillation  the  oily  distillate  no  longer  crystallises.  The 
pungent-am riling  oil  just  mentioned  is  produced  in  especial  abundance  when  aldehyde 
containing  alcohol  is  Ussd,  and  it  then  contains  products  resulting  from  the  chlorina- 
tion  of  ibe  alcohol.  When  dehydrated  by  calcium  chloride  and  distilled,  this  oil 
passes  over  between  4U°  and  190°,  and  hj  repeated  fractional  distillation  it  may  be 
^  lepaaited  into  the  fallowins  portions  r — 


I 


I 


I 
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28 — 80^.  Unaltered  aldehyde. 

60 — 66^.  Ethidene  chloride. 

72—74''.  Ethyl  acetate,  arinog  from  oxidatiozi  of  the  alcohol,  and  oonsti* 

tating  about  a  fourth  of  the  entire  oiL 
9A— 100^.  Ohloral,  mixed  with  dichloraldehyde. 
100 — 140^  Products  of  no  fixed  boiling  point 
140^160°.  MonocUorobutyric  aldehy^).  O^H^CIO,  mixed  with  more  highly 

chlorinated  producte. 
16^^165^  Chiefly  butyric  chloral. 

The  portion  boiling  at  higher  temperaturee  than  butyric  chloral  waa  several  times 
distillBd  with  steam,  the  last  portions  only  being  each  time  ooUeeted.  The  liquid  thus 
obtained  gave  by  analysis  numbers  agreeing  approximately  with  the  formula  O'H'd^. 
Bjr  deoomposing  the  fraction  boiling  between  160^  and  190^  with  sodium  hydrate, 
dichloropropylene,  CH^Ol*,  boiling  at  78*6^,  was  obtained,  together  wiUi 
dichloracetal,  C>H>'C1K)>,  boiling  at  183M84^ 

The  heayy  non-eolidifjrjng  oil  which  passes  over,  as  above  mentioned,  in  the 
distillation  of  crude  butyric  chloral,  has  been  obtained  in  small  quantity  only ;  it 
boils  between  216^  and  220^,  has  a  slightly  pungent  odour,  is  insoluble  in  water,  is 
decomposed  by  caustic  soda,  and  gives  by  analysis  numbers  agreeing  approximately 
with  tne  formula  CH*C1*0.  (Chlorine  by  experiment  49*3  per  cent. ;  by  calculation, 
62*38 ;  hence  the  product  appears  to  have  been  contaminated  wiUi  a  less  highly 
chlorinated  compound.)  On  decomposing  it  with  soda-ley  and  distilling,  an  oil  passed 
over,  boiling  at  146^-148^,  and  having  the  composition  C*H*C1*.  The  formation  of 
this  latter  compound  may  be  represented  by  the  equation : 

C«H»C1«0  +  2NaH0  -  0*HKn«  +  NaCl  +  0HNaO«  +  HH), 
and  is  analogous  to  that  of  dichloropropylene  from  butyric  chloral : 

C^HKJPO  +  2NaH0  -  C«H*a«  +  NaCl  +  CHNaO«  +  H«0. 

The  chloride,  C*H*C1*,  possesses  the  sweetish  odour  of  organic  chlorides  in  general, 
and  readily  takes  up  a  molecule  of  bromine,  forming  the  compound  O'H'Cl'Br',  which 
boils  between  280<»  and  240^.  The  formula  of  the  compound  CH*C1H)  and  its  deriv- 
atives must  not,  however,  be  regarded  as  definitely  established. 

Compound  of  Mdehyde  with  Jc$tyl  Chhride,  C>H«0.C*H*0C1.— This  compound 
was  discovered  by  Wurtz,  who  obtained  it,  together  with  other  products,  by  the  action 
of  chlorine  on  aldehyde,  and  Maxwell  Simpson  afterwards  prepared  it  by  direct 
addition  of  aoetyl  chloride  to  aldehyde  (i.  108).  Wurts  (Zeitschr,  /.  CheTn.  1871, 862) 
suggests  that  ito  composition  might  be  represented  by  one  of  the  two  formulss : 

CH»       CH«  CH»  Cfl« 


K><i-ci  ^a^:S=N^i 


\fl  \oi 

yOCHH) 
while  Erlemney er  {Lekrb,  d.  Org,  Cknm)  suggests  for  it  the  formula  CH*— (^Cl  ; 

and  Schiff  (Deui,  Chem.  Get,  Ber,  ix.  304)  has  lately  demonstrated  the  correctness  of 
the  latter  formula  by  treating  the  compound  dissolved  in  absolute  alcohol  with  an 
equivalent  quantity  of  potassium  acetate,  whereby  the  chlorine  is  precipitated  in  the 
form  of  potassium  chloride,  and  replaced  by  an  atom  of  oxacetyl,  C^H*0' ;  and  on 
subjecting  the  liquid  product  to  fractional  distillation,  a  liquid  is  obtained  boiling  at 
168^>168^,  and  agreemg  in  composition  and  properties  with  the  ethylidene  diacetate 
wfaidi  Geuther  obtained  by  the  combination  of  aldehyde  with  acetic  anhydride  (i.  108). 
Now  this  last  compound,  when  heated  with  a  solution  of  caustic  alkali,  is  resolved 
into  2  mols.  acetate  and  1  mol.  aldehyde,  and  must  therefore  have  the  constitution 
represented  by  the  formula  CH»— CH(OC^»0)«,  thus  :— 

CH»  CH« 

Hence  also  it  follows  that  the  compound  of  aldehyde  with  acetyl  chloride  must  have 
the  constitution  suggested  by  Erlenmeyer. 

Aldebjde-ammoiilaf  C^*O.NH*.    The  constitution  of  this  compound  might 
be  represented  by  either  of  the  formulae : 

^H 


H»C— C^Nfl*  H»0-C^^« 

«2 
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To  decide  between  them,  B.  Schiff  (fieut,  Chem,  Get,  Ber,  z.  I65)ha8  esamined 
the  reaction  of  the  analogous  compound,  chloral-ammonia,  0*HOl*0.wH*,  with  acetyl 
diloride  and  acetic  anhydride.  When  either  of  these  substances  is  poured  upon 
chloral-ammonia,  the  mixture  becomes  hot,  and  a  clear  solution  is  formed  which,  on 
cooling  or  on  addition  of  water,  solidifies  to  a  white  crystalline  mass.  This  product 
crystallises  from  water  in  fine  rhombic  tables  which  melt  at  166''  and  dissolye  in 
alcohol  but  not  in  ether.  Its  composition  agrees  with  that  of  monoacetyl-chl  oral- 
ammonia,  0'H>(C>H*0)a*ON.  Heated  with  acetyl  chloride  in  sealed  tubes  to  120<* 
it  yields  a  dear  solution,  which  on  cooling  deposits  a  white  crystalline  mass,  soluble 
in  ether  and  in  glacial  acetic  acid,  and  crystallisiijg  from  the  latter  in  large  transparent 
prisms  melting  at  117*'-118*'.  

This  last  compound  is  diacetyl-ohloral-ammonia,  0*HX0'H*O)*01H)N.  It 
is  instantly  decomposed  by  hot  water  into  acetic  add,  which  dissolyes,  and  mono- 
chloracetyl-chloral-ammonia,  which  is  deposited.  Hence  it  appears  that  the  two 
acetyl-groups  in  this  body  have  different  Actions,  the  second  having  evidently  taken 
the  place  of  hydrogen  in  a  hvdrozyl-group,  the  presence  of  which  in  diloral-ammonia 
is  thei^by  demonstrated.  The  constitution  of  the  dichlozacetyl-oompound  must  there- 
fore be  represented  by  the  formula : 

0— C«H»0 


i 


and  consequently  the  structure  of  chloral-ammonia  and  ita  analogue  aldehyde-ammonia 
by  the  fi^owing  formulte : 


>0H  >0H 


Ca«0-C^NH«  H«0-O^NH« 

Ohlonl-aimnonla.  Aldeliyde-amTnoTitai 

Action  qf  Sk/droeyame  Acid  on  AJdehyde-amnumia, — ^The  product  obtained  by 
treating  aldehyae-ammonia  with  nascent  hydrocyanic  add  (potassium  i^anide  and 
hydrochloric  add)  is  not  a  compound  analogous  to  the  diacetone-cyanhydrin  formed  in 
like  manner  from  acetone  {2nd,  8uppl,  16),  but  a  body  having  the  composition  0*H*N* : 

2C«H'0N  +  2K0N  +  8HC1  -  C«H»N»  +  2K01  +  NHK31  +  2H*0. 

It  crystallises  in  white  needles  mdting  at  67^-68°.  On  addition  of  silver  nitrate  to 
the  aqueous  solution,  silver  '(^anide  separates,  and  at  the  same  time  the  odour  of 
aldehyde  becomes  perceptible : — 

C«H»N»  +  2AgN0«  +  2HK)  -  2C«H*0  +  2AgON  +  NH<NO«  +  HNO*. 

On  heating  it  with  acids,  aldehyde  and  hydrocyanic  add  are  separated ;  if  the  heating 
takes  place  in  sealed  tubes,  alanine  is  also  obtained : — 

C«HW  +  2H01  +   8HH)  -    {g^  +    {^^h^*^^^^  +    NH*a    +    HON 

(Urech,  Deut,  Chcm.  Qe$.  Ber,  vi«  1118). 

On  the  reacHon  qf  Aldehyde-ammonia  vnth  I%ioeyamo  Sthers,  see  THZocTAino 
Ethkbs. 

Aldebjde  SnlpliltM  (H.  Bunte,  lAtMe  Annalen,  cItt.  306).  Hiese  com- 
pounds are  readily  formed  by  dissolving  alaehyde  in  a  concentrated  solution  of 
an  add  sulphite;  the  solution  becomes  not,  and  remains  clear  after  coding,  but 
deponts    crystals   when   evaporated    over  sulphuric    add;     The  potassium   salt, 

G>H*SO*E  -  GH'—0H<^^2,  forms  hard,  indistinct  crystals,  consisting  of  tufts  of 

microscopic  needles.  The  dry  salt,  as  wdl  as  its  solution,  is  decomposed  when 
heated  to  100*'. 

The  soditm  salt,  C^*SO<Na+HH),  has  similar  properties;  it  is  veiy  soluble  in 
water,  and  crystallises  by  slow  evaporation  over  sulphuric  add  in  nacreous  plates ; 
alcohol  predpitates  it  in  needles  having  a  satiny  lustre. 

By  mixing  add  ammonium  sulphite  with  alde^^e  small  needles  are  obtained, 
consisting,  not  of  the   add  ammonium  aalt,  G'H'SO^NH^),  but  of  an  amide, 

G^^^Qij^s*  differing  therefrom  by  1  mol.  HH).    Bedtenbacher  (iljifi.  Ch.  PJ&orm. 

Ixv.  87),  by  passing  sulphur  dioxide  into  an  alcoholic  solution  of  aldehyde-ammonia, 
obtained  an  isomeric  compound,  which  also  forms  small  needles,  dissolves  in  leas 
than  }  '5  parts  of  water,  and  when  heated  to  100^  for  forty-eight  hours  loses  78  per 
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oukt,  leftTinga  brown  rMin, — ^whereas  its  isomeride  requires  a  little  more  than  6  parta 
of  water  for  solution,  and  when  heated  to  100°  loses  only  a  few  milligrams,  and 
aoqniree  a  yery  faint  j^ellow  colour.  Petersen  {ibid,  cii.  817)  obtained  a  similar 
body  bT  the  action  of  snlphnr  dioxide  on  deliquesced  aldehyde-ammonia;  it  is  stable 
at  100  ,  lees  solnble  than  Bedtenbacher's  compoond,  and  probably  identical  with  that 
described  br  Bnnta.  Two  other  bodies  having  the  same  composition  are  Imown,  yis., 
taozine,  and  the  i»otaurine  which  Kind  obtained  by  heating  the  silyer  salt  of  chlor- 
ethylsnlphooic  acid  with  strong  aqneons  ammonia  (J,  pr,  Chem,  [21,  ii  822). 

TheMffitiit  soit  cannot  be  prepared  by  direct  combination,  beoanse  then  is  no 
add  snlphate  of  barinm ;  neither  can  it  be  obtained  by  adding  a  barium  salt  to  a  solu- 
tion of  one  of  the  above  compounds,  because  it  is  yezy  soluble.  To  prepare  it,  alde- 
hyde IS  added  to  an  aqueous  solution  of  sulphurous  acid,  which  dissolyes  it  wiUi 
erolution  of  heat,  ^y  neutralising  with  bsfyta  and  adding  aloohd,  indistinct  silky 
scales  are  precipitated,  consisting  of  (CWH'SO*)*Ba.  The  same  salt  is  formed  l^ 
suspending  barium  carbonate  in  water,  passing  sulphur  dioxide  into  it,  and  adding 
aldehyde  nom  time  to  time.  Its  aqueous  solution  is  decomposed  at  100°,  or  br  the 
action  of,  baryta-water  or  sodium  carbonate,  but  not  by  carbon  dioxide  or  sulphur 
dionde.  On  exposure  to  the  air,  it  becomes  turbid,  from  formation  of  barium  sul- 
phate. 


The  action  of  bromine  on  aldehyde  has  been  examined  by 
A.  Pinner  {Demt.  Chem.  Gu,  Btr,  rii.  1490;  lA^ri^s  Atmalen,  dxxix.  67),  with 
results  identical  in  great  part  with  those  of  former  observers  (i.  666 ;  2Hd  Stippl. 
86). 

Aldehyde  in  its  ordinary  state  is  attacked  by  bromine  with  extraordinary  violence ; 
but  with  paraldehyde,  if  diluted,  especially  with  acetic  ether,  the  action  goes  on 
quietly.  The  product  varies  with  the  proportion  of  bromine  used,  but  is  in  every 
case  a  substitution-product  of  acetic,  not  of  but^e  aldehyde.  Hitherto  only 
dibromaldehvde  and  mbromaldehyde  have  been  obtamed  in  the  puro  state,  the  mono- 
brcnninated  derivative  being  apparently  destroyed  for  Uie  most  part  hj  the  hydro- 
bnmic  add  Ibrmed  in  the  course  of  the  reaction. 

Dibromdldekyde,  GHBr'.CHO,  is  the  chief  product  obtained  when  8  mols.  of 
bromine  act  on  1  moL  of  aldehyde.  In  the  puro  state  it  is  a  colourless  liquid,  boiliiu; 
at  140°-142°,  with  a  smell  resembling  that  of  bromaL  When  heated  stronffly  witE 
water,  it  dissolves  and  forms  a  hydrate,  CH'BrH)  +  HH),  which  crystaUises  in 
needles.  If  left  for  a  long  time  in  contact  witib  excess  of  water,  this  compound  is 
eonverted  into  paradibromaldehyde,  8C*H*Br*0.  Puro  dibromaldehjde  after 
some  time  also  undezgoes  this  change.  Dibromald^vde  combines  eaolv  wiUi 
hydrocyanic  acid  to  totm  an  addition-product,  OrB[*BrH).HON,  which  con- 
sists of  a  thick  syrupy  oil,  gradually  passing  into  dibromolactic  acid,  O'H'Br'O*, 
when  boiled  with  moderately  strong  hydrochloric  add.  Dibromaldebyde  exerts  a 
vezy  powerful  caustic  action  on  the  skin. 

THbronuUdeJkfde  or  JBromal,  CBr".CHO,  is  obtained  by  the  action  of  8  mols.  of 
bromine  on  1  of  aldehvde.  When  mixed  with  water  it  solidifies  in  thin  rhombic 
plates,  whereas  dibromaldebyde  forms  long  needles.  Bromal  combines  easily  with 
hydromnio  add  to  form  bromal  hydrocyanide,  O'HBr'O.HCN,  whidi  re- 
mains uquid  for  a  long  time  after  the  removal  A  the  water  and  excess  of  add,  but 
solidifies  at  once  on  a£Ution  of  strong  hydrochloric  add,  in  which  it  is  only  slightly 
soluble.  It  ozystallises  from  alcohol  in  fine,  daaling  white,  thick  prisms.  When 
digested  with  moderately  dilute  h^rdrochloric  add  for  some  time  (till  no  hydroc^anio 
acid  reaction  isjraoduced  on  addition  of  alkalis),  it  is  converted  into  tribromo- 
laotic  acid,  (7H*Br"0*,  in  the  form  of  a  slightly  coloured  thick  liquid  having  a 
sweet  taste. 

Btelilonad«hjde«  (?HHJIH>.  The  dichloraldeh^e  formed  by  treating  dichlor- 
acetal  with  about  five  times  its  weight  of  cold  sulphuno  add,  thickens  in  a  wort  time 
to  a  semi-fiuid  mass,  containing,  besides  ordinary  dichloraldebyde,  a  small  quantity  of 
the  amorphous  polvmerio  modification  described  by  Pftt6m6  (Ut  Suppl,  76),  together 
with  a  second  polymeride.  This  modification,  called  paradichloraldehyde,  is 
eadly  obtained  nun  by  washinp^  out  the  thickened  mass  with  water,  and  then  with 
dilute  alcohol,  mssolvin^  in  a  bttle  hot  alcohol,  and  reaystallising.  It  may  also  be 
produced  by  leaving  ordmary  dichloraldebyde  in  contact  with  sulphuric  add ;  but  if  a 
small  quantity  of  nydrochloric  add  is  present,  no  trace  of  paradichloraldehyde  is 
obtained. 

Paradichloraldehyde  crvstalHses  from  alcohol  in  large,  often  vezy  perfect  and 
regular  hexagonalnTiamias,  having  a  sp.  gr.  of  1*69.  The  angles  of  tlia  latmai 
o^gea  »  ZS*'  4(K    lie  erjsUlM  are  euHj  soluble  in  hot,  much  less  so  \n  co\i  ilwjbs^. 
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To  decide  between  them,  B.  Schiff  (Deut,  Chem,  Ges,  Ber,  z.  I65)ha8  esamined 
the  reaction  of  the  analogous  compound,  chloral-ammonia,  O'HOl'O.liH*,  with  acetyl 
(^oride  and  acetic  anhydride.  When  either  of  these  substances  is  poured  upon 
chloral-ammonia,  the  mixture  becomes  hot,  and  a  clear  solution  is  formed  which,  on 
cooling  or  on  addition  of  water,  solidifies  to  a  white  crystalline  mass.  This  product 
dystaBises  from  water  in  fine  rhombic  tables  which  melt  at  166^  and  dissolye  in 
alcohol  but  not  in  ether.  Its  composition  agrees  with  that  of  monoacetyl-chl  oral- 
ammonia,  C'H>(0^*0)a*ON.  Heated  with  acetyl  chloride  in  sealed  tubes  to  120<* 
it  yidda  a  dear  solution,  which  on  cooling  deposits  a  white  crystalline  mass,  soluble 
in  ether  and  in  glacial  acetic  acid,  and  crystalhsiijg  from  the  latter  in  large  transparent 
prisms  melting  at  117^-118^ 

This  last  compound  is  diacetyl-ohloral-ammonia,  0^C^*0)*01*0N.  It 
is  instantiy  decomposed  by  hot  water  into  acetic  add,  which  dissolyes,  and  mono- 
chloraeetyl-chloral-ammoma,  which  is  deposited.  Hence  it  appears  that  the  two 
acetyl-groups  in  this  body  have  different  Actions,  the  second  having  evidently  taken 
the  place  of  hydrogen  in  a  hvdroxyl-group,  the  presence  of  which  in  chloral-ammonia 
is  thei^by  demonstrated.  The  constitution  of  the  dichlozacetyl-oompound  must  there- 
fore be  represented  by  the  formula : 

0-<?H»0 

cik)-Ln<S^^ 

A 

and  consequentiy  the  stroeture  of  chloral-ammonia  and  its  analogue  aldehyde-ammonia 
by  the  following  fonnube : 


VOH  y^H 

l«0-C^N] 


Ca«0-C^NH«  HH)-O^NH« 

OhkmlFammonla.  Aldghyae-iunmoTitai 

AoUon  qf  R^drocyame  Arid  on  Mdefyde^ammania, — ^The  product  obtained  by 
treating  aldeh)rde-«mmonia  with  nascent  hydrocyanic  add  (potassium  i^anide  and 
hydrochloric  add)  is  not  a  compound  analogous  to  the  diacetone-cyanhydrin  formed  in 
like  manner  from  acetone  {2nd,  Buppl,  16),  but  a  body  having  the  composition  O'H'K' : 

2C«H»0N  +  2K0N  +  8HC1  -  0-H»N»  +  2K01  +  NHK31  +  2H*0. 

It  crystallises  in  white  needles  mdting  at  67°>68''.  On  addition  of  silver  nitrate  to 
the  aqueous  solution,  silver  '(^anide  separates,  and  at  the  same  time  the  odour  of 
aldehyde  becomes  perceptible : — 

0-H»N»  +  2AgN0«  +  2HH)  -  2C»HH)  +  2AgON  +  NH<NO«  +  HNO». 

On  heating  it  with  adds,  aldehyde  and  hydrocyanic  add  are  separated ;  if  the  heating 
takes  place  in  sealed  tubes,  akmine  is  also  obtained : — 

C-HW  +  2H01  +   8H«0  -    {^  +    {^^H^-^^^  +    NH*a    +    HON 

(Urech,  Deut,  Chtm.  €hi.  Ber.  vi«  1118). 

On  the  reaction  qf  Aldehyde-ammonia  viUh  TMoeyamio  Ethers,  see  THZooTAino 
Etbxrs. 

Aldebjde  Snlpliltea  (H.  Bunte^  Liebide  Annalen,  dzz.  805).  Hiese  com- 
pounds are  readily  formed  by  dissolving  aldehyde  in  a  concentrated  solution  of 
an  add  sulphite;  the  solution  becomes  not,  and  remains  dear  after  coding  but 
deponts    crystals   when   evaporated    over  sulphuric    add;     The  potaestum   salt, 

G>H*80<E  -  GH^—GH<^^2,  forms  hard,  indistinct  oystals,  consisting  of  tufts  of 

microscopic  needles.  The  dry  salt,  as  well  as  its  solution,  is  decomposed  when 
heated  to  100^ 

The  sodium  salt,  OVSO^Na+HK),  has  similar  properties;  it  is  very  soluble  in 
water,  and  crystallises  by  slow  evaporation  over  sulphuric  add  in  nacreous  plates ; 
alcohol  predpitates  it  in  needles  having  a  satiny  lustre. 

By  mixing  add  ammonium  sulphite  with  aldelgde  small  needles  are  obtained, 
consisting,  not  of  the   add   ammonium  salt,  O'H'SO^NH^),  but  of  an  amide, 

G^^^j^»  difibring  therefrom  by  1  mol.  H*0.    Bedtenbacher(i4jifi.C%.Pftaf«k 

Ixv.  87)»  by  pasnng  sulphur  dioxide  into  an  alcoholic  solution  of  aldehyde-ammonia, 

obtained  an  isomeric  compound,  which  also  forms  small  needles,  dissolves  in  less 

than  13  parts  of  water,  and  when  heated  to  100^  for  lottj-^l^Vvt  ha\ttE  loaea  78  per 
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otnt,  leftTinga  brown  nsin, — ^whereas  its  iaomeride  requires  a  little  more  than  6  parts 
of  water  for  eolation,  and  when  heated  to  100°  loses  onlj  a  few  milligrams,  and 
aoqniree  a  rery  faint  mellow  cobnr.  Petersen  (ibid,  cii.  817)  obtained  a  similar 
body  br  the  action  of  snlphnr  dioxide  on  deliquesced  aldehyde-ammonia;  it  is  stable 
at  100^,  less  solnble  than  Bedtenbacher's  componnd,  and  probably  identical  with  that 
described  br  Bonta.  Two  other  bodies  haying  the  same  composition  are  known,  yis., 
tauino,  and  the  imtaurime  which  Kind  obtained  by  heating  the  silyer  salt  of  chlor- 
ethylsnlphooic  acid  with  strong  aqueous  ammonia  {J,  pr,  Chem.  [21,  |i  822). 

The  Mffttnt  ioU  cannot  be  prepared  by  direct  combination,  because  then  is  no 
add  sulphate  of  barium ;  neither  can  it  be  obtained  by  adding  a  barium  salt  to  a  solu- 
tion of  one  of  the  above  compounds,  because  it  is  vezy  soluble.  To  prepare  it,  alde- 
hyde is  added  to  an  aqueous  solution  of  sulphurous  acid,  which  dissolves  it  with 
evolution  of  heat.  "Bj  neutralising  with  bsryta  and  adding  aloohd,  indistinct  silky 
scales  are  precipitated,  consisting  of  (CWH'SO*)*Ba.  The  same  salt  is  formed  hj 
suspending  barium  carbonate  in  water,  passing  sulphur  dioxide  into  it,  and  adding 
aldel^e  from  time  to  time.  Its  aqueous  solution  is  decomposed  at  100°,  or  bv  the 
action  of.  baryta-water  or  sodium  carbonate,  but  not  by  carbon  dioxide  or  sulphur 
dioxide.  On  exposure  to  the  air,  it  becomes  turbid,  frtun  formation  of  barium  sul- 
phate. 

»rommldclijdaa«  The  action  of  bromine  on  aldehyde  has  been  examined  bv 
A.  Pinner  {Drnt,  Chem,  Qes,  Ber,  vii.  1490;  lAthi^i  Atmalen,  dxxix.  67)t  with 
results  identical  in  great  part  with  those  of  former  observers  (L  666 ;  2nd  Suppl* 
36). 

Aldehyde  in  its  ordinary  state  is  attacked  by  bromine  with  extraordinary  violence ; 
but  wiUi  jMraldehyde,  if  diluted,  especially  with  acetic  ether,  the  action  goes  on 
quietly.  Aie  product  varies  with  the  proportion  of  bromine  used,  but  is  in  every 
case  a  substitution-product  of  acetic,  not  of  but^o  aldehyde.  Hitherto  only 
dibromaldehvde  and  tribromaldehyde  have  been  obtained  in  the  puro  state,  the  mono- 
brominated  derivative  being  apparently  destroyed  for  the  most  part  by  the  hydzo- 
bnmio  acid  Ibrmed  in  the  course  of  the  reaction. 

Dibromaldehydet  GHBr'.CHO,  is  the  chief  product  obtained  when  2  mols.  of 
bromine  act  on  1  moL  of  aldehyde.  In  the  puro  state  it  is  a  colourless  liquid,  boHinff 
at  140°>142°,  with  a  smell  resembling  that  of  bromaL  When  heated  strongly  with 
water,  it  dissolves  and  forms  a  hydrate,  CH^rH)  +  HK),  which  czystaBises  in 
needles.  If  left  for  a  long  time  in  contact  witjh  excess  of  water,  this  compound  is 
eonverted  into  paradibromaldehyde,  ZCH^iH).  Puro  dibromaldehjxle  after 
some  time  idso  undezgoes  this  change.^  Dibromald^yde  combines  eaolv  with 
hydrocyanic  acid  to  form  an  addition-product,  C*H*Br*O.HON,  which  con- 
sists of  a  thid[  syrupy  ofl,  gradually  passing  into  dibromolactio  acid,  0*H*B^O*, 
when  boiled  with  moderately  strong  hydrochloric  acid.  Dibromaldehyde  exerts  a 
very  powerfhl  caustic  action  on  the  skiiu 

Tnbromaldehude  or  Bromqlt  CBr".OHO,  is  obtained  by  the  action  of  3  mols.  of 
bromine  on  1  of  aldehvde.  When  mixed  with  water  it  solidifies  in  thin  rhombic 
plates,  ndiereas  dibromaldehyde  forms  long  needles.  Bromal  combines  easily  with 
hydromnio  acid  to  form  bromal  hydrocyanide,  0*HBrH).HCN,  whidi  re- 
mains uquid  for  a  long  time  after  the  romoval  of  the  water  and  excess  of  acid,  but 
solidifies  at  once  on  action  of  strong  hydrochloric  add,  in  which  it  is  only  slij^tly 
soluble.  It  ozystidlises  from  alcohol  in  fine,  daiatling  white,  thick  prisms.  When 
digested  with  moderately  dilute  hydrochloric  add  for  some  time  Ttill  no  hydrocyanic 
acid  reaction  is  produced  on  addition  of  alkalis),  it  is  convertea  into  tribro mo- 
lactic  acid,  CwBr'O*,  in  the  form  of  a  slightly  coloured  thick  liquid  having  a 
sweet  taste. 

Bleliliinadtfliyde«  C^HKDIH).  The  dichloraldeh^e  formed  by  traatinff  dichlor- 
acetal  with  about  five  times  its  weight  of  cold  sulphuric  add,  thickens  in  a  wort  time 
to  a  semi-fiuid  mass,  containing,  besides  ordinary  dichloraldehyde,  a  small  quantity  of 
the  amorphous  polymeric  modification  described  by  P^tem&  (1«<  SmppL  76),  together 
with  a  second  polymeride.  This  modification,  called  paradichloraldehyde,  is 
eadly  obtained  joun  by  washinp^  out  the  thickened  mass  with  water,  and  then  with 
dilute  alcohol,  mssolvin^  in  a  bttle  hot  alcohol,  and  redystalliBing.  It  may  also  be 
produced  by  leaving  ordinary  dichloraldehyde  in  contact  with  sulphuric  add ;  but  if  a 
small  quantity  of  nydrochloric  add  is  present,  no  trace  of  paradichloraldehyde  is 
obtained. 

Paradichloraldehyde  ervstallises  from  alcohol  in  large,  often  very  perfect  and 
rpgnlBT  heMagoBaJpfianudg,  having  a  sp.  gr.  of  1*69.    The  angles  oi  t^ba  AjbXjsnl 
odges  "  78''  4</.    Hbe  ayatala  are  eaeilj  soluble  in  hot,  much  less  so  \n  coli  i^ocSbskV 
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Tliej  aro  ulso  folubte  in  other,  h^JfocubotiB,  asd  uetio  seid.  Boiling  inter  dig- 
Boliea  oq!;  tntces,  and  .microacopical  crjBtals  of  the  antoe  form  Beparnte  on  cooliog. 
The  molting  potntlies  betwooa  129°  and  130°.  Tks  moltoi  mast  soli  JilicB  on  cooling 
in  largo  crjstala.  At  2l0''-2a0''  it  sublimeB,  irith  fnnnation  of  ft  umaJI  tmco  of 
□rdiDarv  dichlorsldebjde.  A  qnick  and  mmplete  chnnge  into  the  liquid  modiflcatioa 
tskcB  place  betwesn  240°  and  245°.  but  rancentratvd  Bulphiiric  acid  prodoeea  the 
ohaago  at  120°-]ao°.  Pivnidicliloraldohyde  diaSQlTfd  in  carbon  tetrachloride  it 
■lorl;  attacked  by  chlorine  atordinarj  temperaCureB.  nnderthe  influence  of  direct  lun- 
Ught.  trirhloracetjl  chloride  being  the  chief  product  of  the  renptiaii.  PhotphoruB 
pentochloride  sets  only  at  n  temperetnre  vhich  would  of  itself  prodtioe  the  ohsnga 
inio  ordinar}'  dichloraldehyde.  It  diaaolvM  with  the  greatest  facility  tn  anbydmua 
acetia  acid,  eepeciallj'  when  wnrmed,  and  eeparateB  ont  sBiuD  anchonged  (JMobun, 
Dml.  Chm.  Ges.  Brr.  riii.  87> 


Ciem.  Son.  Jour. 


On  tbo  action  of  Aldehydes  OD  Animoaiiim  Thioearbamate.  sea 
Tkiocabbuutbs  ;  for  their  action  on  Kaphthylamine  Biaulphitd,  see  KAiTETUMiaE 
[2nd  Suppl.  846}. 

On  the  compoundBDE  Aldehydes  with  AromaUc  Hydrocatbone,  see  FoBiiAUieuYD* 
(and  Siippl.  533). 

On  the  compaunda  of  Aldehydes  with  Urethanes,  see  Ci^bahatbs. 

On  the  fruit  of  Alwritei  Ml^oba,  called  '  Candle-nuta'  or 
B  Sad  Suppl.i39;  further,  Corenwindet  (Owijit,  r«nd.  Iisxi.  43; 
876,  i.  B7). 

■0'  -  CH".Cn[OH).0Hi.CHO.  This  compound,  polymeric  with 
common  aldBhyde,  is  the  aldehyde  of  bnteoe-glycol,  and  of  6-oiyfantjric  aoid  (2»ui 
Suppl,  37)'  When  left  to  itstU  for  some  weeks,  it  deposit*  cnrataJa  which  may  be 
separated  from  the  remaining  fluid  portion  by  washing  with  ether.  The  aoHd  body 
thus  formed  is  pnraldal,  n  polymoride  of  aldol.  related  to  it  io  the  same  manner  aa 
paraldehyde  to  nldebyde.  Id  eofteos  at  80";  distils  in  a  vacuum  hetwcen  BC°  and 
100°;  diaaolves  easily  in  wnter  and  in  alcohol  (1  pt.  in  3'B  pta.  of  alcohol  of  00°), 
and  i:i7etBllieea  from  tbo  alcoholic  solution  in  triclinia  priama.  It  diaaolvsa  in  20 
ports  of  ether  at  22",  and  cryataUiaea  from  the  solution,  bnt  the  iaat  portions  of  the 
mother-liquor  contnin  aldol.  By  silver  oiide  it  is  transformed,  like  oldol  itself,  into 
0-oiybutyric  acid  (Wurtz,  Compt.  rmd,  Iixiiil.  SSS). 

i>iaiij>icCH"O'  =  2C'H'O'-a'OorCH".CHOH.CH'.CH^CH.CH(OH),0H'.CHO. 
Thia  anbatanco,  related  to  aldol  in  the  aame  manner  aa  crotonaldohyde  to  acetatdebyde. 
is  formed  in  like  manner  by  condensation  of  2  mols.  of  aldol  with  elimination  of 
1  mo).  HX>,  ander  the  inflaeace  of  hydrochloric  acid.  Dialdauemeltaal  13B°,  anddiatila 
at  137°,  nnder  a  pr<!ssura  of  2  crntimeters  of  mercun.  It  dissulrea  [n  boiling  water, 
bat  cryatnllisea  out  in  grent  part  on  cooling  in  brilliant  sealos.  It  is  very  soluble  in 
alcohol,  but  only  aligbtly  ao  in  ether.  I(a  aqueoua  aolntion  reduces  ailver  oxide  wtlh 
formatioD  of  a  mirror,  giving  rise  to  a  monobasic  acid.  CH"0',  the  silver,  mdiuni, 
bariuiD,  and  calcium  salts  of  which  are  crystalline.  Tbia  acid  is  formed  from 
dialdane  by  the  IniDBformntion  of  the  aldehyde  group,  CHO,  into  carboiyl,  COOH. 
It  ia  strongly  acid,  and  distils  at  198°  under  a  prosaure  of  2  cenlimetcra  of  mercor^. 
It  is  soluble  in  water  and  in  alcohol,  and  separatea  from  the  hot  aqueous  solntiaa  ux 
splendid  monoclinic  cryatala  melting  at  aO°  (Wurti,  BfUl.  Sac.  Chim.  [2],  iliy.  lOO), 
jfrtiont/^mniiWiiflOTiJJifoi.— When aIdol*mmonia,C'H"0'.NH"(2THi  Suppl.  38), 
ia  diatiUed  in  a  current  of  dry  ammanin  at  20D°-300°,  water  ia  formed  and  an  oily 
liquid  paaaes  over  containing  variona  bosie  sahetailceB;  amongst  these  is  one  whidi 
forms  a  plalinnm  salt  prystsUiaing  in  regidar  octohedrons,  and  baring  the  compo- 

ID^on  of  collidine  chloroplatinate.  The  foIIowiDg  equation  represenla  the  reaction  : — 
SC'H'O'  +  NH"  =  C'H"S  +  4H>0. 
Hie 
..T 
pure 
at  1 
rb» 


The  other  bases  have  not  jet  been  eianuned  (Wurti,  loc.  cif.) 

Umns.  0"H'NO>.  and  AlXXAXnilDX,  C'H^D'  (Li'bermann 

a.  TroBcbkis  Daut.  Chm.  Grt.  Ber.  viii,  37S).     When  a  somewhat  dilute  solution  of 

purealiwirin  in  ammonia  ia  heated  for  some  hours  to  lfiO°  or  200°,  or  for  a  lona  time 

at  100°,  it  is  converted  into  ad'aaramirfp  or  amidoxi/aHthrayuinaai,  C'H'NO*, 

■   C'lI'O'  I  K-ar    '^  formation  may  be  represented  by  the  aquation  : 

C"H'0'}°^  +  NH-  =  HK)  +  C'H'O'j^^r 
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the  precipitate  from  boiling  alcohol*  alixaramide  is  obtained  in  beautiful  brown 
needlee,  having  a  metallio  iridescence.  It  difisolyes  in  alcohol  with  a  yellowish-brown 
colour,  and  is  easily  dissolved  in  the  cold  by  solutions  of  the  alkalis  and  alkaline 
earths.  It  melts  at  about  250^-260°,  and  sublimes  when  eareftilly  heated.  Its  barlTmi 
compound  has  the  formula  rC'^H'NO'^'Ba. 

Alizaramide,  treated  in  not  alcoholic  solution  with  nitrous  acid,  yields  ozyanthra- 
quinone,  O^^HK)*.  Dilute  alkaline  solutions  of  alizaramide  are  not  altered  by  boiling, 
but  alizarin  is  regenerated  -  when  alizaramide  is  fused  with  potassium  hydrate. 
Boiling  hydrochloric  acid  dissolves  the  amide  easily,  without  decomposition,  but  if 
the  two  are  heated  together  to  250^,  pure  alizarin  is  produced,  which  fills  the  tube 
with  long  orange-red  needles. 

Jlizarimide,  0*«H'NO*  -  G>«H*0>.NH.— If;  instead  of  a  dear  ammoniacal 
■dution  of  alizarin,  a  comparatively  large  quantity  of  fiocculent  precipitated  alisarin 
is  heated  with  strong  ammonia,  another  pxx>duct  is  obtained  which  separates  in  the 
tube  in  a  eiystalline  state,  whilst  the  alizaramide  formed  at  the  same  time  remains  in 
solution.  This  substance  is  an  ammonium-compound,  as  it  gives  off  ammonia  when 
boiled  with  a  dilute  solution  of  sodium  hydrate.  B^  di^stion  with  dilute  hydro- 
chloric acid  the  ammonia  is  removed,  and  alizarimide  is  left.  Its  eiystalline  form 
is  veiy  similar  to  that  of  alizaramide,  but  it  is  scarcely  soluble  in  ammonia,  or  in 
cold  mlute  alkaline  solutions.  With  baryta-water  it  gives  an  insoluble  dark  violet 
precipitate. 

See  DiozTAJiTHBAQTTiMOini,  under  AirrHBAQUiiroinB. 

i02DS.  Detection. — The  following  method  for  the  detection  of  alkaloids 
in  organic  mixtures  is  recommended  by  Selmi  (Gazzetia  ehimiea  italiana,  iv.  1),  as 
eaner  than  those  of  Stas,  Otto,  and  von  Uslar.  The  organic  substance  is  digested 
for  some  hours  with  alcohol  and  a  litUe  sulphuric  acid ;  it  is  then  filtered,  and  the 
residue  treated  again  in  the  same  way.  The  filtrates  are  somewhat  evaporated, 
filtered  again,  evaporated  to  a  syrup,  and  freshly  prepared  barium  hydrate  is  added. 
After  addition  of  anhydrous  bazyta  and  powdered  glass,  the  whole  may  be  reduced  in 
the  mortar  to  a  coarse  powder,  shaken  up  with  perfectly  pure  ether,  and  the  filtrate 
digested  with  freshly  prepared  lead  hydrate.  By  then  extracting  with  ether,  the 
alkaloid  is  obtained  quite  pure.  (See  farther  Oasgetta^  vi.  82 ;  Chem,  Boo,  Jom, 
1877,  i.  110.) 

Renetioiu  oj  Alhaldida  with  iodised  Htfdriodic  Acid. — This  reagent  yields,  with  the 
alkaloids,  characteristic  compounds,  which  are  amorphous  at  first,  but  become  micro- 
eiystalline  after  some  time,  especially  if  they  are  gently  heated.  They  decompose 
rapidly  on  exposure  to  the  air.  Nicotine,  in  the  state  of  acetate,  chloride,  or  sul- 
phate, gives,  under  the  above  conditions,  either  rhombic  plates  or  prisms  of  a 
brownish  colour.  Neither  the  acid  used  for  solution  nor  the  hydriodic  acid  should 
be  in  p;reat  excess.  Brucine,  when  treated  in  the  same  way,  yields  rose-coloured 
rhombic  plates.  If  the  solution  of  brucine  is  veiy  impure,  the  precipitate  should  be 
heated  to  60^-60^  in  dilute  lactic  acid  The  crystals  deposited  from  this  solution 
are  yellow.  Veiy  small  quantities  of  brucine  may  be  detected  by  evaporation  with 
bromated  h^rdrobromic  acid.  A  yellow  precipitate  falls,  which,  on  being  heated  at 
40^,  and  dried  at  the  ordinaiy  temperature,  is  violet  in  colour.  This  tint  is  intensi- 
fied by  addition  of  a  little  nitric  acid,  after  which  it  changes  to  a  rose-red  and  finally 
to  a  purple.  lodated  hydriodic  acid  gives  dark  maroon-coloured  crystals  with 
strychnine  Oelmi,  loo.  oit.) 

S^aeeifio  reactions  of  the  Opium  AUudoidB. — Morphine,  papaverine,  and  codeine,  gife 
with  iodised  hydriodic  add,  crystalline  compounds,  the  special  forms  of  which  may  be 
readily  discerned  by  means  of  a  magnifying  power  of  460.  Precipitates  are  produced 
with  narcotine,  narceine  and  thebaine,  but  they  are  not  ciystuline.  The  reaction 
with  morphine  is  the  most  sensitive,  distinct  and  characteristic,  oystals  being 
obtained  with  a  single  drop  of  a  j^i^  solution  of  the  alkaloid  (Sdmi,  Chug.  v. 
256). 

Reactiiona  with  Potassio-plaiinic  Iodide  and  Potaem-aurio  Iodide. — These  reagents 
are  prepared  by  adding  a  solution  of  potassium  iodide  to  one  of  platinic  chloride  or 
auric  chloride,  until  the  predpitate  at  first  produced  is  redissolved.  The  platinum 
salt  is  a  general  reagent  for  the  detection  of  aUaJoGids  in  aqueous  solution,  and  is  a 
spedfio  reagent  for  distinguishing  nicotine  from  conessine,  and  also  solanine  from 
solanidine.  In  acetic  add  solution  it  gives  an  imnftdiate  black  precipitate  with 
nicotine,  but  none  withconeeiline,  whilst  with  solanidine  it  yields  a  wine-red  predpitate, 
but  none  with  solanine.  The  gold  salt  serves  to  distinguish  nicotine  from  oonine ; 
with  the  former,  when  the  solution  is  evaporated,  a  magnificent  arborescent  crystalli- 
aatioa  is pzodneed  eoDBtatSng  of  long  slender  plates,  whilst  with  ocmm^  oVi'j  dxof^ 
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an  fbimed  without  uiy  appeuaoca  of  crystalliHstion.  In  a.  mmHai  nuamer  Mlaaina 
ia  Dotoored  brown  bj  tho  gold  anil,  wlulet  BolAoidine  merely  Iwcomw  iligliUf  yel- 
lowuh  (Selmi,  Gtuxetta,  t.  255). 

Reactiettt  with  Aurie  Bromidt,  Sodio-amvvs  thiotidphaU,  Ltad  letracUoriSe,  sod 
Uie  Siilpiatt  of  Mangaruta  Dioxide.  With  brotnid*  of  gold,  dilute  solntioas  of  Conine 
or  eicutiue  (jjg)  give  no  leoctioa  in  the  cold,  bat  becoiue  violet  when  heated ;  u 
KolntiDn  of  nicotine,  uodei  limil&i  coaditions,  becomea  toibid  at  Brst,  but  rcgaJna  its 
Icaiupaienaj  when  geatly  h«at«d ;  at  the  boiling  tampecstnce,  howsTer,  it  takes  a. 
blaJBD  tii^,  and  rednoed  sold  ia  gradually  deposited.  Sodio-aurons  thiosalahste 
Eerres  to  dlstingnisli  solamne  from  eolanidinc,  as  it  giTea  a  precipitate  with  the 
former  bnt  not  with  the  latter;  in  a  ainiilar  man  dor  it  precipitates  narcotine,  jjapa- 
verino,  and  thebaine,  but  not  codeine,  morphine,  or  narcsina.  With  daphnine  it 
forma  a  rough  pellicle.  Sulphate  of  gold  precipitates  all  the  opiuia  alkatoida  with  the 
eieeption  of  morphine.  It  aJeo  girea  a  copioua  yoUow  precipitate  with  Bolanidine, 
wbilat  with  Mlanioe,  altbongh  there  is  no  immediate  preoipitate.  the  gold  is  gradu- 
ally Tsdncsd  and  depoeitad  ia  the  metallic  state.  With  nicotine  it  yields  a  permanent 
yellow  preoipitate,  but  it  does  oat  precipitate  cooino. 

load  ttlracUoride  servea  to  diatinguiah  bruoine  and  papareriDC,  with  vbich  it 
gives  briok-red  precipitaUa.  It  gives  a  white  precipitate  with  delphimne,  and  a 
cojiioua  dratalline  precipitate  with  aolanine ;  mcotine  forma  a  yellow  precipitate, 
wbilat  conino  yields  none  (Selmi,  loc.  at.) 

Speeifii:  reactions  of  Methylamine,  Trivuthylanatu,  and  Propylamiu. — The  Bret 
two  of  tbesB  basoa  give  ciyatalline  compounda  with  iodised  hydiiodic  acid,  and  block 
precipitates  with  potaaoio-auric  iodide.  Iodide  of  potasaium  and  bismuth  yields  a 
yellow  precipitate  with  trimotbylamine,  but  none  with  the  others.  Aucio  chloride 
gives  arystafiine  compounds  with  mebbytamlno  and  trimethylamine,  and  is  reduced 
by  prapylomiiie  after  a  time.  Auric  sulphate  produces  no  eSect  with  propylaminB, 
miuat  with  methylamine  it  givea  yellow  platea,  and  with  trimethylamme  ruby-red 
uyitali  (Selmi). 


Seaelietu  ofJIiatt/idi  taith  Ammintimn  Mo!ybdaie.~Oa  mixing  various  aJluloTds 
with  amoll  quantitieB  of  a  recently  prepared  salution  of  ammonium  moljbdats 
(B  graiiu  diuolTed  in  2  druhnu  of  pure  Bolpbimc  acid),  the  foUawing  reactions  ue 
observed: 

(1.)  No  colour  at  flist,  but  a  clear  blue  tint  after  some  time  :  Quinine,  cinchonine, 
B,  caSeino.  ouparagine 


;2.)  CAaraetmalia  wfoun.— Solanino,  yellow.  Vemtrine,  yellowish-ereon,  changing 
ark  brown,  and  eveiituaUy  to  dark  blue.    Narcotine.  yallowish-gieen.     Codeine, 
Uorpbine,  dark  r«d,  i^nging  to  parpl»-red,  then  to  dark  blue.    Digitaline, 


earmine,  afterwards  puiple-red,  changing  to  dark  blue.  Aconitine.  dear  yellowiah- 
brown,  changing  through  purple-red,  to  dark  blue.  Piperine,  brown-red.  Broeins, 
bnek-nd  (J.  V.  Bocki^ham,  Jmer.  J.  i'&mn.  1S73, 149). 

With  Piotphomolyb^  acid. — The  use  of  this  acid  (or  its  aodinm  aalt)  was  flret 
recommended  by  Sannenschein  for  the  precipitation  of  alkaloVde  (i.  127).  Further 
details  OD  the  mods  of  jirecipttation,  and  the  character  of  Uie  precipitates  formed  in 
portioolar  cases  are  given  by  Stmve  {Zdlsnhr.  Aaal.  Chtm.  ziu  IGl;  Ck^n,  8aa.  J. 
[3],  xii.  2B3).    See  also  the  aeTeral  Alkaloids. 

Ssaetion*  vith  Hydrogm  Sulphide. — Bofmann,  by  treating  strychnine  in  alcoholic 
•otntitm  with  yellow  ammonium  sulphide,  obtained  a  compound  of  that  ajkalold  with 
bydrogon  tBKdpbJde,  yis,  C'H'^'O'.H'S'  (1«(  Suppl.  372).  Wichelhnus  obtained 
gnlph(ir.oampounds  c^  stzyohnine,  and  likewise  of  bmcine,  by  the  action  of  hydrogen 
■nlphide  on  thia  base  in  dcoholic  aolulion. 

The  atudy  of  theao  compounds  hea  been  further  pnrsned  by  E.  Schmidt  (Dait, 
Chrni.  Oa,  Ber.  viii.  1237),  who  has  obtained,  by  the  action  of  hydrogen  snlphide  on 
strychnine,  a  compound  crystallising  in  orange-red  oeedlea,  to  which  he  assigna  the 
formula  (C"H^]!TO'),(H'8')',  and  in  lite  manner  two  brucine-compounds  tepreBontcd 
by  the  formnlaa  0"H"N'O*.H^'  and  (?'H'*N'0'.2H^.  These  oompoands  ore  de- 
composed by  mineral  adds,  with  separation  of  yellow  oily  drops  eontisting  of  hydrogen 
diaulphide.    For  detailed  deaoription.  see  Bbdcqib  and  orBTcamm. 

Similar  reactiona  appear  to  take  place  when  hydrogen  sulphide  ii  passed  into  the 
alooholio  BolutioDa  of  quinine,  cinchonine,  qnioidine,  dnehonidine.  morphine,  oadeiDe, 
thebaine,  papaverine,  narcotine,  atropine,  veratrine.  conine,  and  niootuie,  tlie  liquid 
turning  vellow  and  depositing  auJphur,  together  witbanlphnretladorganiocomponndB, 
all  of  which  however  ace  very  unstable,  and  have  not  yet  been  obtained  in  definite 
form.  The  qmoine-,  dnchonine-,  and  morphine-compounds  are  the  only  ones  which 
fsparato  epontaneonsij  from  their  alcoholic  aol»tiona,  anil  efeo  in  Uiasa  tawa  V\i6 


I 
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dflpoaitB  obtained  appear  to  be  mixtures  of  sereral  oomponndfl.    With  the  weak 
baMB,  carbine  and  theobromine,  no  similar  sulphor-oomponndB  appear  to  be  formed. 

For  the  formation  of  these  snlphor-componndB  of  the  alkaloids  by  the  action  of 
hjdrogen  sulphide,  the  presence  of  oxygen  appears  to  be  an  essential  condition ;  for,  if 
it  be  exdndea  by  passing  carbonic  anhydride  through  the  apparatus,  and  passing  the 
hydrogen  sulphide  through  an  alkaline  solution  of  nyrogallic  acid  before  admitting  it 
into  the  solution  of  the  alkaloids,  the  liquid  neitner  turns  yellow  nor  deposits  any 
solphup-oompound.  The  nature  of  the  reaction  may  be  illustrated,  in  the  case  of 
•tiTchnine,  l^  Uie  following  equation : 

20«>H"N«0«  +  6H«S  +  0*  -  8H*0  +  (0«»H«!TO«)«.(H«SO*. 

When  l^drogen  sulphide  and  carbon  disu^hide  are  made  to  act  together  on  an 
alooholie  solution  of  stxrchnine  or  brucine  (GS'  alone  has  no  eflbct),  yellow  crystalline 
bodies  are  deposited  either  immediately  or  after  some  time. 

SohMUjf  qf  Alkaknda  in  Chloroform, — ^When  alkaline  solutions  of  strychnine, 
qiiinine,  quinidine,  cinchonine,  caffeine,  theobromine,  emetine,  atropine,  hyoscyamine, 
aconitine,  Teiatrine,  physostigmine,  narooUne,  codeine,  thebaine,  nicotine,  or  conine 
are  shaken  up  with  chloroform,  these  alkaloids  are  dissolved,  eyen  in  the  cold.  Bru- 
cine, colchicme  and  papaverine  are  also  dissolved  after  some  time.  Sabadilline  axid 
nareeine  (the  latter  partially)  are  dissolved  on  application  of  heat.  Pierotoxine  is 
easily  dissolved  from  acid  solutions.  Morphine  ana  solanine  are  insoluble  in  chloro- 
form. By  agitating  the  chloroform  solution  of  any  of  the  above  alkaloids  with 
«M«<^ifl^  water,  the  alkaloid  is  taken  up  by  the  acid,  and  may  thus  easily  be  obtained 
In  a  veiy  pure  state  (J,  Nowak,  Ch&m.  Cmtr.  1872,  636). 

On  the  Action  of  Alkaloids  on  the  Organic  Substratum  of  the  Animal  Body,  see 
Bossbaoh  {N.  Bep.  Pharm.  xxii.  612-544 ;  Chem.  8oe,  J,  [21,  xii.  173). 

On  the  Detection  of  Alkaloids  in  Corpses,  see  Dmt,  Chem,  Ges,  Ber,  vii.  1064, 
1882;  Chmn.  8oe.  J,  [2],  xiii.  192,  298. 

ASAAVITB.  J.  A.  Cabell  (ChsTn,  New8,  xxx.  141)  has  analysed  allanite  from 
Amherst  County,  Yir^uiia.  A  spe<nmen  weighing  between  1  and  2  pounds  presented 
the  appearance  of  an  imperfect  crystal  8  or  4  incnes  long  and  wide,  and  an  inch  thick. 
The  aMmng  matrix  consisted  of  decomposing  felspar  and  quarts ;  the  colour  was 
Uaek ;  hardness  between  6  and  6 ;  sp.gr.  8*88.    Analysis  gave 

BIO".     APO*.  leW.    FeO.     CJeO.   LaO+DlO.  TO.    BaO.    CuO.  MgO.  BS>. 
81*28   16*46  8*49   18*67   11*84     9*90     1*66  0*24   869   0*22  2'28-99'16 

Supposing  the  water  non-essential,  and  all  the  basic  constituents,  except  AlH)* 
and  'FtAj^,  to  be  monoxides,  these  numbers  are  nearly  those  of  the  usual  formula  of 
allanite^  which  is  the  same  as  that  of  garnet,  vis.  (R'^'^'lSi'O**.  If,  however,  the 
cerium  metals  and  yttrium  be  viewed  as  tri-atomic,  this  formula  is  nearly  that  of 
epidote,  (B'^B'**)Si*0'',  to  which  allanite  is  nearly  related  in  crystalline  form. 

ASJLAMTOtm,  C<H«NH)*.  This  compound  is  formed  by  heating  1  part  of 
glyoxylic  acid  with  2  parts  of  urea  to  100^  for  eight  or  ten  hours.  On  exhausting 
the  resulting  mass  with  alcohol  and  dissolving  the  residue  in  boiling  water,  the  solution 
an  cooling  &posits  the  allantoin  in  large  shining  crystals. 

AllMttflffn  may  therefore  be  regard^  as  the  diureide  of  glyoxylic  acid,  analogous 
to  pymvil,  the  diureide  of  pyruvic  acid : — 

CH* 
jjIH— CH— NH— CO— NH»  I 

00(  1  Jra— O-NH— CO— NH« 

^NH— OO  C0<  J 

^NH— CO 
AllantdXii.  PynxTfl. 

The  mmB  analogy  may  be  traced  in  the  derivatives  of  these  two  bodies ;  thus  :~^ 

C^«N»0«.H«0.  C*H«NH)«. 

Oljozyl-mm.  FjFniTil-iirea. 

(JUlaDterio  aoid  of  Felooie.) 

0»HWO».HH).  C»H"N«0«. 

Diglyozjlio  trimdda.  DipjniTlo  trioxvlde. 

(AUsa^fa  sdd  aC  MuUBr.) 

C^WO*.  C*H«N«0«. 

Hydsntoni.  LMtyl-nzm. 

The  allanturic  add  of  Pelouse  was  obtained  by  the  action  of  hydrochloric  add  on 
^llitTifiwnj  by  which  reaction  Mulder's  allanturic  acid  was  also'  formed.  Similarly, 
jgrnnil  /ields  with  gtwag  hjdrocblorie  add  the  monurdde  of  pyruvic  add,  asid  m\}Ek 


58  ALLOPHANIO  AOID. 

dilute  faydrochlorio  acid  the  trioreide  of  the  flame  acid  (Grimaux,  Compt,  rend. 
Ixmn'ii.  62). 

According  to  £.  Mulder  (Deui,  Chem,  Gea,  Ber.  riii.  1291)  allantom  oxidised  by 
potaesinm  permanganate,  in  presence  of  freeallcalii  is  converted  into  potassium 
allantozanate,  C«H>N^O«. 

AJOMWnSMXO  AOIB.  Ethyl  AUophanate,  C*H*N*0*.C>H*.— The  crys- 
talline body,  supposed  to  be  an  amidated  ether,  CH(CO.NH>)>CO*C>H\  whidi  Amato 
obtained  by  the  action  of  a  slightly  acidulated  solution  of  potassium  cyanide  on  an 
alcoholic  solution  of  ethyl  dicUoracetate  (2nd  Bwppl,  0),  has  since  been  found  to  be 
nothing  but  ethyl  allophanate,  formed  by  the  action  of  potassium  cyanate  contained 
in  the  crude  OTanide  on  the  alcohol  used  as  a  solrent.  dj  treating  aqueous  alcohol 
with  an  acidulated  solution  of  pure  potassium  cyanate,  this  ether  may  be  obtained  in 
theoretical  quantity. 

.  Fifty  grams  of  potassium  cyanate  are  dissolved  in  800  c.c  of  alcohol  of  66  degrees  of 
Gay  Lussac's  alc^olometer ;  tne  solution  is  mixed  with  hydrochloric  add  diluted  with 
alcohol,  in  sufficient  quantity  to  produce  an  acid  reaction ;  and  the  mixture,  without 
separation  from  the  crystalline  powder  which  is  deposited  from  it,  is  heated  for  two 
days  in  a  reflux  apparatus.  On  distilling  off  the  alcohol  and  treating  the  residue 
with  successive  small  portions  of  ether,  nearlythe  whole  of  the  aUophanic  ether 
produced  by  the  reaction  passes  into  solution.  The  ciystals  which  separate  from  this 
ethereal  solution  are  pressed  between  bibulous  paper,  dissolved  in  boiling  water, 
recrystallised,  again  pressed,  and  dried  in  a  vacuum. 

Ethyl  allopliAnate  thus  prepared  (oystallises  from  water  in  small  needles  sometimes 
grouped  in  spherical  masses.  It  is  tasteless,  inodorous,  slightly  soluble  in  cold 
water,  more  soluble  in  alcohol  and  ether.  "Wlien  heated  in  the  air  it  melts  and 
sublimes  in  woolly  flocks.  In  capillary  tubes  it  melts  between  190°  and  191°.  Kept 
for  some  time  at  its  melting  point  in  a  retort,  it  is  gradually  resolved  into  alcohol  and 
cyanuric  add ;  if  the  ether  is  not  quite  dry,  ammonia  and  carbon  dioxide  are  at  the 
same  time  evolved  (Amato,  Gaze,  ohim,  ital.  iii.  469). 

Sulphuretted  Ethyl  Allophanate,  0«H«N«02S.C«H»  =  NH{  c^^i-— 

When  equivalent  quantities  of  urea  and  carbonyl-sulphethyl  chloride  (q,  v.)  are  con- 
tinuously heated  to  80°-90°  in  a  retort  with  reversed  condenser,  the  f blowing  reaction 
takes  place : — 

co<8r  .  co<^  .  Ha  .  HN<co^^. 

and  after  all  the  hydrochloric  add  has  escaped,  there  remains  a  white  mass  consisting 
of  the  sulphuretted  allophanic  ether.  On  dissolving  this  mass  in  boilix^  water  or 
alcohol,  filtering,  and  leaving  the  solution  to  cool,  the  ether  is  obtained  either  as  a 
white  crystalline  powder,  or,  if  the  solution  has  been  sufficiently  diluted,  in  nacreous 
needles.  It  melts  with  decomposition  at  180°.  When  continuously  heated  to  100° 
with  aqueous  ammonia,  it  yields  mercaptan  and  biuret: — 

HNc8s^H.  *  NH.  =  c«H.SH  +  hnConh; 

Boiled  with  baryta-water,  it  yields  mercaptan  and  barium  allophanate.  The  sulphu- 
retted ether  therefore  behaves  like  ordinary  allophanic  ether,  yielding,  however,  mer- 
captan where  the  latter  would  yield  alcohol.  On  heating  it  with  aniline^  either 
directly  or  in  alcoholic  solution,  the  odour  of  mercaptan  is  immediately  developed, 
and  after  a  few  seconds  also  that  of  ammonia,  showing  that  a  diphenylated  product, 
viz.,  diphenyl-biuret,  has  been  formed,  according  to  the  equation: 

H^<C0f^.  *  2CH»NH«  -  (m'S  +  NH.  +  NH<ggNHjgH;) 

the  reaction  being  precisely  analogous  to  that  by  which  Hofinann  obtained  diphenyl- 
biuret  from  ethyl  allophanate  and  aniline  {2nd  Suppl  198).  The  (^phenyl-biuret 
thus  obtained  separated  on  cooling,  and  after  repeated  ciystsdlisation  from  alcohol, 
melted  at  210°  (Peitzsdi  a.  Salomon,  J,  pr.  Chem,  [2],  viL  477> 

The  preceding  reactions  show  that  allophanic  ether  may  be  regarded  as  the  amido- 

coon 

ether  of  a  bibasic  acid,  HNqqq^.    Moreover,  since  allophanic  ether  is  converted 

into  biuret  by  heating  with  aqueous  ammonia,  and  into  diphenyl-biuret,  as  shown,  by 
heating  with  aniline,  it  follows  that  biuret  and  allophanic  ether  stand  to  one  another 
in  the  same  relation  as  oxamide  and  oxamethane : — 

Ozamethane.  Allopbanio  ether. 
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Ozunido.  Biuret. 

(Salamon,  J.  jm*.  Cktm.  [2],  iz.  290). 

A&XrOFBXn.  This  mineral,  formerly  regarded  as  serpentine,  has  been  shown 
hj  Lefler^s  analysis  to  be  a  distinct  species.  It  forms  compact  microcrystalline 
masses,  penetrated  by  lamine  of  biotite.  Hardness  less  than  that  of  calcspar.  Sp. 
gr.  a  2*641.  Pale  green,  more  transparent  than  the  generality  of  serpentines.  In  a 
thin  section,  under  strong  magnifying  power,  allophite  appears  as  an  aggregate  of 
felted  scales  like  pseadophite,  the  parent  rock  of  the  enstatite  of  the  Aloysthal  in 
MonTia,  which  it  resembles  in  many  respects.    Its  chemical  composition  is : — 

BIO*.  APO».  MgO.  Feny.  Cr»0-.  H^. 

86*226        21*925        85'626        2*176        0*850        2-976  »  99-676. 

Kcjglecting  the  small  amount  of  water  which  escapes  at  a  high  temperature,  Lefler 
gires  for  aUophite  the  formula  2(AlH)*.SiO>)  -f  3(MgO.SiO'),  (Websky,  Jahrh.  /. 
Mkuraloffie,  1874,  429). 

JIli'Mlimw  and  AULOZAWZO  AOIB*  On  the  constitution  of  these  bodies 
S6e  Salomon,  J.  pr,  Ckem,  [2],  iz.  490;  Chem,  Centr.  1874,  451. 

MJLiMMYBm  On  the  Expansion  and  Specific  Heat  of  Fusible  Alloys  (of  bismuth, 
Un,  lead,  and  cadmium),  see  W.  Spring  (Ann.  Chim,  Phys,  [5],  yii.  168 ;  OA^m.  8oe, 
Jam.  1876,  iL  692). 

OH*=CH— CH« 
AJUUWlb  or  OIAUbTlH  0*H*«  -  I      .    On  the  formation  of  this 

CH«i=CH— CH« 
hydrocarbon  by  heating  a  mixture  of  allyl  bromide,  bromobenzene,  and  benzene  with 
sodium,  see  %nd  8mppL  p.  46. 

Liallyl'diehlorhydrin,  0»H«KJ1K)«  -  ^^C»H»— 0«H»<^j^,  is  formed  by 

tha  union  of  diallyl  with  2  mols.  of  hypochlorous  acid,  the  combination  easily  taking 
idace  OD  adding  Uie  diidlyl  to  a  cooled  and  moderately  strong  solution  of  the  acid 
(prepared  by  the  action  of  chlorine  on  mercuric  oxide).  The  mercury  contained  in 
the  crude  product  is  precipitated  firom  the  solution  by  hydrogen  sulphide,  taking  cara 
to  stop  the  addition  ot  that  reagent  as  soon  as  the  yellow  precipitate  of  mercuric  oxv- 
sulphide  burins  to  turn  black,  as  otherwise  sulphuretted  diallyl-compounds  will  be 
formed.  T^e  diallyl-dichlorhydrin  is  dissolved  out  h^  ether,  the  ether  then  distilled 
oif^  and  the  product  dried  in  a  yacuum  oyer  oil  of  yitnol. 

DiaUyl-dichloriiydrin  is  a  colourless  or  faintly  yellowish,  translucent,  yery  thick, 
tenacious  liquid,  haying  a  yery  pleasant  odour  and  a  bittor  caustic  taste.  Sp.  gr. 
» 1*4  at  7^.  It  is  yery  soluble  in  alcohol  and  ether,  slightly  soluble  in  water,  remains 
liouid  at  —  20^,  and  may  be  distilled  without  decomposition  under  ordinary  atmo- 
spneric  pressure. 

AULT&  AZiOOBOXi  and  VTHSRS*  Linnemann  has  shown  {Deut.  Chem.  Gea. 
Ber.  yiii.  854)  that  allyl  alcohol  treated  with  zinc  and  sulphuric  acid,  either  at  ordinary 
temperatures  or  at  100^,  takes  up  hydrogen,  and  is  converted  into  normal  propyl 
alcohoL  The  allyl  alcohol  used  in  the  experiments  was  ^pared  from  glycerin  and 
oxalie  acid,  hj  Tollens*  method  (lat  Suppl.  90).  It  contained  about  5  per  cent,  pro- 
pyl alcohol,  for  t^e  removal  of  which  it  was  converted  into  the  dibromide,  C'HK)Br', 
which  was  then  reduced  by  zinc  and  water.  The  allyl  alcohol  thus  purified  still  re 
tained  1*6  per  cent,  of  propyl  alcohol ;  but  after  treatment  with  zinc  and  sulphuric 
add  at  100^  it  was  found  to  contain  1 1  per  cent.,  and  after  similar  treatment  at  the 
Gidinaiy  temperature,  34  per  cent,  of  propyl  alcohol.  The  statement  of  ToUens  (Ut 
SmppL  91),  that  allyl  alcohol  is  not  converted  into  P^pyJ  alcohol  by  the  action  of 
nascent  hydrogen  in  acid  solution,  is  thus  disproved.  The  same  transformation  is 
efl^eted,  but  much  more  slowly,  by  the  action  of  nascent  hydrogen  evolved  in  an 
alkaline  solution  from  water  and  sodium-amalgam  (Linnemann). 

No  pseudopropyl  alcohol,  or  acetone,  is  formed  by  the  hydrogenation  of  allyl  alco- 
hol, or  Dj  oxiimtion  of  the  products  of  the  reaction. 

Omstitution  of  AUyl  Alcohol  and  BUhert.—AlM  cyanide,  0*H*.CN,  has  the  con- 
stitution represented  by  the  formula  OH* — OH=(m.ON,  inasmuch  as  it  is  converted 
by  oxidation  into  crotonio  acid,  CH*— OH=CH— OOOH.  On  the  other  hand,  allyl 
iJcohol  is  known  to  have  the  constitutional  formula  OH*=OH — OH*OH.  Hence  it 
follows  that  when  allyl  alcohol  is  converted  into  crotonic  acid  through  the  medium  of 
the  iodide  and  eranide,  a  cbitoge  of  stmcture  must  take  nlace  at  some  stage  of  the 
process,  viz.,  either  in  the  eonveraioD  of  the  alcohol  into  tne  iodide, 'wViidL'vo'uiiiVibttKk 
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ba  not  CH'^^H— CEPI,  but  CH*— CHICHI,  or  in  that  of  ths  iodide  into  tlw 
cjuiide  (2H(i  Suml.  396).  That  the  <;btingu  of  etractore  caoDot  toks  placa  in  tha 
psssttgB  from  aJcoliol  to  iodide  is  Bbuwn  hovover  by  Uie  fact  that  the  all;!  alcohol 
wgoUBratad  from  nlljl  oitftlnte  (propared  witli  the  iodide  obtained  from  pure  Blly! 
aloohol  from  gljcarin),  is  absolutely  identical  vitb  the  alcohol  employed  in  the  pro- 
paration  of  the  oialate.  Fnrther,  it  is  found  that  when  aUyl  alcohol  or  allyl  iodide  la 
oiidiBed  with  nitric  or  chromic  acid,  both  yield  foimic  acid  by  addition  of  oxygen  to 
the  group  0H^  together  with  oxalic  or  carbonic  acid,  but  no  acetic  acid,  whereas 
nllyl  oyanide,  when  aimilatly  treated,  readily  jiolda  acetic  acid,  by  addition  of  2  at, 
oxygen  to  the  group  CH' — CH.  Hence  it  appears  that  the  change  of  ■traatare  take* 
place  in  the  coUTSreion  of  the  iodide  into  the  cyanide  (Eekali  a.  Hinn^  Dati,  Cien. 
Ga.  Ber.  Ti.  386). 

OceiDrmiM  of  Allyl  Aleohot  in  Wood-Spirii. — According  to  Aronhcim  (Deat.  CAnit. 
Get.  Ber.  til,  1381),  the  pungent  emell  of  crude  wood.apirit  ia  due  to  the  preeenco  of 
allyl  alcohoL  the  liquid  fractionally  distilled  and  rectiSed  over  lime  yields  tha 
hydrate  boiling  nt  8B° — 88°  dBBciibod  by  Tollons,  and  from  it  the  anhydrous  alcohol 
lioiling  at  98° — 97°  may  bo  obtained. 

Mtgl  Alcohol  DSiTomide,  (?Q<Br'0.  — In  the  preparation  of  tbia  compound  for  the 
purification  of  allyl  alcohol  as  aboTB  deECribed,  It  was  found  that  tvo  modifications 
were  obtained,  diflbnng  greatly  in  soluhility.  one  diaaolTlag  in  34  timoa  its  bulk  of 
«a(«r  at  IS°,  the  other  In  3  or  4  timM  its  bi^  (Linnemaon). 

CompoiHui  of  AUffl  Alceiol  vnti  Chloral. — These  bodies  unite  in  equal  numbers  of 
molecules,  forming  tha  compoand  CCa'.CH(OH)(OCH'),  which  is  a  Tisdd  liquid, 
colourless  when  fresh,  but  gradually  becoming  coloured  on  oiposnre  to  tha  air.  It 
boils  at  116°.  and  eolidifles  in  a  freezing  mixture  to  needles  melting  at  3D' 3°;  diEaolToa 
slowly  and  with  deoompoaition  in  water;  and  onitoa  with  I  mol.  of  bromine,  forming  a 
syrupy  yellow  liquid,  probably  COI'.CH<^Qj,g.(,2j|f  CH'Br'  ^^'^^  eolidifiea  at  low 
(«mperatures  to  a  vitreous  mass,  and  cannot  be  distilled.  It  is  violently  attacked  by 
pboaphorUB  peotachloridei  and  after  decomposition  of  the  phosphorus  oiychloride  by 
water,  a  colouil ess  liquid  is  obtained,  boiling  with  deoompiMition  at  196°,  agiomng  in 
its  amomit  of  chlorine  with  the  formula  CCl'.CEQ.O.CH',  sud  capable  of  muting 

I with  bromine  (Oglialoro,  Gaes.  chim.  iial.  it.  46S). 

^^H  A  compound  of  allyl  alcohol  with  tthyl  cyanide,  (7H'0N,3O'H*O,  and  a  componnd       ^H 

^^H         of  ailyl  oyaaidt  with  ethyl  alcohol,  CB'CirsCH'O,  ars  described  in  the  2ik(  AtfpJ.      ^M 
^^B         p.  ^M 

^F              Allyl  %a»oo«r4<.««(«.CO<^2'  t*^"  "^'-  ■ 

I                         Allyl  Iodide,  C'fi'l.— ^Tbis  ether  is  but  slowly  acted  on  by  a  dry  coppw-sine  ^H 

couple  at  ordinary  temperatures,  bat  at  100°  the  action  it  moderately  rapid,  ths  ^H 

greater  part  of  tile  iodide  being  split  up  in  such  a  mannuer  aa  to  yield  ziac  iodide  ^H 

and  diallyl :  ^H 

oriiiraT     I     7,.    _    '7..T1    ,    /nsTiavr  ^^ 

I 


i 


aCH'I  +   Zn   =  ZdI'  +   (CH')'. 

About  a  fifth  part  of  the  diallyl  howoTsr  is  dehydro^nised,  b  a  manner  not  clearly 
ondersUiod,  and  at  tbe  same  tune  polymerised,  yielding  a  resinous  subalance  baring 
the  composition  sC'fi'.  No  satiafactory  evidence  of  the  formation  of  linc-allyl  has 
been  obtained,  oven  when  the  reaction  takes  place  in  presence  of  ether. 

In  presence  of  water,  nllyl  iodide  is  oasily  decomposed  by  tho  couple  at  ordinary 
temp*catn»B,  yielding  zinc  iodhydroiido  and  propyleoe; 

C'H'I   +   H'O   +  Zn   =   ZnjJ'^  +  C?H', 

Zinc  alone  bas  little  or  no  action  on  the  iodide  in  presenco  of  water. 

In  presence  of  alcohol  tho  action  of  the  couple  on  allyl  iodide  is  too  Tiolent  h> 
yield  definite  results,  and  even  witJi  ^nc  alone  it  is  neccaaary  to  keep  down  the  tem- 
perature. The  reaction  succeeds  best  with  alcohol  of  sp.  gr.  OSOS,  tho  prodaetc 
being  li DC  iodethoxide  and  propylene: 

C'H>I  +   HOC'H*   +  Zn  =  Zn{^°'^'  +  CH* 
(Gladstone  a.  Tribe,  Chem.  Soo.  J.  [3],  xii.  208). 

Prvduols  obtainid  by  the  action  of  Bypochloroua  and  Sypobromoiu  Ada  an  Allyi' 
deriiiativei. — The  allyl  compounds,  banng  two  of  their  carbon  atoms  doubly  linkud, 
aa  represented  by  the  formula  OH^^rCH — GH'X,  ore  capable  of  taking  up  a  mole- 
cule of  ClOH  or  BrOH,  the  double  Unking  being  thereby  brolien  up  and  a  compound 
Kduoed.  repreBeoted  by  tho  gonerHl  formula  ^^  ^il  HK:— CHl.O'fiV-Ca-'S- 
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To  jjorapare  these  bodies,  the  allyl  alcohol  or  ether  is  ehakeii  np  in  a  stoppered 
flask  with  dilute  hypoehlorons  or  hypobromons  acid  (prepared  l^  the  action  of 
chlorine  or  bromine  on  mercuric  oxide  suspended  in  water),  care  being  taken  to  pr»- 
Tent  too  great  a  rise  of  temperature.  When  no  ftirther  evolution  of  heat  is  observed 
OD  addition  of  a  firesh  portion  of  the  acid,  the  liquid  is  left  to  cool,  shaken  up  with 
ether,  and  left  to  evaporate ;  the  product  of  the  combination  then  remains  behind. 

Mlj/l  JJeokol  and  Hwoekhrous  Acid  unite  to  form  ordinaiy  glyceric  monochlor- 
Iqr^in,  0'H^OH)>a  or  CH*a— CHOH— OH*OH,  a  colourless  limpid  liquid  having 
a&int  smaU  and  taste,  and  easily  soluble  in  water.  Sp.  gr.  » 1*40  at  18^ ;  b.  p.  280^- 
2S6^;  vapour-densitj  4*16 ;  calc.  8*81 ;  (compare  i.  898). 

MM-dM-Mi&r  and  Hypoehlorous  Aoid  yield  glyceric  monochlorethvlin, 
0"!EP(OCP(H*xOH)Cl,  a  colourless  somewhat  thick  liquid  having  a  fhiity  smell  and 
sharp  taste,  sp.gr.  -1*117  at  11^;  b.  p.  ISS'^-ISS^;  vapour  density  -4*8;  calc 
4*7.  It  is  soluble  in  water,  though  less  so  than  monoehlorhydrin,  and  behaves  in 
gensral  like  an  alcohol,  being  converted  by  phosphorus  pentachloride  into 
CTg((X3«BP)Cl«;  by  the  pentabromide  into  (yH*(0(y!H»)€aBr ;  by  acetyl  chloride 
into  0*H»(00*EPXOO*HK))C1 ;  by  strong  nitric  acid  into  (3^0C«H»)(31(NO«) ;  and  by 
alkalis  into  ethyl-^cide,  CPH*(00'H*)0,  a  compound  analogous  in  constitution  to 
epiddorlTdrin,  (?WCiO : 

cra\oo«!H»xoH)a  +  koh  -  kci  +  h»o  +.  c»h\oo«h»)o. 

^pV  JmUsU  and  Hyyooklorou$  Add  unite  to  fbrm  monochloracetin, 
Oll»(C'!B*0*X0H)01,  a  thick  colourless  liquid  having  a  penetrating  smell  and  bitter 
taste.    8p.gr.oi  1*27  at  9° ;  b.  p.  280^ ;  vapour-density  4*87. 

AlMBr(yndd€,CE^=d[M'-'XSS!^,9iAHypochl^ 
hydrin,  OGS^OH^rOl  or  (3HH)H— OHCl— CH>OBr ;  and  the  isomeric  compound, 
GH*OH — OHBr — 0H*C1,  is  obtained  by  the  action  of  hypobromous  acid  on  allyl 
chloride.    (See  OELOBOBBOioniiBiirs.) 

AOjfl  CUondeandBynoohU>r<mAc%djifii6.^di\e\i\^^ 
has  the  constitution  of  ^chlorinated  normal  propyl  alcohol,  GHKJl — CH(3l— €bH)H, 
and  is  accordingly  converted  by  oxidation  with  nitric  acid  into  dichloropropiouic 
aoid,  GHK31--C9aGl— -COOH.  Ordinary  diohlorhydrin,  on  the  other  hand  ^formed 
by  heatingglycerin  withhydrochlorio  acid),  is  converted  by  oxidation  into  oiohlor- 
acetone,  6^\ji — CO — OifCl,  and  must  therefore  have  the  constitution  of  dichlorinated 
pseudopropyl  alcohol,  OHK^— OHOH— OHKill  (L.  Henry,  Dmt,  Chem,  G08,  Ber,  vii. 
757;  J.pr.  Chem.  [2],  x.  186). 

Sboowdabt  axd  Tbbtiabt  Alcohols  coMTAnrxKo  Alltl. — AUyUdimetl^l  earbinol, 
(0'H*)(CH*)'.COH,  is  formed  by  the  action  of  sine  on  a  mixture  of  allyl  iodide  and 
oimethyl  ketone.  It  boils  at  119^,  unites  with  2  at.  bromine,  and  when  treated  with 
acetic  anhydride  yields  an  acetic  ether  boiling  at  186°. 

Jfs^%{^ta%/Cbr^'n<)/,CH*((^*H*)*(X)H, formed  1>y  the  action  of  sine  on  amixture 
of  allyl  iodide  and  acetic  ether ;  boils  at  168*4°  (corr.),  unites  with  4  at.  bromine,  and 
when  treated  with  acetic  anhydride,  yields  an  acetic  ether  boiling  at  177*8°  (corr.) 
(A.  Saytsefl^  Deut.  Chem,  Qee,  Ber,  ix.  83). 

IHallvl  Carhmol,  (0*H')'.GHOH,  is  formed  by  the  action  of  sine  on  a  mixture  of 
allyl  iodide  and  ethyl  formate  (M.  Saytsefi^  IMn^e  Annalen,  olxxix.  839). 

A  mixture  of  allyl  iodide,  ethyl  iodide,  and  ethyl  formate,  treated  with  sine,  also 
yields,*notethyl-allyl  carbinol  as  might  be  expected,  but  diallyl  carbinol  (Eanonnikoff 
a.  A.  SaytMff,  ilrid.  388). 

AULTXdkOaTZO  JLOIB,  C^OTI^p*  =  CH»=:OH— CH*— (3H»— COOH.  The 
formation  of  ti^e  ethylio  ether  of  this  acid  by  the  action  of  sodium  hydrate  on  ethylic 
^yl  acetacetate,  has  been  already  explained  (p.  14).  This  ether  boils  at  142°-144°, 
and  when  boiled  with  potash  yields  allylacetic  acid,  as  an  oil  which  floats  on  water, 
and  boils  at  182°.  Ita  potassium  salt  crystallises  in  easily  soluble  scales  ;  the  calcium 
salt  in  laminsB  having  the  composition  (CH'O'^KJa  +  2HH).  By  oxidation  with 
chromic  add  it  yields  succinic  and  formic  acids,  C»H«0«  +  0*=C*H«0*+CH«0» 
(F.  Zeidler,  Beui,  Chem,  Ges,  Ber,  viii.  1035). 

AZAT&jBJ«ZMaS.  1.  Ethylallylamine,  C^H^'N  »  (G>H>XO"H>)NH 
(A.  Rinne,  lAdig's  Annalen,  clxviii.  261). — This  base,  isomeric  with  piperidine,  is 
prepared  1^  the  action  of  ethyl  iodide  on  allylamine.  The  mixture  of  the  two  sub- 
stances in  equal  numbers  of  molecules,  which  soou  becomes  hot,  is  enclosed  in  a  well- 
eooled  sealed  tube,  left  to  itself  for  a  while,  and  then  heated  for  a  short  time  in  the 
water-bath.  The  aqueous  solution  of  the  product  is  then  distilled  with  potash-ley, 
the  base  received  in  hvdrochloric  acid,  and  the  solution  of  the  hydrochloride  evaporated 
to  dryness.  On  heating  the  dry  residue  over  the  water-bath  with  solid  potassium 
^ydrate^  a  strongly  all^ine  liguid  passes  over,  consisting  of  unaltered  allylaminea 
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etbTlallTlaimne,  and  a  small  qiiantit|r  of  diethylamme,  from  which,  after  dehydzation 
▼ith  solid  potash,  the  ethylidljlamme,  which  boils  at  84°,  is  easily  sepuated  as  « 
colourless  liquid  havinff  a  strong  ammoniaoal  odour  and  miscible  in  all  proportions 
with  water.  EthylaUylamine  iffdroohlaride,  C*H"N.HC1,  OTstallises  in  small  colour- 
less plates,  yeiy  soluble  in  water,  and  deliauescing  on  exposure  to  the  air ;  less  soluble 
in  alcohol!  On  mixing  its  solution  with  excess  of  piatinic  chloride^  eyaporating, 
washing  with  a  mixture  of  alcohol  and  ether,  and  crystallising  from  alcohol,  the 
jMinoekhndet  2^H"NJ9Cl.).PtGl^,  is  obtained  in  beautiful  red  monodude  prisms. 
The  iuiphate,  2C*H"N.H'S0\  is  extremely  soluble  in  water,  but  does  not  dissolve  in 
alcohol  or  in  ether.  After  evaporation  of  the  solution  over  sulphuric  add,  it  fosms  a 
mass  consisting  of  small  tabulur  crystals. 

Dietkylallylafnine,  O^^JS  «  (G*H*)^C*H>)N,  is  formed  in  somewhat  con- 
siderable  quantity  in  the  action  of  allylamine  and  ethyl  iodide  in  equal  numbers  of 
molecules,  and  remains  for  the  most  part  in  the  distillation-vessel  when  the  mixture  of 
bases  is  evaporated  over  the  water-bath.  On  adding  water  to  the  residue,  the  diethyl- 
allylamine  rises  to  the  sur&ce  as  an  oil,  and  passes  over  with  the  first  portions  of 
water-vapour  when  the  liquid  is  distilled  over  an  open  flame.  It  maj  be  oehydrated 
with  solid  potash,  and  separated  from  a  small  quantity  of  ethyl-allylaimne  by  fractional 
distillation. 

Diethylallylamine  is  a  colourless  txansparent  liquid  boiling  between  10(P  and  108^. 
It  dissolves  in  about  twenty  times  its  own  volume  of  water,  and  the  solution  exhibits 
in  a  high  degree  the  property — observed  also  in  other  bases,  especially  conine— of 
acquiring,  on  slijg^ht  rise  of  temperature,  a  milky  turbidity,  due  to  the  separation  of  a 
portion  of  the  dusolved  base.  lHethyl<Ulj/lamine  kf/dronMaride,  CH^N.HCl,  sepaxatas, 
on  evaporating  its  solution  over  sul^turic  acid,  in  small  colourless  crystals,  very  soluble 
in  water.  The  plaiinochhridet  (Cm»NJSCl}*.RGl«,  forms  small  reddish  crystals, 
not  very  wdl  d^ned. 

Diethylallylamine  is  isomeric  with  ethylpiperidine  (iv.  657),  frxmi  which  it  is 
distinguished,  in  the  same  w^  as  ethylallylamine  from  piperidine,  by  boiling  at  a 
temperature  about  25°  lower  (luxme). 

AUbTUnra,  G"H^    Of  this  faydroearbon  there  are  two  modifieationsi  a  and  fi- 

a-AUylene,  CH' — C=CH,  is  formed  by  the  action  of  alcoholic  potash  on  mono-, 
chloro-,  or  monobromopropylene : 

CH»— CC1=CH«  -  CIH  =  OH"— C^CH; 

also  by  heating  acetonic  chloride,  CH* — 001* — OH",  with  sodium,  and  by  other  processes 
already  mentioned  {Ist  Bujppl,  95).  This  is  the  modification  wbich  predpitates  copper 
and  silver  solutions.  It  is  readily  dissolved  by  strong  sulphuric  add,  forming 
allylenesulphonic  acid,  G'H'.80*H,  whidi  yidds  a  well-crystallised  barium  salt 
not  decomposed  by  water.  The  aqueous  solution  of  this  add,  when  heated,  yidds  a 
distillate  containing  mesitylene,  0*H'*,  a  polymeride  of  allylene  (A.  Schroke,  Deut, 
Chtm,  Gea.  Ber.  viii.  17). 

/3-Allylene  or  Allene,  OH'=0=:OH',  is  formed  by  dectrolysis  of  itaoonic 
add,  being  given  off,  together  with  carbon  dioxide,  at  the  pontive  pole,  while  hydrogen 
escapes  at  Uie  negative  pde : — 

CO«H— CH«— 0— CH«— 00«H  =  CH»=C=:CH«  +  2C0«  +  H«; 

Itaoonio  acicL 

also  by  the  action  of  sodium  on  dichloroglycide,  O'HK/l*  (from  symmetrical 
trichlorhydrin) : 

CHKJl— CHa— CHK51  -Ha  -  CH»=Ca— CHK51. 
^rmmetrical  trtchlorhydrin.  Dlchloroi^iyoide. 

CH*=CC1— CH«C1  +  Na«  =  2NaCl  +  CH«=C=iOH». 

IMohlorog^ycide.  Allene. 

This  modification  does  notpredpitate  copper  and  silver  solutions.  With  bromine  it 
forms  a  tetrabromide,  OHXBr — OBr* — OM'Br,  which  crystallises  in  lamiiue. 

AUene  dichloride,  CEPCl — 0 — OH'Ol,  is  formed  when  symmetrical  dichlorhydrin  is 

added  by  drops  to  phosphoric  anhydride  contained  in  a  retort ;  and  passes  over, 
together  witii  unaltwed  dichlorhydrin,  on  cautioudy  distilling  the  product ; 

CHKa— OH(OH)— OH«Cl  -  HK)  -  CH«01— 0— CH«OL 

JtiaaUquid  having  a  sp.gr.  of  I '283  at  17*5^  distilling  at  109°,  burning  with  a 
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laMit  bat  nnokj  flame  tinged  with  green ;  insoluble  in  water,  but  miscible  with  alcohol 
and  ether.  Itunitea  with  2  atoms  of  chlorinei  forming  allene  tetrachloride, 
CHK^—GGl^-'OHKIl,  a  colourleee  liquid  having  a  sp.  gr.  of  1*603  at  17^*  a  fongent 
tupentine-like  odour  and  a  burning  taste ;  al«>  with  2  at.  bromine,  formmg  the 
dichlorodibromide,  GHK31— G^ — CH'CQ,  a  colourless,  somewhat  viscid  liquid 
ot  sp,  gt.  2*088  at  17'6^  boiling  at  212^,  and  resembling  the  tetrachloride  in  taste 
and  smeU.  The  dichloride  or  its  solution  in  bensene  is  decomposed  by  sodium,  yielding 
free  allene;  and  on  passing  this  gas  into  bromine,  the  tetrabromideis  ibnned, 
CFK*Br*,  which  crystallises  in  leafleto  melting  at  196^  (Hartenstein,  j;  pr,  Chmn.  [2], 
TxL96). 

Pinner  a.  KrSmer  (J!^t06^#  Annaien,  dviii.  87)  described  a  dichlorallylene,  CHHTl*, 
said  to  be  obtained  by  the  action  of  alkalis  on  '  crotonic  chloral,'  C^H'Cl'O,  and  Uus 
dichlorallylene  was  rarther  said  by  Pinner  {DmU.  Chrnn,  Qe$,  Ber,  yiii.  902)  to  yield, 
when  treated  with  sodium,  a  hydrocarbon,  CH*,  which  he  called  frofoir^yUM ;  but 
subsequent  experiments  have  s£tf>wn  that  this  hydrocarbon  really  consists  of  CH^ 
(one  of  the  modifications  of  allylene),  and  consequently  that  the  supposed  crotonic 
ehbral  is  really  butyric  chloral,  C^H*G1'0  (Pinner,  t6ti.  1661).    Compare  p.  60. 

A&OXV  (Tilden,  Vharm,  J,  7Van«.  [3],  vi  208;  Ckem,  8oe.  Jour.  [2],  ziii. 
1370).  Four  varieties  of  this  substance  have  been  distinguished,  vis. :  1.  Banakm, 
disoovered  by  T.  and  H.  Smith,  and  analysed  by  Stenhouse  in  1861.  2.  Socalam, 
isolated  from  socotrine  aloes  by  T.  B.  Groves,  in  1866.  3.  NatakHn,  discovered  by 
Fluddger  in  1871.  4.  Zanalamt  prepared  by  Histed  from  a  variety  of  socotrine 
aloes,  imported  by  way  of  Zansibar,  analysed  by  Fliickiger  in  1871 ;  in  all  proba- 
bility identical  with  socaloin.  (For  the  description  of  JSarbaloSn  and  Nataloin,  see 
i.  148  ;  1st  Supj^,  99 ;  2nd  Suppl,  62). 

Zanaloin  is  prepared  by  making  up  the  coarsely  powdered  aloes  into  a  paste 
with  proof  spirit,  macerating  for  a  few  hours,  and  then  gradually  expressing  the 
liquid  from  the  mass.  The  vellow  cake  which  remains  is  purified  by  crystallisation 
mm.  water,  and  afterwards  from  rectified  spirit. 

Zkmaloin  dried  by  exposure  to  the  air  at  the  ordinarv  summer  temperature 
retains  a  quantity  of  water  of  ciystallisation  vairing  acooroing  to  the  state  of  the 
atmosphere.  In  a  vacuum  over  sulphuric  acid,  it  lost  in  two  experiments  14*06  and 
13*9  per  cent  water;  at  116^-120^,  the  loss  was  somewhat  greater,  viz.  14*46  to 
16*96  per  cent.  After  diving  in  a  vacuum,  it  gave,  by  three  concordant  analyses, 
69*49  per  cent,  carbon,  and  6*80  hydrogen,  agreeing  with  the  formula  G^H'*0'. 

BromoMonaUnnf  G"H^*Br*0',  is  easily  obtained  by  pouring  an  aqueous  solution  of 
the  aloin  into  excess  of  bromine  water.  A  vellow  precipitate  is  uien  thrown  down 
which  .crystallises  from  spirit  of  wine.  In  this  case,  as  also  in  the  preparation  <ji  the 
corresponding  compound  from  barbaloi'n,  it  is  essential  to  the  production  of  a  pure 
compound  to  proceed  in  the  manner  indicated,  as  when  the  operation  is  reversed,  the 
bromine  being  introduced  into  the  alom  solution,  a  mixture  of  brominated  compounds 
is  thrown  down,  containinj^  a  smaller  proportion  of  bromine,  and  these  bodies  cannot 
be  separated  by  reerystallisation. 

CMarosatudifm,  G*'H*K!71'0\  is  obtained  by  the  action  of  hydrochloric  add  and 
potassic  chlorate.  The  scaly  crystals  are  bright  yellow,  and  lustrous,  and  closely 
resemble  those  of  chlorobarbalom.  They  contain  about  14  per  cent,  of  water  of 
crystallisation. 

Jeeiyl-ganaUntt,  G'*H**(0*H*0)*0*,  is  a  pale  yellowish  amorphous  compound,  pre- 
pared by  boiling  the  aloin  with  acetic  anhydride,  diluting  the  liquid  with  alconol, 
and  then  pouring  it  into  water. 

AcetyJrharhaUnnt  prepared  in  the  same  way,  is  a  yellowish-white  curdy  substance. 

The  following  is  a  comparison  of  the  analytical  results  obtained  by  different  ex- 
perimenters with  the  aloms  of  Barbadoes  and  Zanzibar  aloes : — 


Barbaloin 

(dried  in  a  vacuum). 

Sfeonhorae  (flwon). 

G  H 

69-31       6-88 

Zanaloin 

(dried  in  a  vacuum). 

Stflnhonsd  (iimok). 

0  H 

69*49      6*80 

nuddger. 
69*2        6-9 


BfWiUhBarhoUnn. 

StenhouM  {mean), 

G       H       Br 

86*48  2*78  41*97 

BromMandUnn» 

TQdflo, 

C       H      Br 

84*06  2*66  4806 


ChlorobofhaUnn, 

Tilden. 

G       H       Gl 

46*17   3*70  2613 

CkhroscMoUnn. 

Tilden. 
0       H        Gl 
—      —    26*04 


Acetyl-barbaUnn. 
TfldA. 

G         H 
68*63    6*41 

Aceiyl-ganaUrin. 

(mean). 

Tilden. 

G        H 

68*84    6-88 
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10  mols.  water  at  120°,  leaving  5  mols.,  4  of  which  are  given  oflT  at  180°  and  half 
the  remainder  at  280°,  the  snccessiye  residues  having  therefore  the  following 
formnle : — 

At  120° K*{Al*yH80*y  +   6H«0 

„  180° K^AI'WSO*)*  +     EK> 

.,  280° 2K'(A1«)'«(80«)«  +     HH) 

The  determination  relating  to  the  loss  of  water  in  this  salt  at  180°  has  lately  been 
confirmed  by  8.  Lupton  (Chem.  8oc.  Jour.  [2],  xiii.  201),  whose  method  of  observa- 
tion consists  in  heating  the  finely  pulvensed  salt  in  a  current  of  dr^  air  at  known 
temperatures.  By  the  same  method  Lupton  finds  that  ammonium-aluminium 
alum,  (NH*)*A1*(S0«)*  +  24H*0,  heated  to  190°,  and  ammonium-iron  alum, 
(NB.*yFe*{80*f  +  24HK),  heated  to  150°,  give  off  23  mols.  water,  leaving  residues 
containing  1  mol.  H^O.  Moreover,  Heints  found  that  a  solution  of  the  last-mentioned 
salt,  miz^  with  excess  of  sulphuric  acid  and  evaporated  over  the  water-bath,  deposited 
crystalline  crusts  containing  SH'O,  and  on  farther  concentration,  a  white  powder 
containing  1  moL  H'O  {Poga,  Ann,  iv.  331). 

It  appears  then  that  the  following  compounds  have  been  obtained  by  partial 
dehydration  of  the  corresponding  alums : 


(sn*yAi\so*yjspo 


(NH*)«FeXSO*)«.HK) 


K«Fe«(80«)«.HK) 
K«FeX80*)«.8H«0 


K«A1«(S0*)«.H«0 

K«A1«(S0«)«.3BP0 

K«A1«(80«)«.6HH) 

All  these  foimulse  contain  uneven  numbers  of  water-molecules,  and  cannot  there- 
fore be  halved.  The  anhydrous  alum  contained  in  them  must,  therefore,  be  repre- 
sented— in  the  case  of  common  potassium  alum,  for  example — either  by  2KA1(S0*)'  or 
br  K'Al^SO^)*.  Now  Lupton  nas  shown  by  direct  experiment,  that  the  ammomum- 
alums  may  be  heated,  without  loss  of  ammonia,  to  temperatures  at  whidi  ammonium 
sulphate  in  the  separate  state  suffers  decomposition.  Hence  it  appears  most  probable 
that  the  residue,  (KH*)'A1^S0^)*,  is  unaffected  by  the  process  of  dehydration,  and 
exists  equally  in  combination  with  1,  3,  or  6  molecules  or  water  in  the  partially  de- 
hydrated salts,  and  with  24  molecules  in  the  ordinary  alums.  This  being  admitted, 
it  follows  that  aluminium  chromium  and  iron  must  be  tetratromic,  and  therefore 
that  the  molecules  of  the  potassium-alums  must  also  contain  the  double  atoms 
(Al'J'*,  &c. 

On  the  decomposition  of  alums  in  solution,  see  also  2nd  Suppl,  pp.  296-804 ; 
also  p.  1071. 

Foiasno-alummic  Alum,  OrystaUisation. — ^A.  Stiassny  (Dingl,  pol,  J,  ciL  191) 
observed  that  a  very  weak  solution  of  common  alum,  to  which  a  small  quantity  of 
potassium  carbonate  had  been  added,  deposited  the  alum,  after  six  weeks  standing,  in 
small  defined  rhombic  dodecahedrons.  As  cubic  alum  is  also  formed  from  common  uum 
by  addition  of  caustic  potash  or  its  carbonate,  Stiassny  is  of  opinion  that  the  form  above 
mentioned  results  from  the  deposition  of  ordinary  octohedral  slum  crystaLs  on  the 
sides  of  the  cubes  formed  in  the  first  instance,  so  that  these  octohedrons  are  placed 
diametrically  to  those  in  the  normal  position.  Alum  is  susceptible  of  pseu^mor- 
phosis.  Iron-alum  and  chrome-alum  are  likewise  capable  of  Arming  dodecahedral 
ciystals,  though  not  so  distinct  as  those  obtained  from  common  alum. 

Jkcampontion  by  Heat. — Hydrated  potash-alum  heated  to  100°  in  sealed  tubes 
undergoes  gradual  decomposition  with  separation  of  a  solid  body.  'Hie  alum  when 
first  melted  at  100°  appears  to  consist  of  the  compound  K'A1*(S0*)^24HK),  fused  as 
an  entire  molecule,  ana  not  of  a  solution  of  anhydrous  or  less  hydrated  alum,  in  water 
previously  existing  as  water  of  crystallisation,  inasmuch  as  direct  eneriment  shows 
that  crystallised  alum  fused  at  100°  is  incapable  of  dissolving  dehytuated  alum  (A. 
Naumann,  Jahresb.f,  Chem,  1872,  241). 

When  a  solution  of  potash  alum  is  heated  to  the  boiling  point  of  water,  a  white 
precipitate  is  formed,  which,  after  washing  with  water,  is  an  amorphous  powder,  with 
an  aamixture  of  glittering  laminae,  and  dissolves  with  difficulty  in  strong  hydrochloric 
acid,  but  easily  in  potash.  The  precipitate  contains  31*2 — 32-6  per  cent,  of  alumina, 
about  1 1  per  cent,  of  potash,  30-40  per  cent,  of  sulphuric  acid  and  water,  and  is  there- 
fore a  more  or  less  basic  compound  of  alumina,  potash,  and  sulphuric  add,  with  water. 

The  rate  of  decomposition  of  alum  solutions  varies  accordingly  as  they  are  heat^Ml 
alone  or  after  addition  of  sulphuric  acid  or  potassium  sulphate.  With  pure  alum 
solutions  the  decomposi^ion  is  most  rapid  at  first,  gradually  becoming  less  for  equal 
intervals  of  time,  so  that  a  state  of  equilibrium  in  the  liquid  is  reached  only  after  a 
very  long  time.  Dilution  of  the  solutions  favours  decomposition.  Free  sulphuric 
acid,  added  to  alum  solutions,  prevents  the  decomposition,  partially  or  entirely,  ae- 
eordJDg  to  the  amount  added.    Neutral  potassium  sulphate^  on  tK<ft  coutcazy^  ez^^it^s 
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the  deeomposition  (Kaumann,  Deut,  Chem.  Oet.  Ber,  Tiii.  1680;  see  farther,  ibid.  x. 
4«6 ;  Ckem.  Soe,  J,  1877,  ii  166). 

JkteeHon  and  ElBtimation  of  Alum  in  Flour  and  Broad. — ^Aeoording  to  R.  J. 
Mo&t  {Amer,  Chemist  [2],  i.  365),  the  best  reagent  for  detecting  alum  in  flour  and 
bread  is  an  alcoholic  extract  of  Brazil  wood,  prepared  by  digesting  120  grains  of  the 
wood  with  8  ounces  of  methyl  alcohol  for  18  hours,  and  then  filtering.  This  liquid  is 
coloured  pale  yellow  or  straw  yellow  by  bread  free  from  alum,  whereas  if  alum  is 
present,  the  colour  becomes  duk  red.  See  also  Dayis  (Chem,  Newt,  xzr.  207); 
^rsley  {iirid.  230). 

In  the  process  given  in  this  Dictionary  (i.  660)  for  the  quantitative  estimation  of 
ahim  in  bnad,  it  is  recommended  that,  after  digesting  the  charred  bread  in  strong 
hydzoehloric  add,  and  separating  the  silica  from  the  extract  in  the  usual  way,  the 
acid  filtrate  be  nearly  neutralised  with  sodium  carbonate,  and  treated  with  excess  of 
alcoholic  potash,  which  will  precipitate  the  phosphates  of  calcium  and  magnesium, 
together  with  a  trace  of  iron  phosphate,  and  Iftave  aluminium  phosphate  in  solution. 
It  is  found  however  that  the  separation  thus  effected  is  very  imperfect,  for  the 
oaldum  phosphate  forms  a  kind  of  jellv,  which  retains  aluminium  phosphate  so 
ohrtinateiy  that  even  boiling  potash  or  soda  cannot  dissolve  out  more  thiui  a  relatively 
small  portion  of  it.  A  better  mode  of  separation  is  that  of  A.  Dupri  (Chem,  New$, 
xziz.  233 ;  Chem,  8oc.  J,  [2],  xii.  916),  which  consists  in  dissolving  out  the  caldum 
and  magnesium  phosphates  by  means  of  acetic  acid,  the  aluminium  phosphate, 
together  with  a  trace  of  iron  phosphate,  then  remaining  undissolved.  100  gnus,  of 
the  bread  (crumb  only)  are  indnerated  in  a  platinum  dish.  The  ash  is  fusied  with 
three  times  its  weight  of  pure  sodium  carbonate,  or  a  mixture  of  potassium  and 
•odium  carbonates  in  equal  proportions.  The  fosed  mass  dissolved  in  hjrdrochlorie 
add  is  evaporated  to  dryness,  the  residue  re-dissolved  in  acid,  and  the  si&ca  filtered 
off  To  the  filtrate  ammonia  is  added  to  slight  precipitation.  The  precipitate  is 
rendissolved  by  about  dx  drops  of  strong  hydrochloric  acid.  A  slight  excess  of  am- 
monium acetate  is  now  added,  and  the  mixture  set  adde  over-ni^ht.  The  precipitate 
fonned  is  filtered  oil^  washed,  and  re-dissolved  in  hydrochloric  acid,  the  sointion 
boiled  for  a  few  minutes  with  a  little  sodium  bisulphate,  excess  of  sodium  hydrate  is 
added,  and  the  boiling  continued  for  a  few  minutes.  The  precipitate,  chiefly  magnetic 
oxide  of  iron,  is  filtend  off,  the  filtrate  feebly  acidified  with  hydrochloric  scid,  and 
ammonium  acetate  added  in  slight  excess.  After  standing  all  night,  the  precipitate, 
now  ccmsisting  of  pure  aluminium  phosphate,  is  collected  on  a  fit^,  wasbed,  dried, 
ignited,  and  weighed.  Its  weight  in  grains,  multiplied  by  642,  gives  the  number  of 
grains  of  alum  corresponding  with  the  amount  of  alumina  in  2  lbs.  of  the  bread. 
Inffti^  of  separating  the  iron  as  above,  the  two  phosphates  may  be  re-predpitated  a 
second  time  with  ammonium  acetate,  and  weighed  toother  The  iron  in  the  predpi- 
tate  is  estimated  by  a  standaid  bichromate  solution.  The  amount  of  phosphate 
coiTssponding  therewith,  deducted  from  the  total,  gives  the  amount  of  aluminium 
phosphate.  T¥hen  a  laige  proportion  of  magnesium  phosphate  is  present  in  solution, 
slight  traces  of  it  are  always  carried  down,  even  if  in  the  cold.  To  remove  this  im- 
purity, the  first  precipitate  is  to  be  dissolved  and  re-predpitated  as  directed.  If  the 
precipitation  takes  place  at  the  boiling  heat,  both  magnesium  and  calcium  phosphates 
are  mrtiiJly  predpitated. 

For  fVirther  details  and  modifications  of  this  process,  see  Wanklyn  (Chem,  Newt, 
xxxi.66). 

A  method  depending  on  the  solubility  of  aluminium  phosphate  in  caustic  alkalis 
is  described  by  J.  C.  Thresh  (Pharm.  J.  Ihtm.  [3],  v.  885 ;  Chem,  Soe.  J.  1876, 
i.  109). 

Alum  from  the  SoJfatara  waters  of  Puzeuolu—Thwe  waters  jiM  by  spontaneous 
evaporation  (goinff  on  for  a  year)  an  alum  crystallised  in  octohedrons  of  sp.  gr..  1'774 
at  17^,  and  exhibiting  the  following  composition : — 

SO*      A1*0»  (Nn»)«0    FeO     Pto*0»     OaO      MgO      KH)       HH)        X« 
36'74    6*70     10-82    0*97     MO    065    0*30    017    40*98     1-57  =  100. 

•  Na*0,  Mn  and  loai. 

It  is  therefore  essentially  an  ammonio-aluminic  sulphate. 

The  mother-liquor  contained  the  same  substances,  together  with  a  large  quantity 
of  nlica,  a  little  organic  matter,  and  traces  of  chlorine  (S.  de  Luca,  Compt.  rend, 
bodv.  128). 

O^rillary  AUmfrom  South  Africa. — ^To  a  capillary  alum  from  the  Bosjemui  River 
H.  Lodwig  (Areh.  Phmnm.  [21,  dxiiL  27)  assigns,  from  analyses  by  himself,  0.  Kanoldt^ 
A.  Btjesv  Aod  Buigmeietor,  we  complex  formnla : 
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[(NH*)*SO*.MnSO*  +   6H«0]   +   [(NH<)«0*.AWSO«)"  +   24HK)1 
+  [MiiSO\Al^iSO*)«  +  24H«0.] 

to  which  correspond  the  yalnes  giren  under  B,  those  found  by  analysis  being  giTen 
under  A : 

NBP       MnO       A1"0»  80»  H^) 

A.  (found).     1007     7*442     10*470     35*900     46-908-101*812. 

B.  (calc.)       0-992     7*251     10519    36*016    46*222-100 

With  traooB  of  Ye,  GaO,  and  HgO. 

Chrome  Alum. — ^In  preparing  this  salt  from  a  mixture  of  potassium  dichromate 
and  sulphuric  acid,  the  reduction  of  the  chromic  acid  may  be  conyeniently  effected  hj 
oxalic  acid,  as  there  is  then  no  occasion  to  add  an  excess  of  the  reagent,  the  reaetiQii 
being  completed  when  the  eyolution  of  carbonic  acid  ceases,  and  moreover  the  neeesaty 
of  heating  the  mixture  is  avoided,  which  often  gives  rise  to  the  formation  of  a  green 
uncrystallisable  solution.    The  reaction  takes  place  according  to  the  equation : 

K«CrK)»  +  8H«C»0^+  4H«0«  -  K«Or«S*0»«  +  6C0«  +  7HH). 

29*5  parts  of  the  dichromate  are  dissolved  in  39  parts  of  strong  sulphuric  aoid,  and 
the  requisite  quantity  of  water,  and  after  cooling,  88  parts  of  ciystamsed  oxalic  acid 
are  added  by  small  portions  (Lielegg,  Dingl.  poL  J,  ocvii.  321). 

Modifications. — ^The  changes  of  this  salt  from  the  green  to  the  violet  modifieatioa 
and  the  contrary  have  been  studied  hy  Cbrnez  (Compt,  rend.  Ixxix.  1332),  and  Leooq 
de  Boisbaudran  (ibid.  1491).  G^mes  finds  that  even  the  most  concentrated  s^ntions 
of  the  green  salt,  if  sealed  up  in  tubes  while  boiling,  preserve  their  green  colour  and 
deposit  no  crystals  even  after  several  months.  When  such  solutions  are  evaporated 
without  contact  of  any  alum  crystal,  they  leave  a  residue  of  green  transparent  solid 
matter,  which  may  be  kept  indefinitely  without  change.  If,  however,  a  green 
saturated  solution,  whether  recently  prepared  or  long  preserved  in  the  sealed  tubes, 
be  touched  with  a  crystal  of  any  adum  whatever,  an  immediate  deposit  of  violet 
octohedral  crystals  takes  place,  and  the  crystallisation  proceeds  slowly  till  the  whole 
of  the  liquid  is  transfbrmoii  into  the  violet  modification.  Contact  of  crystals  of  salts 
other  than  alums,  potassium  sulphate  for  example,  does  not  induce  crystallisation  in 
the  green  solutions. 

According  to  Lecoq  de  Boisbaudran,  blue  solutions  of  chrome  alum  recently  pre- 
pared in  the  cold  gradually  acquire  a  greener  tint,  and  green  solutions  recently  pre- 
pared by  boiling  dowly  become  blue.  Whether  the  liquids  be  dilute  or  concentrated, 
m  open  vessels  or  in  closed  vessels,  in  contact  with  crystals  or  not,  they  slowly 
approximate  to  the  same  colour.  The  progress  of  the  action  may  be  measured  by 
the  changes  of  volume  accompanying  these  molecular  transformations.  The  mode  of 
experimenting  is  to  place  in  an  apparatus  resembling  a  large  thermometer  one  portion 
of  a  solution  prepared  in  the  cold,  and  in  another  similar  apparatus  some  of  the  same 
solution  which  has  been  boiled ;  the  two  vessels  are  placed  successively  in  baths  at 
150  and  30^,  in  order  to  graduate  their  stems,  and  are  then  allowed  to  assume  the 
ordinary  temperature.  At  the  end  of  some  hours,  the  blue  liquid  is  found  to  have 
dilated,  while  the  green  solution  has  contracted.  The  curve  which  represents  the 
expansion  of  the  blue  liquid  shows  that  the  action  rapidly  falls  off  in  intensity  and 
becomes  gradually  slower.  Two  such  portions  of  a  solution  were  found  not  to  have 
acquired  precisely  the  same  tint  even  after  the  lapse  of  eight  years. 

It  does  not  appear  possible  to  prepare  an  alum  containing  chromic  instead  of 
sulphuric  acid.  £.  Fleischer  {Arch.  Pharm,  [3],  ii.  300)  endeavoured  to  prepare  such 
an  alum ;  first,  by  the  action  of  barium  chromate  upon  common  slum  ;  secondly,  by 
means  of  calcium  chromate ;  thirdly,  by  direct  combination  of  aluminium  chromate 
with  potassium  monochromate.  All  these  attempts  failed,  in  the  last  case  because 
potsssium  monochromate  decomposes  neutral  alununium  chromate,  forming  potassium 
bichromate  and  basic  aluminium  chromate ;  and,  in  the  first  two  cases,  because  the 
action  is  very  slow,  and  alumina  is  precipitated  as  chromate. 

A  further  reason  why  such  an  alum  cannot  be  formed  is  that  chromic  acid,  like 
vanadic,  tungstic,  molybdic,  and  titanic  acids,  forms  for  the  most  part  anhydrous 
salts,  with  which  it  will  readily  combine,  giving  rise  not  only  to  double,  but  also  to 
multiple  acid  anhydrous  salts. 

8el$nie  Alumi.—O.  Petersson  has  examined  the  alumino-selenic  alums  of 
potassium,  sodium,  and  ammonium,  and  the  chromio-selenic  alums  of  potassium  and 
ammonium.  The  potassium  and  ammonium  salts  of  both  groups  crystallise  easily ; 
aodio-aluminie  selenate  less  easily,  on  account  of  its  greater  solubility.  Attempts  to 
prepare  sodio-chromie  selenate  and  the  ferrico-selenic  alums  were  unsuccessful 
{ikut,  Chem,  Chs.  B0r,  tL  1466). 
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JLLiUMTTMt  or  AXiVK-BTOn  (A.  y.  Lasaulx,  Jahrbuchf,  MinetalogUt  1874, 
142).  This  minerftl  has  hitherto  been  found  mostly  associated  with  trachytic  rocks 
or  breccias  in  soch  a  manner  as  to  indicate  its  formation  by  yolcanic  exhalations. 
The  oldest  known  alnnites,  namely,  those  of  Piombino  and  La  Tolfa,  near  Ciyita 
Vecchia,  are  yery  intimately  mixed  with  trachitic  tn&s  and  pumice-conglomerates, 
into  which  they  directly  pass.  Similar  is  the  mode  of  occurrence  of  the  alunites  of 
Aegina,  of  Bereghn&sz,  Tokay,  and  Musaj  in  Hungaiy,  andofMontDore  in  Auyergne. 
In  all  these  cases  the  transformation  of  the  trachytes  has  been  produced  by  exhala- 
tions of  Bulphydric  acid  mixed  with  sulphurous  or  sulphuric  add.  In  the  Hungarian 
alunites,  according  to  r.  Bichthofen,  the  process  has  been  commenced  by  exhaUtions 
of  hydrofluoric  acid,  and  the  silicofluorides  thereby  produced  haye  been  conyerted 
into  sulphates  by  aqueous  yapours  containing  sulphuric  add.  Somewhat  different 
relationfl  must  haye  existed  when  the  original  rock  was  not  trachyte,  but  impure 
sandstone,  as  appears  to  haye  been  the  case  with  the  alum-stone  of  ^wa  Tjiwidai  in 
Jaya,  and  with  that  of  Musi\j  in  Hungaiy.  In  these  cases  the  transformation  has 
probably  been  effected  by  sulphurous  add  during  a  period  of  yolcanic  actiyity. 

Another  mode  of  formation  is  exhibited  by  an  alunite  from  a  recently  opened 
deposit  near  the  yillage  of  Breuil,  west  of  Issoire  in  Auyergne.  This  alunite  is  white, 
ymried  here  and  there  with  pale  red,  earthy,  loose,  and  friable  throughout,  and  adheres 
yeiy  strongly  to  the  tongue.  Under  the  microscope  it  exhibits  Uie  appearance  of 
small  roundish  granules  without  crystalline  structure.  Quarts  in  granules  and 
splinters  is  sparingly  disseminated  through  the  mass ;  the  substance  giyes  off  water 
when  heated  in  a  tube,  and  emits  an  odour  of  sulphurous  acid  eyen  when  yery 
slightly  heated.  When  ignited  with  cobalt-solution  it  acquires  a  fine  blue  colour. 
Sp.gr.s  2*601. 

The  eomj^sition  of  this  alunite  is  shown  in  analysis  I,  by  Truchot.  II  shows 
the  composition  of  the  pure  alunite  after  deduction  of  the  silica,  which  must 
be  regarded  as  an  impurity.  Ill  and  IV  are  analyses  of  alunite  from  Pic  de  Sanqy  in 
Auyergne.  Ill  is  by  Cordier,  after  deduction  of  28*4  per  cent,  silica  and  1*44  ferric 
oxide.  IV  is  by  GautieT'Laerose  {Jahfbuckt  1864,  728),  after  deduction  of  35*2  per 
oent^  silica,  ferric  oxide,  and  sulphur : — 
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The  last  two  analyses  giye  an  amount  of  alumina  larger  than  is  required,  accord- 
ing to  the  quantity  of  sulphuric  acid,  to  form  potassio-aluminic  sulphate.  The  higher 
amount  of  water  m  IV  points  to  the  presence  of  aluminium  hydrate,  therefore  pro- 
bably to  an  admixture  of  gibbdte,  whilst  Cordiei^s  analysis  (III)  agrees  nearly  wiUi 
MitMherlich*B  formula  of  luunite,  yis. : — 

K«0J30»  +  8(A1K)»J30»)  +  2(A1K)«.3HK)), 

the  proportion  of  alumina,  howeyer,  being  somewhat  less  than  that  required  by  this 
fomnila.  The  alunite  of  Breuil,  on  the  oUier  hand,  contains  sulphuric  acid,  alumina, 
and  potash  almost  exactly  in  the  proportions  rec^uired  to  form  aluminium  monosol- 
phate  and  potassium  sulphate,  so  that  this  alunite  may  be  regarded  with  tolerable 
certainty  as  a  simple  hydrate  of  these  two  salts,  represented  by  the  formula : 

K«0.80«  +  6(A1K)».S0«)  +   6HK). 

It  is  therefore  extremely  rich  in  aluminium  monosulphate,  a  peculiarity  probably 
due  to  its  mode  of  formation. 

The  Breuil  alunite  appean  as  the  coating  of  a  bed  of  red  ferruginous  clay,  form- 
ing part  of  the  trachytic  tufas  and  basaltic  and  pumiciferous  conglomerates  extending 
in  the  form  of  hills  and  table-lands  oyer  the  whole  district  west  of  Issoire.  This 
mode  of  occurrence  distinguishes  it  from  that  of  the  other  alunites  aboye  mentioned. 
The  manner  in  which  it  encloses  the  ferruffinous  day  indicates  a  regularity  of  trans- 
formation which  can  scarcdy  be  attributed  to  exhalations  attacking  the  day  from  all 
sides  and  without  order,  but  rather  points  to  an  action  originating  within  the  mass  of 
the  da^  itsdf.  The  formation  of  the  alunite  may  in  fact  be  attributed  to  the  de- 
oompoeition  of  iron  pyrites,  or  more  probably  of  marcasite,  in  the  day,  brought  about 
by  the  action  of  rain-water.    The  marcasite,  by  oxidation,  woxild  yield  fecroxA  va^l- 
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phate  and  free  snlphnrio  acid,  and  the  sulphuric  acid  penetrating  outwards  wonid 
oonyert  the  exterior  portion  of  the  day  bed  into  alunite.  This  transformation  may 
in  fact  be  imitated  experimentally,  by  laying  marcasite  on  a  mud  of  day-slate  con- 
taining potash,  and  leaving  it  exposed  to  moisture.  After  some  time  a  solution  is 
obtained,  "which  by  gradim  evaporation  yields  a  mixture  of  ferrous  sulphate  and 
alum.  Then,  as  the  decomposition  advances,  the  ferrous  sulphate  is  robbed  of  its 
sulphuric  acid,  which  goes  to  complete  the  formation  of  the  'alunite,  and  as  insoluble 
residue  there  remains  nothing  but  ferric  oxide,  which  gives  the  red  colour  to  the 
nucleus  of  clay.  Beds  of  alunite,  containing  red  hsematite  and  gypsum,  together 
with  iron-glance,  like  those  of  the  Musag  mountains,  have  probably  been  formed  in 
the  same  way. 

^  There  are,  then,  two  modes  of  formation  of  alunite,  first  by  the  action  of  sulphuric 
acid  exhalations  on  rocks  containing  alumina,  ferric  oxide,  and  potash,  the  products 
in  this  case  being  alunite,  pyrites  and-  sulphur ;  secondly,  fh>m  pyrites  or  marcasite, 
the  final  products  of  which  are  alunite,  iron-glance,  and  red  hsunatite.  Both  these 
modes  of  formation  are  exhibited  in  the  district  of  Mont  Dore,  the  former  at  Uie 
Bavin  de  la  Craie,  the  latter  at  BreuiL 


If  G^H^'K'.  From  the  difference  of  action  of  ethyl  iodide  on  the 
isomeric  compounds,  hydrobenzamide  and  amarine,  Borodin  inferred  that  in  hydro- 
benzamide,  (O'H'.GH/N*,  the  whole  of  the  hydrogen  is  in  immediate  combination 

with  carbon,  whereas  in  amarine,  ^{^  *  two  of  the  hydrogen-atoms  bdong  to 

the  ammonia  residue  (iii.  184).  On  this  view,  the  conversion  of  hydrobenzamide  by 
boiling  into  amarine  is  exactly  analogous  to  that  of  tertiaiy  amines  (dimethylaniline, 
for  example)  into  secondary  and  primary  amines  observed  by  Hofmann  (2nd  SuppL 
67).  In  boUi  cases  hydrogen-atoms  are  transferred  from  the  carbon  to  tne  nitrogen, 
and  carbon-atoms  are  linked  together,  producing,  on  the  one  hand,  ammonia-residues, 
and  on  the  other  ca]4}on-groups  of  higher  order.  In  the  case  of  hydrobenzamide, 
however,  this  transformation  takes  place  much  more  easily  than  with  the  aniline 
derivatives  (Borodin,  Deut.  Chem,  Ges,  Ber.  vi.  1268). 

Nitrosamanne,  C«»H"(NO)N«  (Borodin,  Deut.  Chem,  Ges.  Ber.  viii.  933).— This 
compound  is  best  prepared  by  adding  a  concentrated,  hot,  alcoholic  solution  of 
an  amarine  salt  (hydrochloride,  nitrate,  or  acetate),  acidified  with  acetic  acid,  to  a 
veiy  concentrated,  hot,  aqueous  solution  of  an  alkaline  nitrite,  also  acidified  with 
acetic  acid.  On  stirring  the  mixture,  a  lively  reaction  takes  place,  ethyl  nitrite 
and  nitrogen  being  evolved,  and  the  yellow  liquid  becoming  filled  with  small,  heavy, 
brilliant  laminse,  which  refract  light  strongly,  and  have  a  rhombic  or  triangular  form. 
The  deposition  of  crystals  continues  for  some  time  after  the  liquid  is  cold. 

The  formation  of  nitrosamarine  takes  place  also,  though  less  quickly,  in  dilate 
alcoholic  solutions,  and  may  be  used  as  a  test  for  the  presence  of  amarine  salts.  In 
aqueous  solutions  it  takes  place  only  when  both  liquids  are  concentrated. 

The  direct  action  of  nitrous  acid  on  amarine  and  its  salts  gives  rise,  not  to  nitros- 
amarine, but  to  a  peculiar  complex  body  containing  nitrogen  and  oxygen. 

Nitrosamarine  is  insoluble  in  water  and  is  not  wetted  thereby.  It  dissolves  in 
alcohol,  ether,  amyl-alcohol,  carbon  bisulphide,  benzene,  and  hydrocarbons.  It  is  not 
volatile :  at  149^-160^  it  cakes  together,  turns  brown,  and  is  perfectly  decomposed, 
with  abundant  evolution  of  nitrogen  and  nitric  oxide,  and  formation  of  a  lar^e  quantity 
of  lophine,  and  a  smaller  quantity  of  a  liquid  which  has  the  smell  of  oil  of  bitter 
almonds.  Nitrosamarine  is  also  attacked  hj  an  alcoholic  solution  of  caustic  potash, 
with  formation  of  lophine,  ammonia,  and  a  liquid  smelling  of  bitter  almonds,  but  it  is 
scarcdy  affected  by  an  alcoholic  solution  of  ammonia,  even  at  a  boiling  heat.  When 
it  is  eentJy  warmed  with  sulphuric,  hydrochloric,  or  nitric  acid  in  presence  of  alcohol, 
heat  IS  liberated  and  the  substance  dissolves,  with  abundant  evolution  of  nitrogen, 
and  formation  of  ethyl  nitrite  and  amarine,  the  salt  of  which,  with  the  acid  used, 
remains  in  the  solution.  When  mixed  with  acids  in  presence  of  water,  it  is  not  so 
readily  attacked  in  the  cold,  but  is  decomposed  on  heating,  with  formation  of  amarine 
and  evolution  of  nitric  oxide  and  nitrogen.  It  behaves  similarly  towards  acetic  acid. 
This  behaviour  towards  acids  places  nitrosoamarine  among  the  nitroso-derivatives  of 
known  imide  bases  (diethylamme,  piperidine,  conine).  It  gives,  also,  the  characteristic 
dolour  reactions  of  the  nitroso-compounds  with  phenol. 


On  the  identi^  of  the  so-called  '  unripe  amber,'  from  the  coast  of 
the  Baltic,  with  Erantzite,  see  Basms,  Fossil  (2nd  Suppl,  1039). 


I.    This  name  was  given  by  Shepard  to  a  mineral  found  on  some 
dhspore  at  Cheater  (Mass.)    It  occurs  in  small  crystalline  masses,  formed  of  super- 
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posed  layers,  of  hexagonal  appearance,  with  easy  cleaTage  parallel  to  the  base, 
aooompanied  by  scattered  needles  of  nitile.  Translucent  in  thin  plates.  A  thin 
plate  exhibits  a  positiye  optic  axis  with  the  polarising  microscope.  Lustre  pearly. 
Odloiir  pale  apple-green.  Hardness  26  to  8.  Density  2-71.  Btfore  the  blowpipe  it 
becomes  blackish  md  is  almost  infusible.    Composition : — 

fflC.  Ai»o».  FeO.  MgO.  H»0. 

22-40  82-30  1680  19-90  10*90 

(Pbani,  Oon^t.  rmtd.  Ixxxiii.  166). 

AMBTHTST.  On  Twin-formations  of  Amethyst,  see  Jahrhwih  /.  MineralogUt 
1874.  428  ;  1876,  190. 

AMDnVBS  (WaUach,  Deut,  Ckem.  Ges.  Ber.  riii.  1676).  Phosphorus  penta- 
chloride  aeting  on  acid  amides,  R.GONR''  (where  R  or  R  represents  hydrogen  or  a 
Igrdroearbon  xndide),  produces  bodies  of  the  formula  R.CCINR ;  and  these  when  acted 
upon  b{y  an  amine  yield  bases,  called  am idines  or  amimides,  and  represented  by 
the  formula. 


^^^R*" 


rR'« 

Thus  to  erery  acid  amide  there  is  a  corresponding  amidine  which  may  be  regarded 
as  derired  from  it  by  the  substitution  of  NR'  for  0.    The  following  are  examples : — 

AoetanOide.  BenxanUide. 


Ajcedlamine.  Bthcnyldiphenylamixnido.         Bezizenj^pbeiijlamiinide. 

Similarly  with  the  amides  of  bibasic  acids : — 

>NH«  >NH» 

So  'Snh 

Carbsmida.  Quanidine. 

Amidines  are  formed  also  from  thiamides  by  the  exchange  of  S  for  NR' ;  guanidine, 
for  instance,  being  formed  by  the  action  of  amines  on  thiocarbamide. 

The  amidines,  as  a  class,  are  remarkable  for  the  facility  with  which  they  react 
with  water  to  form  the  amides  from  which  they  are  derived.  Thus  ethenyldiphenyl- 
amimide  is  resolved  by  prolonged  boiling  with  weak  spirit,  or  even  by  oft-repeated 
czystallisation  therefrom,  into  acetanilide  and  aniline : — 

CH'O^^^*^*  +  H«0  =  CH»C^NHO»H»  =  CH»C<^^^^*  +  NH«C»H». 

Similarly,  guanidine  yields  carbamide  and  ammonia,  and  acediamine  breaks  up  with 
extreme  facility  into  acetamide  and  ammonia. 

ViMByl-Aeetemliiilde  or  Vbenjlaoedlamlne,  C"H>*N*«  C>H^GH*.C^^, 

(Bemthsen,  Deut,  Chem.  Ges.  Ber.  viii.  1819  ;  ix.  429).  This  base,  the  acediamine 
of  the  a-toluic  series,  is  formed:  1.  As  a  thiosulphate,  by  the  simultaneous  action  of 
ammonia  and  atmospheric  oxygen  on  phenyl-thiacetamide : 

2(0«H».OH«.08.NH«)  +  2NH«  +  0«  -  HK)  +  (C«H»H)«)«.S«0«H«. 

3.  By  the  action  of  desulphurising  agents  on  phenyl-thiacetamide  and  ammonia ; 
with  mercuric  chloride  the  reaction  is  as  follows : — 

C»H».CH«.OS.Nfl«  +  2Nfl»  +  Hga«  -  HgS  +  NH».HC1  +  C«H».CH«.C<JJ5rHCl. 

The  base,  separated  from  its  salts  by  heating  with  potash,  forms  oily  drops  which 
solidify  on  standing  to  a  mass  of  platy  crystals.  It  dissolves  easily  in  alcohol,  ether, 
warm  water,  and  dilute  potash ;  melts  at  83^-89^ ;  cannot  be  sublimed  without 
decomposition ;  and  in  contact  with  potash,  evolves  a  small  quantity  of  ammonia.  It 
absorbs  carbonic  acid  from  the  air.  Alcohol  and  water  decompose  it,  with  formation  of 
ammonia  and  j^enylaeetamide : 

C»H».CH«.0^|,   +   HH)  =  NH»   +   O^RKCR^C^^r 

The  aeid  nUphate  of  pkenj/laoeiamimide  forms  large  tabular  crystals,  easily  soluble 
in  water  and  in  alcohol.  The  thiosuipkate  crystallises  from  alcohol  in  white  needles, 
and  from  water  in  thick  piiamM  winch  are  frequently  hollow  \  it  is  almost  insoluble 
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in  ether,  slightly  Boluble  in  alcohol  and  cold  water,  easily  in  hot  water.  The  acetate, 
0•fi>•N<.<7HK)^  obtained  by  decomposing  the  thiosulphate  with  lead  acetate,  crystal- 
lifes  from  alcohol  in  stellate  groups  of  slender  needles,  easily  soluble  in  water  and  in 
alcohol,  nearly  insoluble  in  ether,  melting  at  192^-193^.  The  neutral  axahU  forms 
white  prisms  or  needles,  soluble  in  water  and  in  alcohol.  The  acid  oxalate^  which  is 
less  soluble,  ciystallises  in  matted  needles.  The  nitrate  and  hydroohioride  are 
crystallisable. 

Pkenylaoetonumapheni^lamimide,    0««H»«N«   -   OH'.CmC^^*^',  is   fanned, 

with  evolution  of  hydrogen  sulphide,  when  phenyl-thiacetamide  is  heated  with  aniline 
liydrochloride : 

0«fl»— CH«— CSNH«    +   C«fl»(NH«)Ha  -   H«   +    0«H»— Cfl«— C^2?*.fla 

The  same  base  is  formed  by  the  reaction  of  bem^l  cyanide  and  aniline  hydrochloride : 

0»H'— CN  +   0»H»— NH«.H01  -  C^'— C^^^*.H01 ; 

also  by  the  action  of  iodine  on  a  mixture  of  aniline  and  phenyl-thiaoetamide  in  alcoholic 
solution : 

OfH»— OH^CSNH«  +  NH^O»H»  +  P  =  S  +  HI  +  (ra»— CH^O^]^^?*-™- 
Phonylacetomonophenylamimide  forms  small  white  needles  or  Un^inff^  melting  at 
about  128^,  and  subhming  in  lon^  needles.  It  dissolves  sparingly  in  water  and  very 
freely  in  alcohol  and  ether.  It  is  a  mon-acid  base,  forming  salts  which,  with  the 
exception  of  the  oxalate,  are  not  crystallisable. 

Pheni/laeetomonotolylamimide,   CH* — GH^ — ^^NH>    '  ^  ^^^^  analogous  to  the 

foregoing,  is  obtained  by  similar  reactions,  toluidine  hydrochloride  being  employed 
instead  of  the  aniline  salt.  It  crystallises  in  thick  prisms,  which  dissolve  in  water, 
alcohol,  and  ether,  melt  at  1 18^-119^,  and  sublime  at  a  higher  temperature.  Its  salts 
are  more  easily  crystallisable  than  those  of  the  phenyl  base. 

BeneenyUmonophenylamimide,  C"H»«N«  =  0«H»— 0^^^*,    formed    by   the 

action  of  aniline  hydrochloride  on  thiobenzamide,  G*H*.CS.NH*,  or  benzonitril  (phenyl 
cyanide)  is  a  white  substance,  easily  soluble  in  water,  and  forming  salts  which  are 
mostly  unciystallisable. 

BenzenyUdiphenylainmide,  C»»H"N«  «  0"H»—C^^^q^.,  formed  by  the  action 

of  aniline  on  the  preceding,  is  nearly  insoluble  in  water.  It  is  identical  with  the 
product  which  Qerhardt  obtained  by  Uie  action  of  FQ"  on  benzanilide. 

BenMenyUmonotclylamimiie^  CH* — ^^wn^    *  formed  by  the  action  of  benzonitril 

on  toluidine  hydrochloride,  crystallises  in  transparent  tables  melting  at  99^-99  6^. 
The  oxalate  and  nitrate  crystsdlise  in  needles. 

Benzenyl'ditotyloTnimide,  OH* — ^^f  nCH^  formed,  together  with  the  preceding 

base,  crystallises  in  thick  yellowish  prisms,  less  freely  soluble  than  the  monotolyl 
base.    It  melts  at  131^-132°,  and  sublimes  at  a  higher  temperature. 


I.    Liebig  represented  this  body  by  the  formula  0*H*N»0*  ■- 

(C»N«)«(NH«)«(OHy;  Gerhardt  regarded  it  as  0»H«N*0«  -  (0»N«XNH»XOH)«  (ii. 
287).  The  first  of  these  formulss  requires  49*41  per  cent,  the  second  43*75  per  cent, 
nitrogen.  Gabriel  {Deut,  Ckem,  Gee,  Ber.  viii.  1166)  finds  that  ammelide,  prepared 
by  cfdcination  of  ammeline  nitrate,  contains  60*71-61  *69  per  cent  nitrogen;  that 
prepared  by  the  action  of  nitric  add  on  melam  (Knapp's  process,  see  Gtnelin's  Hand- 
look,  ix.  476)  contains  61*02-61*44  per  cent. ;  and  the  product  obtained  by  the  action 
of  sulphuric  acid  on  pure  melam  contains  a  still  larger  quantity  of  nitrogen. 

On  the  other  hand,  a  white  chaU^  product  obtained  by  dissolving  crude  melam  in 
hot  strong  sulphuric  acid,  precipitating  with  alcohol,  and  washing  the  precipitate 
thoroughly  witli  boiling  water,  exhibited  a  constant  composition  agreeing  exactly 
with  that  of  Gtohardt's  ammelide,  and  of  Liebig  a.  Wohler^s  melanurenic  acid,  obtained 
by  calcining  urea.  This  compound  combines  readily  with  nitric  and  hydrochloric 
adds,  as  previously  pointed  out  by  Volhard  (DetU,  Chem.  Gea,  Ber.  vii.  92).  The 
nitrate,  C«H^K)«.HNO«,  crystallises  in  shining  scales ;  the  hydrochloride,  OH<N*0*.HCI, 
in  microscopic  needles. 


FomuUion. — Ammonia  may  be  produced  ttynthetically  by  the 
Motion  of  induced  eiectricify  on  a  mixture  of  uittogeu  and  hydro?:cn  in  the  pro(x:r 


s 
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DR^Kirtioii.    The  quantity  thus  formed  is  sm&U,  but  suffident  to  gire  a  decided  red- 
nown  precipitate  with  Neesler'e  reagent. 

JbdorpHon, — 1.  Bj  Ammonium  Nitrate.    See  Kxtbatm  (2nd  Su^l,  869). 

2.  'Rj8aimeaolmHons,—'F,  M.  Baoult  (Compt  rmdAxxvil  1078;  Ann.  Ch.  Phy$. 
b\  i.  262^  haa  studied  the  abeorption  of  ammonia  gas  by  solutions  of  salts  which  it 
ioes  not  oeeompoee  or  precipitate.  Experiments  on  the  absorption  of  ammonia  hy 
water  confirmed  the  results  of  Bosooe  a.  Dittmar  (Gasbs,  ii.  708).  For  solution  of 
poUiumm  kf^dtats,  the  coef&cient  of  absorption  is  less  than  that  for  pure  water,  in 
pxoportion  as  the  solution  is  more  concentrated.  At  16°  and  760  mm.  barometric 
pressure,  100  cc  of  water  absorb  60  grams  of  ammonia,  whereas  100  cc  of  aqueous 
potash  containing  24*26  per  cent.  KHO  absorb  only  30  grams,  and  100  cc.  of  a 
saturated  potash-soluition  absorb  only  1  gram  of  ammonia.  Soda-ioluHotu  hare  the 
same  abeorption-ooeffleient  as  potash-solutions  of  like  concentration.  Solutions  of 
sodium  mUraie  and  of  ammonium  nitrate  absorb  exactly  as  mudi  anunonia  as  water 
does,  although  dry  sodium  nitrate  absorbs  no  ammonia,  and  dry  ammonium  nitrate 
absorbfl  a  considerable  quantity.  A  solution  of  potaatiuim  nitrato  absorbs  more 
ammonia  than  water  absorbs,  but  the  residue  obtained  by  spontaneous  evaporation 
is  free  from  ammonia;  the  absorption  under  yairing  pressure  conforms  almost 
exactly  to  Dalton's  law,  and  develops  an  amount  of  heat  equal  to  that  evolved  in  the 
ahsorption  of  ammonia  by  water,  so  that  we  cannot  suppose  that  the  ammonia  exerts 
any  decomposing  action  on  the  aalt. 

With  saline  solutions  whose  boiling  point  does  not  exceed  110°  the  following  law 
holds  good : — The  d^orenoo  between  tie  oo^ffioient  qf  abeorption  tf  ammonia  in  water, 
and  in  eohUione  of  the  tame  salt  of  deferent  degreee  cf  oonoentration,  ie  proportional  to 
the  weight  tf  ealt  contained  in  a  oonetant  volume  meaeured  brfore  the  abeorption  of  the 
ffae. 

To  solutions  of  caustic  potash  or  soda  this  law  is  applicable  only  when  they  con- 
tain less  than  1  moL  of  anhydrous  base  to  16  mols.  of  water.  More  concentrated 
alkaline  solutions  dissolve  more  ammonia  than  the  law  indicates.  Such  a  solution  of 
potash,  for  example,  dissolves  16  times  its  volume  of  ammonia.  Even  the  solid 
hydrates,  with  the  exception  of  the  mono-hydrates,  KHO  and  KaHO,  absorb  a  littie 
of  the  gas.  The  general  law  above  named  furnishes  an  explanation  of  the  well-known 
fact  that  a  concentrated  solution  of  ammonia  evolves  a  portion  of  its  ^  when  potash 
is  added  to  it.  The  potash  but  slightiy  increases  the  oulk  of  the  liquid,  and  at  the 
same  time  it  forms  a  solution  less  capable  than  water  of  absorbing  ammonia. 
Solutions  of  ammonium  chloride  dissolve  a  littie  less  ammonia  than  water  absorbs. 

8.  By  Plants.    See  Nututiow,  Vbqbtablb. 

On  the  Exchange  of  Ammonia  between  Air,  Water,  and  Soil,  see  Schloesing  {Compt, 
rend.  Ixxxi.  81,  1262,  Ixxxii.  747,  846, 969 ;  Ckem,  Soe.  Jour.  1876,  i.  96,  618 ;  ii.  44, 
172). 

JDMsoltM.— According  toG.  C.  Wittstein  (Areh.  Pkarm.  [3],  iu.  827),  a  solution  of 
meremie  chloride  (as  originally  pointed  out  by  Einbrodt),  is  a  more  delicate  test  for 
ammonia  than  Kessler*s  reagent.  In  support  of  this  view  the  following  experiment  is 
adduced : — ^Into  one  of  two  beakers,  eacn  containing  100  cc  of  water,  were  intro- 
duced 1  drop  of  ammonium  chloride  solution,  1  drop  of  potash  solution,  and  1  drop  of 
mercuric  chloride  solution,  and  into  the  other  1  drop  of  ammonium  chloride  solution, 
and  6  drops  of  Nessler^s  reagent.  In  the  first  beaker  a  distinct  white  opalescence 
was  produced ;  in  the  second  neither  coloration  nor  turbidity  was  perceptible,  even 
after  the  addition  of  more  Nessler's  reagent.    Compare  Guyot  {2nd  Suppl,  69). 

According  to  J.  Moddermann  (Chem.  Centr.  1873«  677),  the  presence  of  ammonia 
in  distilled  water  may  be  detected  by  means  of  otntric  euiphate,  A  certain  quanti^ 
of  distilled  water  dissolves  this  salt  without  turbidity ;  but  on  adding  more  distilled 
water,  there  occurs,  at  a  particular  degree  of  dilution,  a  greenish  turoidity,  followed 
^  the  gradual  deposition  of  a  neen  precipitate  consisting  of  basic  cupric  sulphate. 
Ijie  formation  of  this  compound  is  due  to  ammonia,  which  is  invariably  present  in 
ordinary  distilled  water.  To  the  same  cause  is  due  the  turbidity  produced  in  a 
neutral  solution  of  ferric  chloride  by  a  large  quantity  of  distilled  water. 

Eetimation. — In  the  estimation  of  ammonia  by  distilling  ammonium  salts  with 
caustic  alkali,  an  error  may  arise  from  the  presence  of  thiocyanates,  which  also 
liberate  mwmnniA  under  these  circumstances.  This  error  may,  however,  be  completely 
avoided  by  using  lime  or  baryta,  preferably  the  latter,  in  place  of  potash  or  soda  (A. 
Ksilmiinn,  Chmn,  Newe,  xxxL  16). 

On  the  EeHmaiian  of  Ammonia  by  Needen'e  Reagent,  see  S.  Harvey  (CSksm.  Newe, 
zzvii  262 ;  Chom.  Soe.  Jour.  [2],  xi.  1161). 

On  the  Eetimation  of  Ammonia  in  the  Air,  see  Schloesing  {Compt.  rend.  Ixxx.  266; 
Chegt.  8oe.  Joetr.  [2],  juii.  663). 
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Estimation  in  CoaL  Got, — Houseau  (Compi.rmd.  Ixxvi.  62)  passes  the  gas  throng^ 
6  C.C  of  dilute  sulphuric  acid,  oontainiug  0*30625  grm.  SO^H',  until  the  liquid,  pre* 
yiously  tinged  with  litmus,  assumes  a  blue  colour.  The  current  of  gas  is  then 
arrested,  and  the  yolume  which  has  passed  is  noted.  This  volume  of  gas  contains 
0*10626  grms.  NH*. 

EstimaHtm  of  Ammimia^  Organio  Nitrogen  and  Nitrie  Aeid  in  Waler,  Earth,  fe, — 
Piuggari  {CompL  rend  Ixzvii.  481)  employs  for  this  purpose  a  method,  called 
Amrnonuhniirametry,  which  consists  in  first  determining  the  free  ammonia  either 
with  Nessler^s  reagent,  or  by  adding  one  or  two  drops  of  phenol  to  6*6  cc  of  sodium 
hypochlorite,  and  comparing  the  Tiolet-blue  colour  produced  with  a  normal  solution. 
The  nitrogen  existing  as  organic  matter  is  oxidised  to  nitrous  and  nitric  acids  by  heating 
with  a  mixture  of  silyer  chloride  and  caustic  potash  to  60^-60^  for  sereral  hours,  then 
reduced  to  ammonia  with  potash  and  aluminium-foil,  and  estimated  as  before.  By 
alternate  reduction  and  oxidation,  nitrogen  in  the  three  forms  of  combination  may 
be  estimated  in  one  portion. 

Anhydrous  Liquid  Ammonia, — G.  Gore  {Froe.  Roy,  8oc.  zx.  441)  has  ex- 
amined tne  solvent  action  of  liquid  ammonia  on  various  substances,  by  means  of  an 
apparatus  similar  to  that  which  he  formerly  employed  for  the  examination  of  liquid 
cyanogen  (2nd  Suppl.  416),  the  tnbes  being  charged  with  calcium  chloride  previously 
saturated  with  ammonia  gas. 

The  only  elementaiy  substances  soluble  in  the  liquefied  ammonia  are  the  alkali- 
metals  proper,  iodine  (bromine  was  not  tried),  sulphur,  and  phosphorus.  The  more 
generally  soluble  inorganic  salts  are  nitrates,  cUondes,  bromides,  and  iodides ;  whilst 
oxides,  fluorides,  carbonates,  sulphides,  and  sulphates  are  very  generally  insoluble. 
Many  saline  substances,  especially  certain  chlorides,  bromides,  iodides,  and  sulphates, 
absorb  ammonia  freely,  and  swell  greatly,  but  do  not  dissolve. 

Various  compounds  of  carbon  were  submitted  to  the  action  of  the  solution  of  potas- 
sium in  the  liquefied  vapour;  the  free  potassium  disappeared,  but  no  elementary 
carbon  was  liberated. 

OVZA/^OBA  WWLOOMBBm    See  Soda  Manufacturb. 

•    See  above. 


COWZUM  AlOAJbCkAja.  BouUedge  {Chem,  News,  xxvi.  210)  has 
determined  the  volume-relation  of  the  ammonia  and  hydrogen  evolved  from  this  sub- 
stance, by  first  measuring  the  total  volume  of  gas,  then  absorbing  the  ammonia  by 
water,  and  finally  reading  off  the  residual  volume.  In  this  way  it  is  found  that  the 
volumes  of  ammonia-gas  and  hydrogen  evolved  are  very  nearly  in  the  ratio  2:1, 
IcAding  to  the  inference  that  the  ammonium  and  hydrogen  in  the  amalgam  ^re  chemi- 
cally combined. 

When  the  amalgam  is  subjected  to  varying  pressure,  its  volume  varies  nearly  in 
the  inverse  ratio  of  the  pressure,  whence  it  appears  that  the  increased  volume  of  the 
amalgam  is  due  to  free  gases  enclosed  within  its  mass.  A  compound  of  ammonium 
and  mercury  is  probably  formed  in  the  first  instance,  but  this  compound  immediately 
begins  to  decompose,  the  ammonia  and  hydrogen  evolved  becoming  entangled  in  the 
mercury,  and  causing  it  to  swell  up. — Compare  let  Suppl.  p.  104. 

AMMOM lU M  8A&T8.  The  question  as  to  whether  these  salts  should  be 
regarded  as  derivatives  of  quinquivalent  nitrogen,  or  as  molecular  compounds  con- 
taining trivalent  nitrogen — sal-ammoniac,  for   example— either  as    ^  [n  or   as 

H'K  +  HCl,  being  still  undecided,  Meyer  a.  Lecco  (Deut,  Chem,  Ges,  Ber,  vii.  1748 ; 
viii.  233,  938)  have  endeavoured  to  solve  it  by  the  examination  of  certain  salts  of 
compound  ammoniums. 

If  trimethylamine  be  combined  with  ethyl  iodide  and  dimethyl-ethylamine  with 
methyl  iodide,  the  resulting  ammonium  iodides  must  be  identical,  if  the  ammonium 
salts  have  the  constitution  indicated  by  the  first  of  the  above  formule,  since  they 

wiU  both  in  fact  consist  of  dimethyl-diethyl-ammonium  iodide,  /Qra^sr^^*     But  if 

sal-ammoniac  and  its  analogues  are  molecular  aggregates,  the  compounds  in  question 
must  be  different,  the  one  containing  a  molecule  of  methyl  iodide,  the  other  a  mole- 
cule of  ethyl  iodide,  thus : 

N(CH»)>(C*H»)  +  CBPI  and  N(CH»)»  +  C'H»I. 

To  compare  these  two  compounds  it  was  necessary  in  the  first  place  to  prepare 

dimetJiyl-euiylamine,  and  for  this  purpose  dimethylamine  was  subjected  to  the  action 

of  ethyl  iodide.    This  reaction,  however,  yielded,  not  the  hydriodide  of  dimethyl-ethyl - 

v'ne,  RF  might  have  been  expected  from  the  anaiogpus  t^aclVou  ^-^  ^Vi\c\v  ViibWi^V- 
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amine  ia  obtiuned  (ii.  659),  but  hydriodide  of  dimethylamine  and  iodide  of  dimethyl' 
dietkyl-ammomum,  or  etkiodide  of  dimethyl-€thflamine : 

2N(CH.)^  +   2(?H.I  -  N{CH.)^.HI  +  j„,^j^g^?);?,H.r 

The  zeanlting  liquid  treated  with  caustic  potash  deposited  the  second  componnd, 
and  on  adding  hydrochloric  acid  to  this  precipitate,  to  neutralise  Uie  adhering  potash, 
and  mixing  it  with  recently  precipitated  silver  chloride,  silver  iodide  was  ^rmed, 
together  with  eihuloehloride  qfdimUhyl'etkulamine,  N(0H*^C<H«).0*E*C1,  which  was 
easily  separated  from  the  potassium  chloride  by  solution  in  cold  alcohol  and  erapo- 
zaticm. 

In  like  manner,  by  heating  diethylamine  with  methyl  iodide,  and  proceed- 
ing exactly  as  above  described,  the  methyUhchloridB  of  dietiyl-methylamine, 
N(CH»XO*H»V.C5HH3l,  was  obtained. 

The  two  cnlorides  thus  produced  resemble  one  another  exactly,  in  every  respect. 
Treated  with  moist  silver  oxide,  they  yield  a  base,  the  sali>hate  and  nitrate  of  wnieh 
are  identical  in  properties  from  whichever  of  the  two  chlorides  they  may  be  prepiued. 
The  platinochlorides,  aurochlorides,  and  picrates  derived  from  the  two  are  likewise 
identical,  and  finally  the  two  chlorides  undergo  exactly  the  same  decomposition  by 
dry  distillation,  being  resolred  into  methyl  chloride  and  methyl-diethylamine : 

N(CH«)«(C«H»)*C1  =  CH«a  +  N(CH»)(C«H»)«. 

It  must,  therefore,  be  concluded  that  these  chlorides  are  not  really  different,  but 
that,  whether  we  start  from  dimethylamine  and  ethyl  iodide,  or  from  diethylamine 
and  methyl  iodide,  the  salt  obtained  is  the  same,  viz.,  the  iodide  of  dimetJ^l-diethyl' 
mmmomimn,  (GH*WC'H*)'N.I,  the  nitrogen  contained  in  it  being  quinquivalent,  and 
the  compotrnd  itself  not  molecular  but  atomic ;  and  hence  it  may  be  inferred,  as  in  the 
highest  degree  probable,  that  a  similar  constitution  belongs  to  all  the  ammonium 
iMlts,  including  sal-ammoniac.  These  conclusions  have  been  criticiMd  l^  W.  Lessen 
{Lieiig's  AnnSen,  dxzxi.  864  ;  Ckem,  8oc.  Jour,  1876,  ii  629) ;  also  by  Ladenburg. 
— See  NrrBooxir. 

DeeompoaiHon  ofArnmoMmm  Salts  in  Ajumut  Soiuiiom, — When  solutions  of  difierent 
ammonium  salts  are  bailed,  a  definite  quantity  of  ammonia  is  lost,  the  amount  de- 
pendmg,  not  only  on  the  bulk  and  concentration  of  the  solution  and  quantitpr  of  water 
evaporated,  but  also  on  the  nature  of  the  salt.  It  is,  therefore,  possible  to  infer,  from 
the  amount  of  ammonia  liberated  under  defined  conditions,  the  nature  or  the  quantity 
of  the  ammoniacal  salts  present  This  observation  mav  be  applied  to  decide  the  question 
as  to  whether  two  salts  which  cannot  form  an  insoluble  compound  do  nevertheless 
partially  decompose  each  other  in  a  solution  or  not  Experiment  shows  that  such 
solutions  contain  at  100**  four  salts,  the  relative  quantities  of  which  depend  upon  the 
proportions  in  which  the  original  salts  were  brought  together. 

The  effect  jnroduced  by  the  presence  of  other  salts  on  the  dissociation  of  ammo- 
nium salts  may  be  determined  oy  comparing  the  amount  of  ammonia  which  escapes 
from  the  simpJe  solution  with  that  liberated  when  another  salt  of  the  same  acid  is 
also  present.  At  the  boiling  point  the  differences  are  very  smiill,  but  they  seem  to 
show  that  more  ammonia  is  volatilised  when  the  ammonium  salts  are  boiled  alone. 
At  ordinary  temperatures,  on  the  other  hand,  more  ammonia  evaporates  in  a  given 
time  from  Uie  mixed  solution  than  from  the  simple  one,  and  its  proportion  to  the 
quantity  of  water  simultaneously  evaporated  is  mbo  always  higher  (Bibbits,  Poyy, 
Jmm.  Sryangungthtmd,  yii.  462). 


A&OOHOUI.     1.  Isoprimary. — ^The  statements  of  different  observers 

respecting  the  optical  properties  of  the  amyl  alcohols  obtained  from  fusel  oil  are 
somewhat  diseoroant  It  is  commonly  stated  that,  by  Pasteur's  method,  founded  on 
the  fractional  crystallisation  of  the  barium  salts  of  the  corresponding  amylsulphurio 
ae^  (i.  203),  or  by  Ohapmikn  a.  Smith's  method  of  saturation  with  caustic  alkali  or 
calcium  chloride,  and  subsequent  distillation  {Itt  Suppl,  107),  two  amyl  alcohols  are 
obtained,  one  optically  laevogyrate,  the  other  inactive  to  polarised  light.  N.  Ley,  however 
{Daa,  CSIsm.  Ges,  Ber.  vi.  1862),  finds  that  by  repeated  application  of  Pasteur^s  method, 
two  IsBVogyrate  amyl  alcohols  may  be  obtained  of  unequal  rotatory  power.  One  of  th(>se 
aleoh<^  exhibited  a  Invo-rotatory  power  much  greater  than  that  of  the  active  amyl 
alcohol  obtained  by  previous  obsorvers,  producing  a  rotation  of  46°  in  a  column  60 
omtimeters  long,  and  equivalent  to  that  of  a  solution  of  4*7  pts.  of  sugar  in  100  of 
water,  whereas  the  alcohol  obtained  by  Erlenmeyer  a.  Hell  {Amn.  Ck,  Pharm,  clx. 
357)  exhibited  iu  a  column  of  the  same  length  a  rotation  of  only  23°,  equiyalent  to 
that  produced  by  a  2*4  per  cent,  solution  of  sugar,  and  that  obtained  by  Le  Bel 
(ta/ra)  had  nearly  the  same  rotatory  power. 

The  )e88  active  alcohol  obtained  by  Ley  had  a  rotatory  power  eq]iuvaleut  to  that 
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of  a  104  per  cent.  Engsr-ioIatioD,  and  somewhat  lew  than  tlut  of  tlie  ainjl  olcdial 
stndied  1^  Kwxe  a.  Pachol  (2ad  Bufpl.  82), 

The  fallowing  tsbls  sihibita  a  comparUoD  of  the  ratatoi;  trawen,  boiling  pMnte, 
and  spsciflc  gravitiw  of  i^e  active  amjl  ftlcoboU  according  to  diSbnat  obeerTBn: — 
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From  this  compatisou,  Lcf  iiif«n  that  tlie  two  alcoboli  have  not  yet  been  obtained 
qnite  pnie. 

According  t«  Popoff  (Daii.  Chem.  Qtt.  Btr.  Ti.  6S0)  commeicial  amjl  alediol,  If 
directl]'  mbjeetad  to  fractional  distillation,  jielda  in  the  flrat  portion  of  tba  diitillata 
an  amyl  alcohol  of  stroncBT  rotaCorj  power  Uiati  the  original  Lgnid ;  bat,  if  preriowlT 
digested  with  caustic  tukali  of  calcium  chloride,  according  to  Chapman  a.  Smiths 
method,  it  no  longer  jields  b;  fractional  distillation  a  more  active  alcohol 

J.  A.  Le  Bel  (Gmpl.  rend,  luvii.  1021)  sepaiatea  optically  active  amyl  ateohd 
from  the  mixed  fermentation  alcohols,  by  meami  of  hydrochloric  acid,  wfaerebj  the 
inactive  (or  leas  active)  alcohol  ia  converted  inio  tuojl  chloride  before  the  man  activs 
alcohol.  Qaoeoiu  hydrogen  chloride  is  passed  into  erode  amyl  alcohol  contained  in  a 
flask  fltted  witli  a  reflnz  apparatns,  and  the  portion  boiling  below  120°  is  distilled 
offfrmn  time  to  Idme,  The  distillate  is  freed  from  the  greater  part  of  the  hydroetilorie 
acid  by  a  second  distillation,  tlien  nsntralised  with  potassinm  cartioData  and  dried ; 
the  aloobol  and  the  chloride  are  separated  by  fractional  difrtillatjon ;  and  the  alcidiol 
is  agun  treated  wirb  hydrogen  chloride.  E^  repeating  tius  series  of  proecasec  UU 
niiie-t«nllu  of  the  original  mlitnre  of  alcohols  is  converted  into  chloride,  an  amjl 
aleohcd  i*  obtvned  which  boils  at  127°,  and  in  a  oolnma  SO  oentimeten  long  deflects 
the  plane  (^  polarisation  22*6°.  The  alcohol  prepared  as  above  still,  however,  contaiMd 
a  amatl  qnantttj  of  the  iaactive  alcohol. 

Inactive  amyl  alcohol  and  its  ethers  have  been  examined  by  Bslbiano  {Qojn. 
aim.  Hal.  vi.  229).  In  preparing  it  by  Pastenr's  method,  the  fractional  dys^lliaa- 
tion  of  the  mixed  barinm  amyl  sulphates  had  to  be  pstformed  18  or  20  limee  befon 
the  salt  from  the  inactive  alcohol  presented  tbe  constant  solnbilitj  at  10°  of  9■^  parts 
to  100  of  water.  Fermentatian  bnt|rl  alcohol  was  also  coDvetted  into  valeric  aeid 
and  then  into  amyl  alcohol  in  the  ordinary  way.  This  synthetically  formed  alcohol 
yielded  a  barinm  amylsolpbate  having  precitely  the  same  degree  of  solnbilily  as  that 
of  the  salt  obtained  from  the  inactive  amyl  alcohol,  so  that  there  can  b«  but  little 
donbt  that  the  inactive  alcohol  is  strictly  homologoos  with  fermentation  botrl  alcohol 
and  has  the  oonrtitntioa  rt  ■  ^  ■     ■■     -        ■    ™..  ^^.^^.>  ^.^  ^-..r^.^ 


The  pi 


a  repreeented  by  theformnla  CH'.CH(CH").CH'.CH'(OH). 
imyRc  alcohol  is  obtained  from  the  barinm  salt  by  digMtlDg 


colitmD  40  centimeters  long.  It  boils  at  ISr4°  with  the  thermametar  in  the  nponr, 
and  nnder  a  pressnre  of  747  mm.  (reduced  to  0°).  Its  density  at  0°isO'B23S.  It  dis- 
solves in  about  fiO  volnmes  of  water  at  14°,  and  the  solution  becoma  milky  when 
heated  to  60°.  Neitho'  the  pnre  inactive  alcohol  nor  the  crude  mixture  of  atnylic 
alcohols  is  altered  when  heated  la  2fi0°  either  in  the  dry  state  or  in  preaenca  of 

l^e  amt/l  ehloridt  prepared  bj  healing  a  saturated  solution  of  hydrochloria  acid 
in  the  inactive  alcohol  at  10C°  is  an  optic^ylnactivecolourleai  liquid,  boiling  at  68*9° 
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under  a  pressure  of  738*8.  Its  density  at  0^  is  0*8928.  Amyl  bromide  prepared  in  a 
manner  precisely  similar  to  the  chloride  boils  at  120-4°  nnder  a  pressure  of  746*2.  Its 
density  at  0°  is  r2368.  Amyl  acetate  is  a  colourless,  optically  inactive  liquid,  prepared 
by  distilling  a  mixture  of  acid  amyl  sulphate  and  diy  sodium  acetate.  It  bous  at 
138*6^  under  «  pressure  of  748*5,  and  its  density  at  0°  is  0*8838.  Jmi/l  valerate, 
obtained  together  with  some  raleric  aldehyde  and  traces  of  yaleric  acid,  by  Pierre  and 
Pachot's  method  of  oxidising  the  alcohol  at  a  low  temperature  by  means  of  chromic 
acid  mixture,  is  optically  inactire.  It  boils  at  190*8°  under  a  pressure  of  748,  and 
has  a  specific  gravity  of  0*870  at  0°.  When  decomposed  br  an  alcoholic  solution  of 
potassium  hydrate,  it  yields  potassium  yalerate,  from  which  the  inactive  valeric  acid 
may  be  obtained  by  distilling  it  with  dilute  sulphuric  acid.  When  dry  it  boils  con- 
stantly at  174*1°,  under  a  pressure  of  723*5°. 

Ikxtrogyrate  Jmyl  Alcohol  (?) — According  to  G.  H.  BeignesBakhoven  {Pogg.  Ann. 
Ergdnsbd.  vi.  326)  a  dextrogyrate  alcohol  is  obtained  1^  repeated  distillation  of 
eommereial  amyl  alcohol  with  solid  sodium  hydrate.  The  rotatory  power  of  the 
original  hevogyrate  liquid  then  steadily  diminishes ;  the  alcohol  after  a  while  becomes 
dextrogyrate ;  and  after  ten  or  twelve  distillations  an  alcohol  is  obtained  which  boils 
at  133°-134°,  and  has  a  constant  dextro-rotatory  power,  produdng  a  deviation  of  ten 
degrees  in  a  column  50  centimeters  long,  or  four  degrees  in  a  column  of  20  centimeters. 

These  statements,  however,  have  not  been  confirmed  by  other  observers.  Le  Bel 
(Cbmp/.  rend.  Ixxxii.  662),  in  repeating  Bakhoven's  experiments,  was  unable  to  discover 
a  trace  of  the  dextrogyrate  aloonol,  and  considers  it  probable  that  the  bodv  in  question 
was  really  a  mixture  of  the  inactive  alcohol  with  amyl  oxide,  which  is  aextrogyrate. 
Balbiaoo  also  {Oas£.  ehim,  ital.  vi.  402)  found  that  inactive  amyl  alcohol  remained 
inactive  after  tnirty-two  distillations  from  sodium  hydrate  *,  and  that  the  commercial 
alcohol  was  render^  inactive  by  twenty-three  distillations ;  whereas  no  dextro-rotatory 
alcohol  was  obtained  even  after  forty-three  distillations.  By  these  repeated  distillations 
a  smaJl  quantity  g£  amyl  oxide  was  formed,  and  a  corresponding  quantity  of  water 
eliminated. 

JkteetioH  of  Am^  Alcohol  in  prteence  of  Eikyl  Alcohol. — ^About  5  c.  c.  of  the  alcohol 
to  be  examined  is  diluted  with  0  or  7  vols,  of  water,  and  16  to  20  drops  of  chloroform 
are  added,  after  which  the  mixture  is  shaken  and  then  left  at  rest.  Tne  amyl  alcohol 
will  then  be  carried  down  by  the  chloroform,  and  left  behind  after  the  spontaneous 
evaporation  of  the  latter  (BetteUi,  CHusz.  ohm.,  ital.  iv.  666). 

Action  of  the  Copper-ginc  Couple  on  Amyl  Iodide. — Ordinary  amyl  iodide 
is  not  acted  on  by  the  copper-zinc  couple  at  100°,  and  if  the  temperature  be  raised  to 
its  boiling  pdnt,  secondary  products  are  formed.   At  146°,  however,  sinc-amyl  iodide, 

^1 J        ,  is  obtained  as  a  crystalline  solid,  together  with  amyl  hydride  (pentane), 

amjiene  and  diamyl.  On  distilling  the  product,  sinc-amyl,  Zn(CH")*,  is  obtained, 
amounting  to  20-80  per  cent  of  the  quantity  which  riiould  be  formed  by  the  decom- 
posttioii  <2  the  oQoqpound  2jn^0^H*^)I,  together  with  hydrocarbons,  from  which  it  may 
oe  separated  by  fractional  distillation.  By  distillation  in  a  vacuum,  the  crystalline 
eonuxmnd  yields  about  40  per  cent,  of  the  theoretical  quantity  of  sinc-amvL 

in  presence  of  water  or  alcohol,  the  action  of  the  couple  on  amyl  iodide  is  exactly 
SMilogons  to  that  which  it  exerts  on  ethyl  iodide  (2nd  Swppl.  480),  yielding  pentane, 
O^H**,  together  with  iodhydrate  or  iodethylate  of  cino  (Gladstone  a.  l^ibe,  Chmn.  8oc 
Jam.  [2],  zL  678). 

■•ciauflTj  Amjl  AledlioL  DiethyUcarhinot  (Wagner  a.  Saytsefi;  AmmaJUn 
dtr  Ckemie,  clscv.  361). — Of  the  three  possible  secondary  amyl  alcohols,  vis. — 


0H»  H«C    CH«  BPCHKJ    OH«OH» 

CH«  V  V_ 

0H»  OH  OHOH 

OHOH  OHOH 


CH«  CH« 

PMpgrl-meUijrl       Isoproyii-meUiyl  Dtothjl-OMttool. 

OuMnol.  CvMnol. 

Tlie  first  two  only  have  hitherto  been  known  {let  Suppl.  1 1 IV    The  third  is  obtained 
by  heating  ethyl  formate  with  sine-ethyl,  and  decomposing  the  product  with  water. 

Hie  reaction  between  ethyl  formate  and  dne-ethyl  may  be  supposed  to  take  place 
sitheir  in  one  stage,  as  represented  by  the  equation : 


1 

nOC*H» 


(1.)  I  +  zn<x-5;  -  i 
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or  by  two  stages,  thus : — 

H  ^    ^^^5^.        Cfl(C»H»XZnOC«H») 

CH(0«H.XZnOO«fl.)  OH(C'H.)« 

The  second  new  is  the  more  probable  of  the  two,  inasmach  as  the  reaction  does 
not  exhibit  the  same  phenomena  throughout^  but  b^ns  with  the  conyersion  of  the 
reacting  liquids  into  a  sjrupj  mass,  which  gradually  becomes  solid  and  crystalline. 
This  solidification  may  be  regarded  as  the  second  stage  and  end  of  the  reaction  ;  for 
it  is  found  that  the  more  completely  the  product  is  solidified,  the  larger  is  the  quan- 
tity of  diethyl-carbinol  obtained  on  treating  it  with  water,  whereas  the  flympy  mass, 
which  is  the  first  product,  yields  no  diethyl-carbinol  when  treated  with  water. 
This  is  in  accordance  with  the  following  equations : 


(1.) 


(2.) 


CH(0»H»XZnOC«H»)  CH(C*H»XOH) 

I  +  2H«0  -  Zn(OH)«  +   C«fl«  +    | 

O0«H»  OC«H» 

Bthrlio  ethyl- 
metiiylene  glyool. 

CH(0"H»)*  fl«C«    C^» 

I  +  2H«0  =  Zn(OH)«  +   C«H*  +         "^^^ 

ZnOO«H» 

Diethjl-ouMnol. 


The  intermediate  product,   ethylic   ethyl-methylene  glyool,  has  not  yet  been 
isolated. 

Preparation  of  Duthyl-cairhinol. — Instead  of  using  ready-formed  sine-ethyl,  it  is 
better  to  evolve  it  in  the  nascent  state  by  the  action  of  siiic  on  ethyl  iodide.  A 
mixture  of  1  mol.  ethyl  formate  and  4  mols.  ethyl  iodide  is  heated  in  a  flask  with  dry 
granulated  zinc  and  a  Uttle  sine-sodium  alloy,  at  first  gently,  and  afterwards  at  100^, 
the  reaction  bein^  considered  as  terminated  when  the  product  solidifies  to  a  crystal- 
line mass.  This  is  decomposed  b^  adding  it  in  small  portions  at  a  time  to  a  mixture 
of  ice  and  water ;  hydrochlorie  acid  is  added  to  dissolve  the  zinc  hydrate  formed ;  and 
the  whole  is  distilleid.  In  the  first  portions  of  the  distillate  oily  drops  come  over 
along  with  the  water :  when  this  ceases  to  be  the  case,  the  receiver  should  be  changed 
and  the  second  portion  collected,  until  the  addition  of  solid  potassium  carbonate  no 
longer  causes  the  separation  of  any  alcohol.  The  oily  layer  obtained  from  the  aqueous 
solution  by  this  means,  and  consisting  chiefly  of  ethyl  alcohol,  is  dried  over  potassium 
carbonate,  the  alcohol  removed  bj  distillation  in  the  water-batih  ;  and  the  oily  residne, 
after  being  washed  with  water,  is  added  to  the  oil  separated  frcnn  the  first  portion  of 
the  distillate.  This  crude  alcohol  is  best  purified  by  converting  it  into  the  iodide, 
according  to  ButleroVs  method  of  passing  gaseous  hydriodic  acid  into  the  aloohoL 

The  iodide  after  purification  may  be  re-converted  into  the  alcohol,  either  by 
heating  it  to  130^  in  a  sealed  tube  with  potassium  hydrate,  or  by  heating  fbr  forty- 
eight  hours  with  lead  hydrate  and  ten  times  its  volume  of  water  in  a  fiask  fitted  with 
a  reflux  condenser,  and  standins  in  a  water-bath ;  distilling  the  contents  to  dryness ; 
mixinff  the  distillate  with  a  fredi  portion  of  lead  hydrate ;  heating  it  under  the  same 
conditions,  and  repeating  these  operations  three  or  four  times.  iGiother  method  is  to 
heat  the  iodide  with  a  small  quantity  of  moist  silver  oxide.  In  either  case,  however, 
a  considerable  portion  of  the  alcohol  is  resolved  into  water  and  amylene. 

The  purified  alcohol  is  dried,  first  over  fused  potassium  carbonate,  and  then  over 
anhydrous  baryta. 

Properties  and  Beaetions. — Diethyl-carbinol  is  a  viscid  liquid,  having  the  cough- 
exciting  odour  belonging  to  the  amy!  alcohols  in  generaL  It  boils  at  1 16^-1 1 7^,  and 
has  a  sp.  gr.  of  0832  at  0^  and  0*819  at  16^  referred  to  water  at  0^.  By  careAiI 
oxidation  with  chromic  add  mixture  it  yields,  besides  acetic  and  propionic  adds^  a 
ketone,  CH>*0,  which  by  further  oxidation  is  also  converted  into  acetic  and  propionie 
acids. 

This  reaction,  and  the  easy  resolution  of  the  alcohol  into  amylene  and  water,  as 
when  the  conesponding  iodide  is  heated  with  alcoholic  potash,  or  with  silver  oxide 
or  lead'  hydrate  and  water,  shows  that  this  alcohol  is  a  secondary  alcohol;  and  its 
composition,  together  with  that  of  the  ketone  and  of  the  adds  formed  by  the  oxidation, 
gbowg  that  it  must  be  either  propyl-methyl  carbinol,  or  diethyl-carbinol.    The  mode 
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of  fSonnation  pointi  to  the  latter,  and  it  is  unlikely  that  any  isomerio  change  should 
haTe  taken  place  during  the  reaction,  since  the  simultaneons  action  of  nno-methyl  and 
lino-ethyl  on  ethyl  formate  is  found  to  yield  methyl-ethyl  oarbinoL 

Gmvernonof  Dietk/l-Oarhinol  into  Jhrop^l-^netk/l  Cfarbinol, — The  diethyl-earbinol 
was  oonyerted  by  the  action  of  hydriodic  acid  into  the  corresponding  iodide ;  half  of 
this  iodide  was  transformed  br  the  action  of  alcoholic  potash  into  amylene,  and  this 
again  combined  with  hydriodic  acid.  The  iodide,  (>K"I,  thus  obtained,  and  the 
diethyl-carbinyl  iodide,  were  then  treated  with  lead  hydrate  and  water,  and  the  result- 
ing alo(^ol8  were  partly  converted  into  chlorides  and  partly  oxidised  to  ketones. 
The  two  ideohols  and  their  deriratiyes  exhibited  the  properties  shown  in  the  follow- 
ing table : — 

Derivatives  of  Diethyl' Carbinol, 

B.  p.  Spec.  graT. 


A. , 


Iodide,  C»H"I.  .  146*>-1460  1-528  at  0®  1-501  at  20° 

Alcohol,  C»H»«0  .  .  .  116-6°  0-881  at  0<»  0-816atl8*> 

Chloride,  C»H»»Cl  .  .  .  108<»-105°  0*916  at  0®  0-895  at  21 « 

Ketone,  OH**0  .  .  lOi""  0*829  at  O^*  0*811  at  19<> 

Derivatives  of  the  Amylene, 

B.  p.  Spec.  graT. 

Iodide,  OH"I  .  .     144<>-145*  l-'689  at  0*»  1*610  at  20^ 

Alcohol.  C»H»H)  118*6*»  0827  at  0®  0*816  at  18° 

CJhloride,  0»H»»a  .  .     108°-106°  0*912  at  0°  0*891  at  21° 

Ketone,  G*H>*0  .  103°  0*828  at  0°  0^810  at  19° 

The  differences  in  the  properties  of  the  corresponding  compounds  are  but  slight, 
but  those  of  the  amylene-deriyatires  agree  very  nearly  with  those  of  the  pro^yl-methyl- 
deriTatires  (If^  Skmpl.  112).  The  two  ketones  oxidised  with  chromic  acid  mixture 
yield  the  same  products,  Tis.  acetic  and  propionic  acids,  as  they  should  do  according  to 
Popoff*s  law  {ist  SuppL  766  *,  2nd  Suppl,  711),  if  the  one  consists  of  diethyl  ketone 
ana  the  other  of  propyl-methyl  ketone,  thus : — 

^|C0  +  0«  -  C»H«0«  +  CH».COOH 

^IJCO  +  0«  -  C»HH)«  +   C«H».COOH. 

The  transfbrmation  of  diethyl-earbinol  into  propyl-methyl  carbinol  maybe  ex- 
plained as  foUows.  Diethyl-carbinyl-iodide,  GH*— GH*— CHI— CH^— €H*,  is  con- 
rerted  by  alcoholic  potash  into  the  amylene,  CH*— CH*— CH=CH— GH*.  Now  when 
a  hprdzocarbon  containinjg;  the  group  — CH=:CH —  combines  with  hydriodic  acid,  the 
iodine  usually  attaches  itself  to  the  CH  which  is  nearest  to  one  of  the  methyl-groups, 
as  is  observed  in  the  case  of  hexylene  £rom  mannite.  Accordingly  the  amylene  in  ques- 
tion should  be  convertible  into  the  iodide  CH*— CH^— CH*— CHI— CH*,  whidi  is 
propyl-methyl  iodide  (Wagner  a.  Saytxeff,  Lidricfs  Annaien^  dxxix.  813). 

T«rtUtf7  Amjl  Aleoliol«  or  Dlmathyl-etlijl  Carbinol,  (^^(COH,  is 

formed  under  certain  circumstances,  by  the  action  of  sulphuric  acid  on  amylene  (see 
the  next  article). 


C*H**.  (1.)  Amylenes  from  Fermentation  Amyl  Alcohol 
(Flavitaky,  Liebig's  Antialent  dxxix.  340). — a.  Ordinary  amylene  (b.  p.  86°)  produced 
by  the  action  of  sino-chloride  at  high  temperatures  on  fermentation  amyl  alcohol,  is 

usually  regarded  as  iso-propyl   ethylene,  C^J^i  i  **' w*^^^^ — CH=CH«, 

inssmnch  as,  on  combining  it  with  hydriodic  acid,  and  decomposing  the  resulting  iodide 
with  moist  silver  oxide,  it  yieldi  Wurts's  amylene  hydrate,  which,  from  its  products  of 
oxidation,  as  observed  by  Wurti  and  by  Kolbe  (acetic  add,  acetone,  and  isopropyl- 
methyl  ketoneX  has  been  supposed  to  be  a  secondary  alcohol,  namely,  isopropyl" 

metJ^l carbinol,  ^^CH— CHOH— CH*  {Ut  Sitppl,  112). 

This  view  of  its  constitution  has  however  been  called  in  question  by  Flavitaky 
(Lidn^s  Annalm,  dxxix.  840),  who  finds  that  amylene  hydrate  (prepared  by  the 
action  of  solphuric  add  on  ordinary  amylene,  and  boiling  at  102*3°),  when  gjtianalbi 
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oxidised  by  a  solation  of  ohzomie  aDhjdride  in  acetic  acid,  00  as  to  aroid  all  eneigetio 
action  (which  mifi^t  further  oxidise  any  ketones  that  were  formed),  yields  amylene 
distilling  over  below  40^  and  acetone  between  40^  and  60^,  but  not  a  trace  of  methyl- 
isopropyl  ketone,  the  portion  of  the  liquid  which  distilled  between  60°  and  100® 
consisting  almost  wholly  of  unaltered  amylene  hydrate. 

The  non-formation  of  methyl-isopropyl  ketone  by  oxidation  of  amylene  hydrate 
does  away  with  the  only  proof  that  this  alcohol  is  methyl-isopropyl  carbinol,  inasmudi 
as  a  tertiazyamyl  alcohol,  viz.  dimethyl-ethyl  carbinol,  would  yield  by  oxidation  acetic 
acid  and  probably  also  acetone. 

Neither  is  the  amylene^lpecl  (b.  p.  170°)  which  Wurtz  obtained  by  the  action  of 
silver  acetate  on  the  dibromide  of  ordinary  amylene,  a  methyl-isopropyl  compound ; 
for  when  oxidised  by  dilute  nitric  acid  it  is  concerted  in  butylactic  or  a-oxyisobutyric 

acid,  ^n^COH — COOH  {Ist  Suppl.  891) ;  consequently  this  glycol  must  hare  the 

structure  -os^^^OH — OHOH — CH*,  itsoxidation  to  butylactic  acid  being  represented 
by  the  equation : 

^^OOH— CHOH— CH"  +  0»  =  ^^COH-OOOH  +  00«  +  2H«0. 

Ordinary  amylene  from  which  this  alcohol  is  derived  must  therefore  be  trimethyl- 
ethylene,  ^^0=:CH— 0H». 

jS.  An  amylene  boiling  at  26°  is  formed,  together  with  ethyl-amvl  oxide,  by  the 
action  of  alcoholic  potash  on  the  iodide  obtained  by  treating  fermentation  amyl  alcohol 
(active  or  inactive)  with  hydriodic  acid.  The  amylene  is  separated  by  washing  the 
product  with  water,  drying  over  calcium  chloride,  and  rectifying  several  times  over 
sodium.  It  unites  with  bromine  at  ordinary  temperatures,  forming  a  bromide, 
0»Hi*Br',  boiling  at  186°-190° ;  when  heated  with  fuming  hydrochloric  acid,  it  yields 
a  hydrochloride,  OH^^HCl,  boiling  at  86°-86°,  and  when  it  is  well  cooled  and  a 
stream  of  chlorine  is  passed  through  it,  a  product  is  formed  which  boils  for  the  most 
part  at  149°.  Heated  with  fimiing  hydriodic  acid  in  sealed  tubes  placed  in  a  water- 
bath,  it  is  converted  into  a  hydriodide,  OH**.HI,  boiling  at  129°-130° ;  this  compound 
treated  with  dry  silver  acetate,  added  by  small  portions,  is  converted  into  the  corre- 
sponding acetate,  0»H**.C^^O',  boiling  at  124°-126° ;  and  by  saponifying  this  com- 
pound with  strong  aqueous  potash,  t&e  corre8{>onding  amyl  alodhol  or  amylene  mono- 
hydrate,  G*H'*.H(OH),  is  obtained,  as  a  liquid  having  the  smell  and  taste  of  the 
alcohol  obtained  from  ordinary  amylene  and  boiling  at  103°-104°. 

This  amylene  when  gradually  oxidised  by  a  mixture  of  potassium  dichromate  and 
sulphuric  acid  yields  the  same  products  as  ordinary  amylene,  viz.  acetic  acid  and 
acetone,  but  no  methyl-isopropyl  ketone.  Moreover  the  monatomic  derivatives  of  the 
two  amylenes  are  identical  in  physical  properties,  as  the  following  table  will  show : — 


Aloobol. 
B.  p. 

Iodide. 
B.  p. 

Ohloride. 
B.  p. 

Acetate. 
B.  p. 

From  Amylene,  b.  p.  26°  . 
t>            If          •»     86°  . 

108°-104° 
106° 

129°-130° 
130° 

86° 

86°  (Berthelot) 

90®  (Wurtz) 

124°-124-6° 
126° 

Sp.gr. 

Sp.gr. 

Sp.gr. 

Sp.  gr. 

From  Amylene,  b.  p.  26°  . 
tf            If          »i     86    . 

0*826 
0*826 

1*621 
1*622 

0*891 

— 

Nevertheless  the  two  amylenes  cannot  be  identical,  inasmuch  as  they  differ  in  their 
boiling  points  by  ten  degrees.  Moreover  the  amylene  boiling  at  26°  yields  a  glycol 
differing  in  all  its  properties  from  that  which  is  obtained  from  ordinary  amylene. 
This  glycol  was  prepared  by  combining  the  amylene  with  bromine,  heating  the  result- 
ing dibromide  with  silver  acetate  and  glacial  acetic  acid  at  the  heat  of  the  water-bath, 
and  decomposing  the  resulting  di-acetate  with  dry  potassium  hydrate  or  baryta. 
The  glycol  thus  obtained  is  a  transparent,  colourless,  thick  liquid,  having  no^amell, 
but  a  burning  bitter  taste,  miscible  in  all  proportions  with  water,  easily  soln^ble  in 
alcdiol  and  ether.  It  boils  at  206°  (ordinary  amylenfr-glycol  at  177°)»  and  has  a  sp. 
gr.  of  0*9987  at  0°,  0*9843  at  21*6°  (ordinary  amylene-gl^l,  0*987  at  0°). 

Tbisglycdi  is  converted  by  oxidation  wiUi  dilute  nitnc  acid  (2  parts  strong  add 
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and  three  parts  water)  into  o-ozjiioTalericaoid  (2nd  Supph  885),  and  come- 
quentlj  miut  hare  the  stmctiue  of  isoprop/lated  ethene-gljcol;  tntu : 

HK)    CH«  H«0    0H« 

CR  CR 

I  jrielda  by  oxidation        I 

CHOH  OHOH 

CSEPOH  COOH 

iMpropyUted  o-OzyiiOTAlario  aold. 

ethylene-glyooL 

Henoe  it  follows  that  the   amylene  boiling  at  26^  is  isopropjl-ethenei 

When  this  amylene  is  combined  with  hydriodie  acid,  and  the  resulting  hydri- 
odide  is  decomposed  by  alcoholic  potash,  an  amylene  is  obtained  boiling  at  36°, 
and  agreeing  in  every  respect  with  ordinary  amylene  or  trimethyl-ethene.  Here, 
then,  it  is  evident  that  the  iodine  is  removed  from  the  compound,  in  combination  with 
an  atom  of  hydrogen  different  from  that  with  which  it  had  combined ;  thus : — 

(CH»)» 
(CH»)«  0 

CH        -  HI  -    II 

cm  CH 

CH«H  CH» 

bofvopyl-ethflne  hydriodide.       Trlmsthjl-etbtne. 

This  oottversion  of  an  amylene  having  a  structure  analogous  to  that  of  a  secondary 
aloohol  into  another  constituted  similarly  to  a  tertiary  alcohol,  is  an  example  of  a  law 
which  appears  to  be  general,  vis.  that,  in  the  formation  of  kydrooofbons  of  the  ethene 
teriee,  tiare  ie  a  tendency  to  the  produoiion  cf  those  mod^ficatione  whiek  contain  the 
maximmm  nmmber  of  mBthyUgroupe. 

Other  examples  of  this  law  are  afforded  by  the  transformations  of  the  butyl 
aleohols  obsored  by  Linnemann  (2nd  SuppL  217»  219) ;  the  conversion  of  isobutyl 
bromide  by  heating  to  230^-240°,  into  trimethyl-carbinyl  bromide,  observed  by 
Eltekoff  (Dent,  Chem,  Oes,  Ber,  vi.  268),  the  formation  of  trimethyl-ethene  from 
ethyl-dimethyl  oarbinol,  observed  by  Ermolaiew  {Und,  64),  and  that  of  the  heptene, 
^CHOH(OH»)» 
<^-CH*  ,  from  dimethyl-isobutyl  carbinol,  observed  by  Butlerow  {Liebi^e 

Annalcn,  eLdi.  189).  This  tendency  to  the  multiplication  of  methyl-groups  in  an 
ethsne-moleeule  is  probably  due  to  the  fitct  that  methyl-  is  the  most  stable  compound 
of  carbon  and  hydrogen  that  can  enter  into  a  compound  of  the  fatty  series.  To  the 
ssme  cause  majr  perhaps  be  attributed  the  fact  that  the  normal  compounds  of  the 
liitty  series,  wmea.  contain  the  minimum  number  of  methvl-grouns,  are  the  most  diffi- 
cult of  all  to  produce  synthetically.  Ethane  itself  can  ha^^  oe  considered  an  ex- 
ception in  this  respect^  inasmuch  as  it  belongs  to  a  peculiar  type  analogous  to 
boisene. 

The  followinff  hydrocarbons,  to  judge  from  their  boiling  points,  are  probably  also 
identical  witli  ordinary  amylene : 

1.  Obtained  by  the  action  of  sine-amalgam  on  ordinary  amyl  iodide  (Frankland, 
Chem,  8oe,  Journal,  ilL  85,  44). 

2.  By  the  dry  distillation  of  sodium  amylate  (Mendeleje£^  Lehrb,  d,  org,  Chem, 
1868,  895). 

8.  By  dehvdration  of  ethyl-amyl  oxide  with  phosphoric  anhydride  (Flavitsky, 
IM.  Jam.  dxix.  206). 

.  Action  ofSnMurie  Aeid  on  AnwUne, — ^When  dilute  sulphuric  acid  of  sp.  gr.  1  '67  at 
20°  (2  vol.,  H90^  to  1  voL  water)  is  graduallv  mixed  in  a  vessel  cooled  by  a  fteedng 
mixture  with  ordinal^  amylene,  an  amvl  alcohol  is  obtained,  in  the  form  of  a  odour- 
less liquid,  smelling  like  camphor  and  bitter  almond  oil,  solidifying  at  — 80°,  lx>iling 
at96°-97^and  yielding  an  iodide  which  boils  at  116°-120°;  identical,  therefore, 
with  dimethyl-ethyl  carbinol  (let  Suppl,  115).  When,  on  the  other  hand,  sul- 
phuric acid  of  sp.  gr.  1*545  at  20°  (2  pts.  b^  weight  of  H%0«  to  1  pt.  of  water),  is 
used  instead  of  the  stronger  add,  an  aloohol  is  formed  which  remains  liquid  at  — 30°, 
boils  at  102°-105°,  and  yields  an  iodide  boiling  at  125-127°.  These  are  nearly  the 
properties  of  methylisopropyl-oarbinol  (ibid,  118^.  Hence  it  appears  that  the 
aetMo  of  sulphuric  ac^  on  amjUne  may  give  riMb  either  to  a  weondazY  os  \a  ^ 
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tditia^  alcohol,  acoozdiog  to  the  oonoentiation  of  the  add  need  (Osdpoflt  Deut,  Cktm. 
Gea.  Ber.  yiii.  642, 1240).    Oomjoare  Flayitsk^  {2nd  8uppl.  64). 

When  the  amylene  which  houB  at  25®  is  diasolyed  in  solphniic  acid,  part  of  it  be- 
comes polymerised  to  diamylene,  identical  with  that  which  is  obtained  in  like  manner 
from  ordinary  amylene  (Flavitdcy,  IM¥i,  Chem,  Ges,  Ber.  jm,  767). 

On  the  Becompoeition  of  Amylene  Bromide  by  the  Oopper-zinc  Ooupl^  see 
Olbfznrs. 

(2.)  Amylene  from  DiethyUCarhinol  (Wagner  a.  Saytcefl^  LUb,  Ann,  dzziz. 
802). — ^Thia  amylene  (b.  p.  86®)  is  easily  formed  b^  heating  diethyl-carbinyl  iodide  with 
alcoholic  potash,  or  with  silver  oxide,  or  lead  oxide  and  water  (p.  78).  The  bromide^ 
formed  by  pouring  bromine  in  a  fine  stream  into  the  amylene  contained  in  a  fladc  snr- 
roonded  by  cold  water,  is  a  coloorless  liquid  having  a  sweetish  taste,  and  boiling  with 
partial  decomposition  at  178®,  under  a  barometric  pressure  of  768*8  mm.  at  0® 
(bromide  of  orcUnary  amylene  boils  at  170®-176® ;  that  of  ethyl-allyl  at  176® ;  that 
of  isopropyl-ethene  at  176®-180®) ;  its  specific  gravity  is  1*7087  at  0®,  1*6868  at  14® 
(compared  with  water  at  0®);  expansion  coefficient  to  1®  between  0®  and 
14®  =  0*00093. 

The  corresponding  glyoolt  prepared  by  decomposing  the  bromide  with  silver 
acetate  and  ghuaal  acetic  acid,  and  neating  the  resulting  acetate  with  caustic  baryta 
and  water,  is  a  viscid  syrupy  liquid,  having  a  burning  rather  bitter  taste,  but  no  smelL 
It  boils  at  187*6®,  under  a  pressure  of  769*9  mm.  at  0®  (Wurts's  amyl-glyool  boils  at 
177®,  Plavitd^s  at  206®).  its  specific  gravity  is  0*9946  at  0®,  0*9800  at  19®  (compared 
with  water  at  0®).  By  oxidation  with  nitric  acid,  it  is  converted  into  a-oxybuty  rie 
acid  {\»t  SuppL  891),  formic  acid  and  carbon  dioxide,  together  with  acetic  and 
glycolUc  adds.  The  formation  of  cMoybutyrie  add,  OH*— 0H«— OHOH— OOOH, 
shows  that  the  glycol  and  the  amylene  from  which  it  is  derived  have  the  Btraetare 
represented  by  the  following  formulee: — 

Off  CH. 

OH  0=* 

?r  OHOH 

lU  OHOH 

Amylene.  Gljool. 

OH(OHKaBP), 

The  amylene  from  diethyl-carbinol  is  therefore  methyl-ethyl-ethene,jj 

OH(OH») 
and  its  formation  completes  the  group  of  the  ftra^  possible  amylenes,  whose  formula 
are  given  in  the  2na  Supplement^  p.  64,  the  other  three  being  Wurts's  ethyl-allyl, 
analogous  in  structure  to  normal  amvl  alcohol;  isopropyl-ethene,  analogous  to 
ferment&tion  amyl  alcohol;  and  trimethyl-ethene,  analogous  to  methyl-isopropyl 
carbinoL 


oxiTco&s.  or  Aanx  o&tco&s,  o^h^K)*  »  o*h>«(OH)*. 

Three  of  these  compounds  are  Imown,  viz. : 

!1.^  That  obtained  by  Wurts  from  ordinary  amylene  or  trimethyl-ethene  (L  208). 
2.)  That  obtained  by  Flaviteky  from  isopropyl-ethene  (p.  80). 
(3.)  That  obtained  by  Wagner  a.  Sayteeff  from  methyl-ethyl-ethene  (aupra). 
The  following  is  a  comparative  view  of  their  formulse  and  boiling  pdnts : — 


(1) 

(2) 

(3) 

H«0     OH" 

H«C     OH* 

Ofl» 

COH 

^ 

0H« 

OHOH 

OHOH 

OHOH 

OH' 

CH«OH 

OHOU 
0H» 

B.p,  177®. 

B.p.ao«». 

B.p.  187*«». 

The  amylene-glyool  derived  from  normal  amylene  or  ethyl-allyl  has  not  yet  been 
obtained. 


Soluble  Starch.    See  Stabcs. 
ASnXOZT  BUIiVSOBJnnZBB.    See  OxTsrnjpHOBEMSiDa. 
-PJrOAFBnniS.    See  Bhobfbihbb, 
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MMAOMMMOVWtL  The  natf  of  Anacardimn  orimUaU  oontain  a  black  fetty 
matter,  which  mizee  readUy  with  melted  wax,  fltearin,  paiaffin,  &c.,  and  is  need  fti 
giyii^;  a  black  colour  to  candles  (Bottger,  JHn^l.  pol,  J,  ccv.  490). 


ProxmaU  Analyst  of  Aftnero^.— FouquA  (Owjip^.  rmtd.  Ixxvi. 
1089)  has  giren^  method  of  nroximate  mineral  analysis  depending  on  the  snccessire 
me  of  a  magnet  and  of  hydronnoric  acid.  The  mineral  is  reduced  to  a  coarse  powder, 
from  which  an  electromagnet,  excited  by  0-8  Bunsen's  elements,  remores  all  the 
ferru^nous  particles,  a  white  powder  remaining  behind,  which  contains  nothing 
but  the  felspathic  constituents  of  the  mineraL  Strons  hydrofluoric  add  may  be 
employed  to  remove  the  felspathic  and  vitreous  constituents,  a  powder  then  ie« 
maining,  which  consists  of  crystals  of  pyroxene,  peridote,  sphene,  and  oxides  of  iron, 
the  latter  of  whidi  mav  be  removed  by  a  weak  magnet.  Tbe  crystals  of  pyroxene  and 
peridote  are  sufficiently  difEbrent  in  colour  to  idlow  of  an  easy  separanon  with  the 
aid  of  a  magni^ng  glass. 

Newfbnns  of  apparatus  for  use  in  quantitative  analysis  are  described  by 
A.  Gawalowski  (Zeitschr,  Anal.  Chem,  xii.  181 ;  Chem.  Soo;  Jour.  [2],  xii.  287). 

Modifications  of  the  apparatus  for  Elementary  Organic  Analysis,  by  J. 
Lowe  {2>Utekr.  Anal,  Chem,  xi.  408 ;  Chem.  8oe.  Jour,  [21,  xi.  1087).  Apparatus 
Ibr  Technical  Gas-analysis,  by  0.  Winckler  (J,  pr.  Chem.  [2],  vi.  801 ;  Chem, 
Soo.  Jowr.  [2],  xL  661). 

Emre  in  the  ultimate  Anaiyeie  of  Organie  Bodiet.^Qt,  8.  Johnson  {Chem.  8oe. 
Jowr.  1876,  i.  178)  has  drawn  attention  to  two  possible  sources  of  error  inorganic 
analysis :  ^1.)  From  the  presence  of  nitrite  in  the  potash-solution  used  for  absorbing 
the  carbomc  add.  In  most  oisanic  analyses,  as  now  conducted,  a  stream  of  oxygen 
more  or  less  abundant  is  passea  through  the  potash-bulbs ;  and  if  the  liquid  in  these 
bulbs  contains  potassium  nitrite,  this  salt  will  absorb  oxygen  and  be  converted  into 
nitrate,  and  consequently  the  weiffht  of  the  bulbs  will  be  increased. 

(2.)  The  copper  reduced  bv  hydrogen  for  decomposing  the  nitrogen  oxides  evolved 
in  the  combustion  of  azotised  organic  bodiee,  sometimes  ocdudes  hydrogen.  Now,  at 
the  commencement  of  a  combustion,  either  with  lead  chromate  or  copper  oxide,  the 
copper  becomes  blackened  on  the  surfieu^  from  oxidation ;  but  as  the  temperature 
rises,  the  ocduded  hydrogen  is  set  free,  and  reduces  the  film  of  oxide  on  the  surface, 
forming  water  which  passes  over  into  the  chloride  of  calcium  tube :  hence  the  weight 
of  this  tube  may  be  increased  by  water  not  due  to  the  combustion  of  hydrogen  in  the 
substance  under  analysis. 

Volumetrie  Anaiyeie.  Use  of  Permangamaie. — ^Potassium  permanganate  is 
perhaps  the  most  delicate  reagent  that  can  be  used  in  volumetric  analysis,  but  its  ap- 
plication is  sometimes  interfered  with  by  the  production  of  coloured  compounds,  which 
obscure  the  exact  point  of  peroxidation.  Such  is  the  case  when  iron  is  present  as 
ferrous  chloride,  the  yellow  colour  of  the  resulting  ferric  chloride  presenting  a  great 
obstacle  to  the  exact  determination  of  the  limit  of  the  reaction,  to  such  an  extent 
indeed  that  Uie  use  of  permanganate  in  the  analysis  of  iron  ores  has  been  almost 
superseded  bv  that  of  potassium  dichromate.  It  has  l&tely,  however,  been  shown  by 
£.  A.  Pamell  {Chem.  Soo.  Jour.  [2],  xiii  27)  that  the  difficulty  above  mentioned  in 
the  application  of  perman^nate  to  the  analysis  of  iron  compounds  may  be  completely 
obviated  by  the  use  of  artificial  light.  Viewed  by  candle-light  reflected  from  a  white 
ground,  the  colour  of  ferric  chloride  is  so  greatly  reduced,  Uiat  a  solution  containing 
about  8  pts.  ferric  chloride  (or  1  pt.  iron)  in  400  pts.  water  is  almost  colourless.  For 
further  oetaUs  respecting  the  use  of  permanganate  in  the  analysis  of  iron  ores,  see 
Ibon,  Estdcatiox  of. 

Intkoaiare  for  the  Titration  of  Acideand  AUcalie, — 1.  Alisarin, — According  to 
R  Schaal  {Dent,  Chem.  Cree.  Ber.  vi.  1180)  alizarin  is  a  much  more  delicate  test  for 
adds  and  alkalis  than  litmus,  being  capable  of  detecting  1  part  of  alkali  in  800,000, 
and  exhibiting  in  neutral  solutions  a  distinct  yellow  colour  with  0*0007  pt.  of  hydro- 
chloric add.  To  prepare  t^e  test-solution,  an  excess  of  alisarin,  together  with  a  drop 
of  phenol  (to  preserve  the  alisarin  from  decomposition),  is  dissolved  at  boiling  heat  in 
potash-ley,  and  the  liquid  when  cold  is  filtered  m>m  undissolved  alisarin.  The  reaction 
is  the  most  delicate  wnen  the  aliarin  solution  is  first  supersaturated  with  add  and 
then  titrated  back  with  alkali.  The  neutralisation  of  the  add  is  complete  as  soon  as 
the  yellow  changes  to  rose-colour,  the  smallest  trace  of  free  alkali  being  suffident  to 
prodfuce  this  effect. 

When  a  solutioi^  of  alisarin  in  distilled  water  is  dropped  into  spring  water  and 
warmed,  the  water  becomes  red,  showing  that  it  is  alkaline,  and  the  amount  of  alkali 
may  be  determined  without  previous  concentration. 
Stripe  of  paper  coloured,  on  the  one  hand,  with  an  alcoholic  s6lut\oii  ot  «lVianii« 
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and,  on  the  other,  with  the  above-deecribed  neutral  eolation,  may  be  need  for  testing 
instead  of  red  and  bine  Htmns-paper. 

2.  Phenol'phihaUin, — This  body,  which  is  easily  prepared  by  heating  phenol 
withphthalie  anhydride  and  snlphnric  acid,  is  perfectly  colourless  in  a  dilute  aqueous 
solution,  neutral  or  acidulated,  but  assumes  a  deep  purple  colour  on  addition  of  the 
slightest  excess  of  alkali.  One  part  of  phenol-phthalein  in  100,000  parts  of  water  is 
turned  red  by  the  smallest  trace  of  alkali,  and  the  coloration  is  destroyed  by  the 
slightest  excess  of  add.  The  indicator  is  ^prepared  by  dissolving  1  part  of  phenol- 
phthalein  in  30  parts  of  alcohol,  and  of  this  solution  1  or  2  drops  (not  more)  are 
added  to  80-100  c.c.  of  the  liquid  to  be  tested.  (£.  Luck,  Zeitachr.Anal.  Chem,  zri.  382). 

3.  Lof/wood. — F.  I^lba  {Djngl,  pol,  J,  ccxtL  527)  recommends  logwood  as  an 
indicator  in  Tolumetric  analysis  in  place  of  litmus.  The  logwood  is  added  in  small 
chips,  and  the  operation  must  be  carried  out  in  boiling  liauids.  The  slightest  excess 
of  add  changes  the  colour  of  an  alkaline  liquid  coloured  with  logwood  £rom  red  to 
yellowish  green :  conyersely,  the  slightest  excess  of  alkali  restores  the  red  colour. 
For  organic  acids;  however,  litmus  gives  better  results.  The  reaction  with  logwood 
is  quite  distinct  by  gas-light. 

Chlorine  may  be  volumetricall^  determined  in  the  same  liquid  which  has  served 
for  the  determination  of  the  alkah,  if  only  a  very  small  splinter  of  logwood  has  been 
used,  and  the  titration  has  been  effected  with  nitric  acid. 


Specimens  of  this  sodio-caldc  felspar  from  Vesuvius,  fiom  Monta 
Mulatto,  near  Fredazzo,  and  from  Orenbeig  in  the  Ural,  have  been  described  and 
analysed  by  G.  vom  Bath  {2nd  8uppL  612,  613). 


On  the  Quartziferous  Andesites  in  Hungary  and  Transylvania, 
see  Doelte  {Jahrbuehf.  Mmeralogie,  1873,  772).  On  Andesite  containing  Augite  and 
Hornblende  from  Toplitia,  near  Gyorgy  St  Miklos  in  Transylvania,  see  K.  John 
{ibid,  1874,  646 ;  Chem,  8oo.  Jour,  [2],  xiii.  660). 

AMDWLMWBTTMm  A  mineral  &om  Cornwall,  occurring  in  globular  and  occasion- 
ally discoid  forms,  having  a  radiated  structure  Uke  that  of  wavellite,  and  a  dark 
green  colour,  with  a  somewhat  glaucous  cast;  streak  green;  hardness  ^=4;  sp.  gr. 
«  3-476. 

An  analysis  (by  Flight)  of  andrewsite,  freed  as  completely  as  possible  from  a 
brown  mineral  forming  the  nudeus  of  the  globules,  gave 

IVO"       A1"0"       PeO         CnO  I-O"        H^)        MnO        OaO        8iO* 

44-64      0*92      7*11       10-86      2609      879      0*60      0-09      0*49  «   99-69 

which  may  be  represented  by  the  formula : 

2(2Fe*P«0«.Fe«H«0<)  +  3Cufl«0»,  or  2(2Fe«0«.F«0»  +  Fe«0«.HK))  +  8(CuO.H*0), 

supposing  the  sample  analysed  to  have  contained  about  one-third  of  an  equivalent  of 
limonite,  and  a  small  amount  of  silica  proceeding  from  admixed  veinstone. 

Andrewsite  in  many  respects  resembles  dufrenite,  Fe*PH)'.Fe^'0',  but  differs 
from  it  in  containing  a  considerable  quantity  of  copper. 

The  globules  of  andrewsite  are  occasionally  stuaded  with  brighter  green  dystals 
of  ch  alcosideri  te,  which  sometimes  also  encrusts  the  andrewsite  with  a  thin  surfieice 
layer.  The  interior  of  the  globules  is  sometimes  nearly  homogeneous  throu^out, 
consisting  of  radiating  crystalline  fibres  or  minute  prisms,  but  Siey  more  frequently 
contain  a  core  of  a  brown  mineral  much  resembling  xanthosiderite,  and  giving  by 

p^»0»  P^  H"0  SIO"  CSaO  CuO 

73-92        12-28        7-86        1-48        4*31        trace  »  99*84. 

Begarding  the  first  three  ingredients  as  the  true  constituents  of  the  mineral, 
and  a  small  amount  (about  i  moL)  of  ferric  oxide  as  forming  ferruginous  quarts 
with  the  silica,  the  preceding  numbers  may  be  represent^  by  the  formula 
Fe*P«0«  +  2re«H«0<  +  Fe*H«0»,  or  a  moL  of  ferric  orthophosphate  assodated  with 
2  moL  goethite  and  1  moL  limonite. 

The  variation  in  character  presented  by  the  interior  of  the  globules  containing 
this  brown  core  seems  to  have  resulted  from  a  decomposition  proceeding  from  the 
interior  outwards.  In  this  case  the  spherical  andrewsite  is  often  assodated  with 
crystals  of  cuprite,  and  deposited  upon  sprigs  of  native  copper,  round  which,  as  a 
nucleus,  it  seems  to  have  been  formed. 

The  veinstone  on  which  andrewsite  occurs  is  a  highly  ferruginous  quartz,  generally 
oovered  with  limonite^  which  again  is  frequently  encrusted  with  a  thin  coating  of 
vdvely  goBthite  (Maskelyne,  Cfhsm,  8oe,  Jour,  |^2],  xiii.  686). 

AMVniO&f  C^H^K).  The  following  denvatives  of  anethol  have  been  prepared 
ff  aamfaed  hy  Isndolph  (Compt,  ivnd.  ixxxi.  97  ;  \xxn\.  1%^, 
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Jnetiol  Hydride  or  Aniae  Camphor,  G**H**0. — Commercial  anise-oil  jieldfl,  after 
aereral  reetifteatioiiB,  aboat  90  per  cent,  of  pore  anethol  boilinff  at  226^.  To  traxiBform 
this  sabstance  into  anisaldehjde,  about  50  grams  of  it  are  boiled  for  an  hour  with 
SOO  grams  of  nitric  acid  of  13°  B.,  and  the  product  washed,  first  with  water,  then 
with  dilute  soda.  The  oily  body  thus  obtained  amounts,  when  distilled,  to  about  20 
per  cent,  of  the  anethol  employed,  and  is  a  mixture  of  anisaldehyde  and  anise 
camphor,  in  about  equal  proportions.  This  is  agitated  with  sodium-hydrogen  sulphite, 
and  the  crystalline  body  produced  is  washed  with  mixed  alcohol  and  ether  till  it  is 
perfectly  white. 

The  portion  of  the  oily  body  uncombined,  obtained  from  the  alcohol  and  ether 
washings,  yields,  when  purified^  by  distillation,  a  product  boiling  at  190^-193°,  of 
camphorous  odour,  liquid,  and  lighter  than  water.  This  is  anethol  hydride,  or  anise- 
camphor,  isomeric  with  common  laurel-camphor.  When  oxidised  with  potassium 
bichromate  and  sulphuric  acid,  it  yields  an  acid  which  ci^Btallises  in  long  needles, 
mdting  at  175°,  and  exhibiting  the  properties  of  anisic  add. 

The  formation  of  anisaldehyde  and  anise-camphor  from  anethol  is  represented 
by  the  equation : 

2C"H»H)  +   2H»0  +  0  =  C"H»«0  +  0«H«0«  +  0«H*0», 

the  oxidation  being  attended  with  fixation  of  water. 

When  anethd  nydride  is  heated  in  a  closed  vessel  to  186°  for  twenty-four  hours 
with  aleoholie  potash  of  10°  B.,  the  product  treated  with  water,  and  Uie  insoluble 
portion  taken  up  with  ether,  a  viscid,  perfectly  limpid  liquid  is  obtained,  having  the 
composition  C**H**0,  which  is  that  of  a  campholic  alcohol  isomeric  with  Borneo 
camphor.  This  substance  has  a  very  characteristic  odour  resembling  that  of  mould.  It 
is  lifter  than  water,  boils  at  198°,  and  crystallises  easily  at  0°  in  slender  radiate 
neeuee,  melting  at  18°-19°.    It  is  not  dissolved  by  potash. 

Prodmels  of  Condeiuatum, — ^The  essential  oil,  in  portions  of  4  to  5  fframs,  is  heated 
to  185°  for  eilghteen  hours  with  alcoholic  potash  of  10°  B.,  the  alcohol  removed  by 
distfllation,  and  the  residue  treated  with  water.  The  anethol  unacted  upon  is  removed 
by  ether ;  and  the  aqueous  solution  is  treated  with  hydrochloric  acid  and  extracted 
with  ether,  which  is  then  evaporated  of^  and  the  residue  distilled  in  the  vapour  of 
water.  One  product,  which  is  crystallisable,  passes  into  the  receiver ;  another,  which 
is  resinous,  remains  in  the  retort.  The  former  is  easilv  soluble  in  alcohol,  ether,  and 
benzene,  which,  on  eva^ration,  leave  it  as  a  heavy  ou ;  and  slightly  soluble  in  hot 
water,  which,  about  thirty-six  hours  after  cooling,  deposits  it  in  monodinic  plates, 
melting  at  87^*  ftnd  having  the  composition  CH^'O',  which  is  that  of  an  isomeride 
of  the  ethylic  ether  of  anisic  alcohoL 

The  acetyl-4onmHve  of  this  compound  is  easily  obtuned  by  heating  it  to  100°  for 
six  hours  with  acetic  anhydride.  It  is  viscid  and  easilv  decomposed  by  heat.  Its  com- 
position is  represented  by  the  formula  C^R'^O',  which  is  that  of  a  diacetic  ether  of 
a  diphenoL 

The  resinous  body  which  accompanies  the  crvstalline  substance  above-mentioned 
always  forms  at  least  one-half  of  tne  entire  product,  and  if  the  action  be  prolonged, 
and  especially  if  the  concentration  of  the  alcoholic  potash  be  increased,  may  even 
ooostitate  the  sole  product  of  the  reaction.  It  melts  at  65°,  and  has  the  composition 
C**H^*.  Heated  with  acetic  anhydride  it  is  converted  into  a  monacetio  ether, 
C«H"0«,  or  C"H»*(0«HH))0«.  It  has  a  yellowish-red  colour,  yields  a  nearly  white 
powder,  has  a  very  pleasant  odour,  and  mdts  at  about  40°. 

Aotion  of  Photphorus  Pmtaohloride  on  jOm^^.— When  anethol  is  heated  for  five 
or  rix  hours  with  a  slight  excess  of  phosphorus  pentachloride,  a  reaction  takes  place, 
attended  with  only  a  slight  evolution  of  hvdrochloric  acid ;  but  on  subsequently  heating 
the  liquid  over  an  open  fire,  torrents  of  tliat  gas  are  given  off,  and  a  liquid  is  obtained 
which,  after  repeated  rectification  and  washing  with  dilute  soda-ley,  has  the  composi- 
tion of  monochloranethol,  G>*H"C10  : 

0»H>K)  +  PCI*  =  PC1«  +  Ha  +  C»*H»C10. 

This  compound  boils  at  228°-230°,  bums  with  a  smoky  fiame,  has  a  pungent  though 
moderate^  agreeable  odour.  Sp.gr.  » 1*191  at  20°  (that  of  anethol  at  the  same 
temperature  is  0*984).  Exposea  to  a  freesing  mixture,  it  solidifies  to  a  crystalline 
mass  which  melts  at  -4°  to  -8°. 

Monodiloranethol  is  readily  attacked  by  aleoholie  potash,  yielding  two  products  of 
condensation,  analogous  to  those  which  are  obtained  with  anethol  itself.  The  chief 
product*  insoluble  in  water  and  in  potash,  is  a  limpid,  slightly  oily  liquid,  having  a 
very  agreeable,  ethereal,  though  sbghtly  musty  odour,  UIm  that  of  Uie  product  of 
transformation  of  anethol  hydride.  It  boils  at  268°-270°,  and  does  not  solidify  at 
—85°.    its  eompomtioa  Is  r»pre§ented  by  the  formula  C*'H*0*, 
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The  second  oondenfiation-product,  soluble  in  potash,  is  a  Hqnid  phenol  very  diMenlt 
to  purify,  and  yielding  a  solid  potassium  salt.  The  first-mentioned  condensation-pro- 
duct is  completely  transformed  into  the  phenol  by  repeated  treatment  with  alooholie 
potash. 

Products  cf  Seduction,  and  ConstiiuHon  of  Anethol, — To  obtain  the  hydrocarbons 
corre«)onding  with  the  chief  radicles  in  anethol,  Landolph  heated  it  with  amorphous 
phosphorus  and  hydriodic  add  of  sp.  gr.  1*72  to  260^  for  twenty-four  hours  (8  parts 
anethol,  2  of  phosphorus,  and  26  of  hydriodic  acid).  In  this  way,  from  80  grams  of 
pure  ciystallisable  anethol  distilling  at  228^-230^,  there  were  obtained  40  of  a  hydro- 
carbon distilling  at  60^-260^,  and  10  passing  over  at  above  300°,  after  washing  with 
dilute  sulphurous  acid  to  separate  free  iodine.  By  firactional  distillation  an 
octene  and  a  hydrocarbon  of  composition  C*^H^  were  separated  from  the  former  portion, 
boiling  respectirely  at  about  150°  and210°-212°,  after  separation  of  traces  of  benxene 
by  means  of  cold  fuming  nitric  acid,  and  reduction  of  the  resulting  nitro-compounds 
with  tin  and  hydrochloric  acid.  The  octene  had  the  vapour-density  3*91,  calculated 
3*87,  whilst  the  other  hydrocarbon  gave  5*70,  calculated  5'73. 

The  unsaturated  hydrocarbon,  C"H",  combined  directly  with  bromine,  and  was 

S resent  to  the  ertent  of  rather  more  than  one-third  of  the  total  hydrocarbons  formed 
nring  the  reduction,  the  octene  forming  about  one-third.  The  gas  liberated  was 
almost  pure  hydrogen,  containing  not  more  than  two  or  three  per  cent,  of  a  hydro- 
carbon, probably  benzene  or  hexene,  or  possibly  ethane  or  methane. 

The  chief  action  of  hydriodic  acid  on  anethol  may  therefore  be  represented  by  the 
equation : 

2C"H»K)  +  9H«  «  C»H"  +  C"H«  +  2H«0. 

Hence  Landolph  concludes  that  the  formula  of  anethol  should  be  doubled  (not- 
withstanding its  vapour-density,  which  corresponds  with  the  C  formula),  and  that 
the  body  may  be  regarded  as  formed  from  a  hypothetical  aldehyde  (acecampholic 
aldehyde),  0"H^'0,  which  is  itself  derived  from  the  unlmown  acetylene  oxide,  C'HK), 
and  campholio  aldehyde,  G**H^'0,  by  elimination  of  H*0.  By  union  with  anisic 
alcohol,  C*H^^',  and  elimination  of  HK),  this  hypothetical  acecampholic  aldehyde 
gives  rise  to  anethol,  thus — 

C«fl»0«  +  C»H»H)  -  HK)  +  C*H««0«. 

Anethol  is  thus  regarded  as  a  kind  of  acetal:  this  view  of  its  constitution  is  in 
harmony  with  the  results  above  described,  whereby  it  was  shown  that,  on  oxidising 
anethol  by  nitric  add,  there  are  obtained  equal  quantities  of  anisic  aldehyde,  C'H'O*, 
and  anisic  camphor,  C^*H'*0,  with  a  certain  amount  of  acetic  add ;  t.^.,  it  is  made  up 
of  a  C,  a  C^*,  and  a  C  compound  (Landolph,  Con^t,  rend,  Ixxxii.  849). 

AVOB&XC  ACID,  C^H'O^  »  HH)<  I  (Demarcay,   Compt,    rtnd. 

XJH— COOH 
Izxx.  1400).  This  add,  treated  with  bromine,  is  converted  into  a  dibromide, 
OH'Br'O',  isomeric  with  dibromovaleric  add,  the  solution  of  which  in  potash  deposits 
when  heated  an  oil  having  the  composition  of  monobromobutylene,  C^H^r  {let  Svpfl, 
157),  and  sometimes,  und^  conditions  not  yet  determined,  gives  rise  to  the  productioji 
of  an  add  isomeric  with  angelic  acid,  which  is  more  easily  prepared  by  distilling  the 
dibromide  of  angelic  acid.  This  distillation  yields  a  large  quantity  of  gas,  and  an  oil 
which  sometimes  solidifies  in  crystals ;  and  on  dissolving  this  oil  in  potash,  heating 
it  to  the  boiling  point,  separating  it  from  a  small  quantity  of  a  brominated  liquid, 
and  treating  it  with  sulphuric  acid,  the  above-mentioned  isomeride  of  angelic  acid  is 
deposited  as  an  oil  which  quickly  ei^rstallises.  The  crystals,  purified  by  distillation 
and  by  repeated  pressure  between  bibulous  paper,  are  colourless,  have  a  faint  odour 
recalling  that  of  angelic  acid,  dissolve  very  sparingly  in  cold  water,  more  freely  in 
boiling  water,  the  solution  on  cooling  depositing  the  acid  in  a  mass  of  small  shining 
needles.  This  add  melts  at  61°-62°,  and  boils  at  about  194°>196°,  but  the  boiling 
point  rises  a  little  towards  the  end.  Its  ethylic  ether  boils  at  153°-155°,  and  has  a 
sweet  smell  like  that  of  angelic  ether. 

In  all  these  characters,  except  the  odour  of  the  ether,  the  add  in  question  agrees 
with  Frankland's  methyl-crotonic  acid  {lei  8uppl,  828),  and  its  identity  with  that 
add  is  shown  by  the  fact  that,  when  fased  with  potassium  hydrate,  it  is  resolved  into 
acetic  s^d  propionic  adds.  The  repulsive  odour  ascribed  by  Frankland  to  the  ethylic 
el^er  of  methvl-crotonic  add  may  perhaps  have  arisen  £rom  a  trace  of  the  phosphorous 
oUoiride  whidi  he  used  in  prepanng  it. 

The  dibromide  of  metnyf-crotonic  acid  is  identical  with  that  of  angelic  add  (the 

former  was  found  to  boil  between  79°  and  82° ;  the  latter  between  77°  and. 80°),  the 

$WD  addsjielding  the  same  products  by  solution  Vn  poUa&i  asid.  \>^  ^  ^oi^aymoak 
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T^is  idaintitT  may  be  explained  by  sappomng  that  bromine,  in  acting  upon  angelic 
add,  fint  takes  the  place  of  an  atom  <n  hydrogen  situated  near  the  eronp  COOH  (as 
it^  does  in  many  other  cases)  and  that  the  hydrobromic  acid  thereby  formed  unites 
with  the  resnlting  monobrominated  acid,  thus — 

^jOH— CH»       ^^yCR—CE*  CHBr^-CH»  OH— CH» 

^OH— CO«H       ^<IBr— CO«H     HK)-OBr-CO«H      H»C— C— CO«H 
ADffcUo  MonobromangwHc       DUnromide  of  angeUo  or        Methyl-cntonio 

acad.  add.  of  Methyl-crotomc  edd.  edd. 


Native  Lead  Sulphate. — This  mineral  occurs  associated  with 
galena  in  the  Oastle  Dome  district  of  Arizona  (U.S.)  The  unozidised  galena  some- 
times forms  a  nudeus,  but  in  other  cases  it  has  entirely  disappeared,  the  anglesite 
being  arranged  in  continuous  elliptical  or  circular  bands  similiir  to  those  sometimes 
seal  in  agate.  The  transition  in  colour,  due  to  the  progressive  oxidation,  from  the 
central  black  galena  to  the  greyish-white  or  colourless  and  transparent  anglesite,  is 
often  yery  p^ual.  The  sp.  gr.  of  the  light  Tariety  is  about  6,  wnile  in  some  c^  the 
dark  Tineties  it  is  6'44.  Hardness  »  3.  Analysis  showed  that  a  specimen  might  be 
dark  and  yet  contain  but  0*2  per  cent  less  lead  sulphate  than  the  light  variety,  the 
mean  amount  being  98*88  per  cent.  The  difference  in  colour  is  due  to  the  remaining 
1  |Mr  cent.,  which  in  the  dark  specimens  is  made  up  almost  entirely  of  lead  sulphide, 
while  in  the  light  variety  it  is  diiefly  day.  The  anglesite  contains  only  half  as  mudi 
silver  as  the  galena  (Brush,  8iU,  Am.  J.  [8],  t.  421). 

Anglesite  is  also  found  at  Langenstrigis,  sometimes  in  imperfectly  dereloped 
crystals,  sometimes  in  fine  crjrstals  exhibiting  three  distinct  types.  The  commonest 
Iknnns  are  horisontally  prismatic  crystals  of  the  combination  i  Foo  .oo  P.  The  crystals 
of  the  second  ^rpe  are  pyramidal  through  P  and  an  acuter  pyramid,  probably  2P ; 
these  pyramids  occur  either  independently  or  else  in  combination  with  the  prism  oo  P« 
The  crystals  of  the  tMrd  type  aro  the  largest  and  finest ;  they  are  prismatic  parallel 
to  the  Tertical  axis,  and  exhibit  the  combination  oo  P .  oo  j^ .  oo  Poo .  P  oo .  OP.  (Frencel, 
Jakrb.f.  Mm.  1876,  686). 


When  thin  transverse  sections  of  true  Angustura 
bazk  {Cueparia  febrifuga)  aro  examined  under  the  microscope,  and  compart  with 
sections  of  the  fidse  bark  (from  a  species  of  Stryeknos),  both  being  moistened  with 
riToerin,  irregularly  scattered  cells  will  be  observed  in  the  true  bark,  whereas  the 
nJse  bark  presents  two  zones  of  sderogenous  cells,  entangled  with  one  another.  When 
the  sections  an  moistened  with  water,  cells  containingcaldum  oxalate  aro  seen  in 
the  true  bark,  but  they  aro  absent  in  the  false  bark.  When  true  Angustura  bark  is 
moistened  with  nitric  add,  a  granular  substance,  supposed  to  be  cusnarin,  melts  in 
each  cell,  with  disengagement  of  gas,  into  a  red  liquia,  which  finally  cusappean  with 
axeees  of  add ;  but  in  the  false  biurk  the  coloration  spreads  through  the  tissue. 

When  a  thin  section  of  the  suberoos  layer  of  false  Angustura  bark,  first  treated 
with  nitric  acid,  is  immersed  in  glycerin,  the  cells  aro  observed  to  be  rounded,  empty, 
and  coloured  emerald-green  on  the  sides ;  this  appearance  is  not  observed  in  the  suber 
of  true  Angustura  bark  (P.  Caseneure,  PAorm.  X  Dram.  [8],  t.  7). 

See  AmDO-BKWMuia,  under  Bnmira.    . 


OHIiOUM.  Estimation  by  means  of  Sodium  ^fpoeulphite. — 
When  an  aqueous  solution  of  magenta  or  other  aniline  colour  is  mixed  with  a  solution 
of  sodium  hyposulphite  (Schutsenberger^s  hydrosulphite,  let  Suppl.  1063),  the  aniline 
sslt  is  instantly  rMuced,  and  the  solution  decolorised.  This  reaction  may  be  utilised 
for  the  estimation  of  the  tinctorial  power  of  the  rarious  coloured  aniline-derivatives. 

The  strongth  of  the  hyposulphite  solution  is  ascertained  by  titrating  it  against  a 
known  weight  of  the  puro  crystallised  aniline  colour,  after  which  it  is  us^  as  an 
ordinaiy  volumetric  solution ;  some  caro,  however,  is  required  in  the  manipulation  of 
this  reagent,  owing  to  the  rapidity  with  which  it  absorbs  oxygen.  The  operations 
must  be  conducted  in  a  closed  ressel,  from  which  the  air  has  becoi  expelled  by  a  current 
of  carbonic  anhydride,  and  since  the  decolorisation  takes  place  only  at  100^,  the  liquids 
under  examination  must  be  raised  to  the  boiling  heat 

One  molecule  of  the  various  aniline  colours,  whose  comporition  is  accuratdy  known, 
requires  for  complete  decoloration  the  same  quantity  of  hyposulphite  as  that  which 
is  required  to  reduce  two  molecules  of  ammoniacal  coppelr  sulphate.  From  this 
dreumstanoe  it  is  posnble,  if  the  law  obtains  universally,  to  deduce  approximatiyely 
the  molecular  weight  of  any  well-defined  aniline  colour.  Thus  the  *  violet  de  Paris ' 
sod  Hofinann*s  violet  gave  absolutely  identical  rosults ;  the  molecular  weight  of  the 
*  v»t  de  JRu7# '  was  ibniid  to  he  460,  a  Dumber  which  oorrospoiidB  yery  weu  iiVCti  Vlda 
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formula,  C*'E"(CH*)>N'.S(CHK;1)  +  H*0  -  462.  acologoiu  to  that  of '  iodina  gn»& ' 
(1>{  Atpof.  163),  A.  SUdd  (£u;:.  Soc.  Chim.  [2],  vx.  ISl). 

On  till)  ImpuriCiea  and  Adalteralioiii)  of  Aniline  Blqe,  Qreen.  Violet,  YeUow,  and 
Orange,  BOO  Sprinemiihl  (CAbw,  CwKr.  1873, 14D,  207,220.  761.  702;  Cient.  Soe.JoitT. 
[2j.  xii.  an,  612.  834,  835). 

Oa  the  Appeanmces  preneated  by  certaja  Anilme  CdIdqtb  vheo  diSiiaod  on  tha 
Bttrfacoof  Water,  80B0bennejer(P<^.  Aan.  cli.  130;  Chen.  Son.  Jour.  \2\,  xii.  1044). 

Fixim  nf  Aniline  O^Umri, — The  powBr  pnesesmd  bj  silk  and  too!  of  flxing  tbese 
colonn  directly,  vberend  TwetAble  &br;c9  reqnin  pT«TTotis  mordanting  vith  albomia. 
is  attributed  hy  Jaeqaumin  {Compt.  raid.  Inviii.  1306)  to  the  nitrogea  conlAinod  in 
the  animal  ptibstanceB.  Ha  finds  tbat  Ginn-cottDD  in  djed  directly  in  solntiona  of 
faduina  or  of  aniline  blue,  withont  any  dimiantion  of  its  combnetibility. 

Aniline  grera,  hawerar,  appaara  to  poaaesa  but  little  aCRoity  for  wool,  and  thars- 
fore  requires  a  mordant.  For  this  puipoio  0,  Jjinth  (Bull.  Soc.  Chim.  [3],  ni.  401) 
proposes  the  use  of  lelectro-positiva  solphur  prec:ipitat«d  frotn  a  bath  of  sodium  thio- 
sulphiUe  containing  a,  litUe  aloni,  by  the  addition  of  an  acid  ;  Bolphur  depoated  frotn 
its  solution  in  carbon  sulphide,  or  precipitated  from  the  polysnlphides  by  an  acid,  does 
not  BDSwer  the  porpoao.  The  wool,  before  mordanting,  should  be  cloanaed.  and 
treated  with  dilute  liydrochloria  acid  to  remoTe  any  metallic  salla,  which  would 
otherwise  give  a  brown  shade.  Jrom  formatjon  of  metallic  Enlphidsa.  It  is  dyed  in  tbe 
usual  way  in  a  solution  of  the  green  in  hot  water ;  the  shade  can  be  rendered  more  or 
less  yellow  by  the  use  of  picric  acid,  adding  to  the  bath  at  the  same  time  some  ac«tat« 
of  line  or  acetate  of  soda,  accordingly  as  a  yellow  or  a  blue  green  is  required.  Uiied 
fabrics  of  wool  and  cotton  can  be  dyed  by  mordanting  first  with  sulphur  and  then 
with  sumach. 

Od  the  use  of  Size  containing  Tannic  Acid  for  fixing  Aniline  Colours,  Met  DiitgU 
pot.  J.  oeriii.  397  ;  Chem.  Son.  Jour.  [2],  li.  1276. 

On  an  Aniline  Colour  for  Printing  on  Cotton  Qoods,  see  Dingl.  pal.  J.  eev,  ISO. 

On  the  use  of  Aniline  Colours  diBsolved  in  Collodion  for  cotonriitg  Glaii,  Fapar, 
&c.,  see  Springmiihl  (_Dingl.  pot.  J,  ccT,  277 ;  Cl«n.  Soc.  Joar.  [2j,  b,  207)- 

Anllln«  Bluik.  FoniatiiM  by  amuu  qf  Vanadium  Salti,  and  Theory  <ff  (fi 
iVffiucrnni.— Whea  Tsoadious  cklariae  or  anUDDniam  Tftoadale  (I  cgm,]  is  added  to  a 
solution  of  aniline  hydrochlorida  (S  grama)  and  potassinia  or  sodium  chlorate  (S'S  to 
i  grams)  in,  100  grama  of  water,  the  liquid  darkens  at  unce,  and  after  foity-eigltt  boun 
the  whole  <is  the  aniline  ii  converted  into  aniline-black,  tbe  liquid  appearing  almost 
■olid.  Eren  1  part  of  vanadium  is  suiScient  to  convert  l.tHID  parts  of  aniline  hydro- 
chloride into  the  black.  This  peculiar  action  of  vanadium  is  easily  explained,  as  there 
is  no  metal  wbidi  posBBS  more  easily  than  Tsnadium  from  a  higher  state  of  oxidation 
to  a  lower  one,  and  viet  vena.  Thus,  if  tbe  pentoxide  ia  disEolviid  in  hydrochloric 
acid,  it  is  converted  into  vanadious  cidoride.  and  on  evaporating  this  Bolation  in  the 
air  the  pentoxide  is  reproduced.  On  tbe  other  hand,  vanadious  dilnrido  end  potassinm 
cblorids  act  oa  each  other,  chlorine  being  evolved,  and  tbe  vanadium  being  convertsd 
into  tbe  pentoxide,  while  if  this  oxide  Or  a  vanadate  comes  in  contact  with  aniline 
bydrocbloride,  it  is  reduced  to  a  vanadious  compound.  Id  tbe  mixture  of  anilina- 
bfack  these  reactioas  lake  place  in  qoick  succossion. 

This  mode  of  action  Bhowi  that  for  tbe  production  of  aniline-black  only  those 
metals  are  available  which  form  more  than  one  oxide  or  cLIoride,  and  moreover  that 
these  oxides  or  chlorides  must  be  teadUy  cosverlible  one  into  the  other.  Thus  stan- 
nous chloride  cannot  be  used,  and  may  even  be  employed  to  retard  tbe  formatioc  of 
the  black  by  vaDadium,  the  «>lDiir  being  produced  only  after  all  the  stannona  salt  is 
converted  into  stannic  salt.  Tbe  salts  of  iron,  cerium,  and  manganese  act  similarly 
to  vanadium,  while  those  of  nickel,  cobalt,  and  chromium  act  but  slowly,  baton  adding 
p}^  of  a  vanadium  salt  tbe  action  goes  oa  much  more  qdckly.  The  salts  of  the 
lower  oxides  of  nraninm,  tungsten,  and  moljbdcunni  ^v«  also  good  blacks,  but  the 
uranic  ealta  act  as  little  as  tbe  tuagstates  and  molybdatos.  Tbe  black  produced  by 
vanadium  is  identical  with  tliat  obtained  by  copper,  and  contains  no  metsl,  the  bladk 
being  the  result  of  the  action  of  chlorine  or  its  lower  oxides  on  aniline,  and  is  nothing 
bat  de^drated  emeraldiae,  tbe  latter  losing  its  water  not  only  on  a^ing,  but  also, 
like  hydjated  copper  oxide,  on  immersion  in  a  hot  liquid.  Pure  toluidine  is  by  the 
same  reactions  converted  into  toluidine-bronze;  and  toe  common  aniline-black  is  a 
mixture  of  this  body  witb  dehydrated  emeraldine. 

Tbe  reaction  above  described  may  be  used  for  the  detection  of  aniline.  For  this 
purpose  the  eolntion  under  etamination  is  concentrated  with  an  excess  of  hydrochloric 
add,  and  a  drop  of  a  solutiou  of  vanadious  chloride  is  added,  wbich  will  at  once  produce 
Ihs  block ;  on  the  other  band,  aailiae  may  be  osed  as  a  test  for  vanadium,  the  tolutioii 
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bang  mixed  with  hjdzochloric  add,  potassium  chlorate,  and  aniline  hydrochloride ;  if 
the  black  forms  rapodly,  the  presence  of  vanadium  may  be  safely  inferred. 

On  adding  a  Irop  of  a  Tanadiom  solution  to  a  solution  of  logwood  extract  and 
potassium  chKurate,  a  yellow  body  is  formed  dyeing  on  silk  a  splendid  golden-yellow. 
Mj  the  same  reagents,  starch,  gum,  and  isinglass  are  converted  into  yellow,  trans- 
parent substances  (A.  Guyard,  BuU,  8oe.  Chim.  [2],  xxv.  68).  See  also  Kosenstiehl, 
ibid,  866 ;  Okem.  8oe,  Jour.  1876,  ii.  316. 

In  the  preparation  of  thidcened  colours  for  printing,  the  quantity  of  vanadium 
employed  for  the  formation  of  aniline-black  should  be  very  small  in  comparison  with 
the  weight  of  aniline-salt  employed,  a  quantity  not  exceeding  nj^  to  ^^^^  of  the 
weight  of  aniline  hydrochloride  being  sidlcient  for  the  purpose.  The  use  of  vanadium 
instead  of  eopper  in  this  proceess  has  the  following  advantages : — 

1.  Improvement  in  tke  richness  of  the  black,  and  clearness  of  the  impression. 
8.  Avoidimce  of  the  attacking  of  the  rollers.  8.  Facility  of  regulating  the  duration 
of  the  oddation.  4.  Lengthened  preservation  of  the  thickened  colours.  6.  More 
simple  and  economical  preparation.  It  is  estimated  that  the  cost  for  vanadium  should 
not  exceed  one-eleventh  of  that  for  the  copper  hitherto  employed  (G.  'Wltz,  Campt. 
rauL  Ixxxiii.  348). 

According  to  Eruis  (Dingl.  pol,  J.  ccxxii.  347),  the  black  obtiuned  by  the  use  of 
cerium  salts  exceeds  all  other  aniline-blacks  in  depth  and  brilliancy,  and  a  very  small 
quantity  is  sufficient  for  its  production. 

According  to  Rosenstiehl  [Compt,  rend,  Ixxxi.  1267)  aniline-black  may  be  formed 
on  tissues  by  the  a^ncy  t>f  active  oxygen  alone,  without  the  use  of  chlorates  and 
metallic  substances,  if  the  condition  of  steaming  be  not  insisted  on. 

Formatum  by  Eieetrolyns. — ^A  galvanic  current  passed  through  a  solution  of  the 
hydrochloride,  rolphate,  or  nitrate  of  aniline  causes  a  deposit  on  the  positive  pole,  of  a 
colouring-matter,  which  is  green  at  first,  but  afterwards  becomes  violet,  and  finally  deep 
indigo.  Aniline  tartrate,  oxalate  and  acetate,  do  not  yield  this  colour,  but  give  only 
a  brown  deposit.  When  the  aniline-salt  is  completely  decomposed,  the  solution  is 
colourless.  The  negative  electrode  becomes  black,  and  a  slight  black  deposit  is  thrown 
down  in  the  liquid. 

The  deposit  on  the  pomtive  pole,  after  purification,  is  a  beauUfhl  black  metallic- 
loddng,  crystalline  body.  It  cannot  be  sublimed,  and  is  insoluble  in  water,  alcohol, 
uid  bracene ;  it  is  not  altered  by  boiling  dilute  adds,  except  by  strong  acetic  add, 
which  turns  it  green.  It  can  neither  be  oxidised  nor  reduced,  and  is  not  attacked  by 
any  ordinary  reagents.  It  is  changed  by  boiling  with  alkalis,  for  after  the  action  a 
hhie  colouring^matter  may  be  extracted  with  al«>ho],  which  is  turned  green  by  am- 
monia and  ydlow  by  adds.  It  dissolves  in  strong  sulphuric  acid  with  a  violet,  blue, 
or  green  colour,  depending  on  the  energy  of  the  action.  Water  added  to  this  solu- 
tion produces  a  green  precipitate  ;  and  the  filtrate  from  this  predpitate  contains  a 
red  body,  the  alcoholic  solution  of  which  gives  a  rose  colour  with  ammonia,  showing 
fluorescenoe  like  napthalene-red.  The  green  precipitate,  when  treated  with  caustic 
potesh,  becomes  deep  blue,  and  is  decolorised  by  nascent  hydrogen. 

The  Uack  electrolytic  depodt  contains  nitroffen.  It  has  a  moro  intense  black 
ooloar  than  commercial  anilfne-black  (Gk>ppelsroeder,  Compt.  rend  IxxxiL  881).  See 
also  Ooquillon  {ibid  Ixxxi.  408  ;  Chem.  Boo.  Jour.  1876,  i.  266). 

Compoiiiion  of  AnHm&-Black. — The  black  prepared  by  electrolysing  an  aqueous 
sdlution  of  puro  aniline  hydrochloride,  and  purified  by  successive  treatment  with 
water,  alcohol,  and  ether,  gave,  as  the  mean  of  eleven  analyses :  carbon  71  '866 ; 
hydrogen  6*241;  nitrogen  16*327;  chlorine  8'941.  These  results  agree  with  the 
fomraU,  C*^H**N*C1*,  and  accordingly  this  black  ma^  be  regarded  as  a  chloride, 
the  base  of  which  is  the  tetramine  C'*H*N\  which,  like  other  polybases  of 
the  aromatic  series,  readily  forms  monobasic  salts  (Goppdnoeder,  Compt.  rend,  Izxxii. 

Nietski  {Deut.  Chem,  Gee,  Ber,  ix.  616)  has  analysed  aniline-black  prepared  by 
^MMJat^  an  aqueous  solution  of  aniline  hydrochloride,  j^otasdum  chlorate,  copper  sul- 
phate^ and  ammonium  chloride.  The  p]x>duct  was  purified  by  dissolving  it  in  aniline, 
poredpitatinff  with  hydrochloric  add,  and  boiling  the  dried  predpitate  with^  alcohol 
and  oihite  hydrochloric  acid.  It  gave  on  analysis  numbers  agreeing  approximately 
with  the  formula  0^^"N*.HC1.*  Assuming  tlus  to  be  its  true  composition,  aniline- 
black  may  be  regarded  as  the  hydrochloride  of  a  base  formed  as  follows : — 

8{C«H»JfH«)  -  N»(C«H*.H)»  +  8H«. 
A  bo^  thus  constituted  must  contain  three  replaceable  atoms  of  hydrogen. 

•  JhBtaeecithieMBltegreeeinpeneatMge  oomporition  with  that  lailyMdbi  QoVB«teiQ«a«c. 


d6  AlflLlNE-GftEEN— AWILINE-RED. 

Attempts  to  introduce  ethyl  or  methyl  into  aniline-black  have  hitherto  &iled,  but  on 
boiling  the  £ree  base  with  aniline,  it  undergoes  a  remarkable  alteration,  and  afterwards 
giyes  up  to  alcohol  a  bluish-purple  substance,  the  hydrochloride  of  a  new  base,  the 
composition  of  which  has  not  yet  been  determined. 

Aniline-black  heated  in  the  water-bath  with  fuming  sulphuric  add,  is  converted 
into  a  sulphonic  acid,  which  dissolves  with  dark-green  colour  in  water,  and  forms 
with  alkalis  ink-like  solutions,  from  which  acids  precipitate  it  in  greenish-black  flocks. 
The  salts  of  this  acid  have  not  been  obtained  in  the  crystalline  state  (Nietzki). 

On  the  Dyeing  of  Wool  with  Aniline-black,  see  JHngl.  pol,  J.  cex,  158. 

On  the  Combination  of  Aniline-black  with  other  Colours  on  Cotton,  see  Kielmeyar 
{Dingl,  pol.  J,  ccxvi.  361 ;  Chem,  8oc,  Jour,  1876,  i.  816). 

Blue  Colour  produced  from  JnUine-Black, — ^When  aniline  is  heated  with  aniline 
black,  a  blue  colourins  matter  is  formed,  which  is  obtained  pure  by  boiling  the 
crude  black  with  alconol,  and  treating  the  residue  with  soda  to  obtain  the  base, 
which  is  converted  into  the  acetate  by  moisteninp^  it  with  acetic  acid.  The  dry 
acetate  is  heated  with  8-10  times  its  weight  of  aniline  to  160^-180^  for  6-8  days. 
The  product  is  then  treated  with  an  excess  of  dilute  hydrochloric  acid,  which  does  not 
dissolve  the  hydrochloride  of  the  new  base.  The  latter  is  obtained  in  the  firee  state 
by  the  action  of  soda,  and  purified  by  dissolving  it  in  ether,  precipitating  this  solution 
with  hydrochloric  acid,  and  repeating  this  process.  The  free  base,  which  has  either 
the  formula  C*'H*'N*  or  C**H*^N*,  but  probably  the  former,  dissolves  in  ether  with  a 
magenta-red  colour. 

C''H''N'.C1H  crystallises  from  hot  alcohol  in  needles  having  a  coppery  lustre, 
while,  by  precipitating  the  ethereal  solution  of  the  base  with  hydrochlonc  acid,  it  is 
obtained  as  a  aystalline  violet  powder  with  little  lustre. 

C^H»N».IH  is  a  very  similar  compound,  and  C*H"N».C«H»(NOf)H)  is  obtained  as 
a  crystalline  precipitate  by  adding  an  aqueous  solution  of  picric  acid  to  an  alcoholic 
solution  of  the  hydrochloride.  ((^■•H""N».CaH)*PtCl*  is  a  violet  crystalline  predpi- 
tate,  sparingly  soluble  in  alcohol,  insoluble  in  water  (Nietzki,  DetU.  Chem.  Qes,  Ar, 
ix.  1168). 

▲nilina-OreeBa  Appenzeller  ^Deut.  Chem,  Gee,  Ber,  vi.  965)  has  examined 
an  aniline-green,  manufactured  by  Binscheider  and  Busch  in  Basel,  and  occurring  in 
commerce  in  splendid  crystals,  which  are  readily  soluble  in  water,  and  are  dirtin- 
guished  by  the  purity  and  richness  of  their  colour.  It  has  the  compontion 
C?»H"(CH»)»a*N».HK)  +  ZnCl«,  being  a  double  salt  of  zinc  chloride  and  an  aniline- 
green  which  di£&rs  from  Hofinann's  and  Oirard's  iodine-green  onlv  bj  oontaining 
chlorine  in  place  of  iodine  {vert  de  Paris,  p.  87)*  When  treated  with  silver  nitrato 
it  is  converted  into  a  nitrate  of  analogous  composition,  which  has  the  same  green 
colour.  The  chlorine-compound  dissolves  in  acids  with  a  yellowish-brown  colour,  but 
the  original  green  is  restored  on  adding  a  large  quantity  of  water.  The  water  con- 
tained m  the  crystals  is  given  off  only  when  the  compound  is  left  in  a  vacuum  for  a 
considerable  time,  and  must  therefore  be  regarded  as  constitutional  water.  The 
constitution  of  the  compound  may  accordingly  be  represented  by  the  formula : 


C^*<^iOT)^Io^.>=(CH^=- 


On  the  Fixing  of  Aniline-green,  see  p.  88. 

On  the  Dyeing  of  Straw  with  Aniline-green:  Hartmann  (Dingl,  pol.  J.  cevi.  246 ; 
Chem,  8oo.  Jour.  [2],  xi.  805). 

▲nilina-Oray.  A  ver^  fine  grey  is  produced  on  cotton  &brics  by  printinff  with 
a  colour  prepared  by  dissolving  625  grams  of  potassium  chlorate  in  8 1  litres  of  boil- 
ing water,  and  stirring  into  the  liquid,  after  cooling,  6|  litres  of  gum-water,  1312*5 
grams  of  sal-ammoniac,  1500  grams  of  potassio-chromio  tartrate  of  30°  Baum^  200 
grams  of  aniline,  and  1160  grams  of  tartaric  acid.  The  whole  is  well  stirred  up,  the 
salts  then  dissolving  completely.  The  potassio-chromic  tartrate  is  prepared  hj  dis- 
solving 960  grams  of  potassium  dichromate  in  3  litres  of  warm  water,  cooling  the 
liquid  to  35°  B.  (43*75°  C.)>  And  stirring  into  it  1440  grams  of  finely  pulverised  tar- 
taric acid  (alcohol  or  sugar  might  make  a  cheaper  reducing  agent).  The  printing 
should  proceed  continuously,  and  not  stop  until  the  last  piece  leaves  the  dry  plates. 
The  pieces  are  then  hung  up  for  48  hours  m  a  warm  room  (temperature  about  32°  0.) ; 
washed  and  rinsed  for  an  hour,  then  dried  and  finished.  Light  shades  may  be  pro- 
duced by  dilution  with  gum-water  (E.  Laiiber,  Dingl,  pol.  J,  ccxi.  490). 


A  new  aniline  dye  of  a  fine  purple-red  colour  has  been  prepared 

l^  adding  ammoiUMal  euprie  hydrate  to  aniline  acetate,  then  aalMcalvo^  mtK  suI- 
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phurie  acid,  and  remoying  the  axnmoniiim  trolphata  by  cxTstalliaation  (E.  Ferriire, 
CompL  rend,  IzxviL  6i6). 

AVSUVa  TAZUWOS,  BASB  OBTAOraB  mOM  (G.  L.  JaoksoD, 
Deut,  Chem.  Gea.  Ber,  yiii.  968).  By  distiUiiig  a  quantitr  of  higK-boUing  aniline  oils, 
from  the  fiictozy  of  Martins  and  Mendelsshon-ifartholay,  in  Rnnunelebnig,  a  dark 
tarry  flnid  was  obtained  as  the  last  portion.  This  was  dissolved  in  warm  hy£ochlorio 
add,  and  the  solution  diluted  with  water,  and  filtered  through  seTeral  wet  filters,  to 
remove  dark  oils.  After  evaporation,  caustic  soda  set  free  an  oil,  beginning  to  boQ 
at  220^,  but  soon  passing  over  at  a  temperature  above  the  limit  of  the  merenrial 
thannometer.  The  lower  fractions  consisted  of  xylidine  and  its  homolognes,  whilst 
the  fraction  boiling  at  280®  to  320°,  Aimished  wiUi  dilute  sulphuric  acid,  the  diffi- 
cultly soluble  sulphate  of  naphthylamine,  and  a  black  oil,  which  was  separated  from 
the  salt  by  washing  with  alcohol.  The  alcoholic  solution,  when  concentrated  bv 
•▼apozation,  dq^itod  the  oil,  which  became  a  crystalline  mass  on  treatment  with 
stroQg  nitric  acid ;  this  was  purified  by  solution  in  water,  precipitation  by  strong 
nitzic  acid,  and  finally  by  crystallisation  from  alcohol.  The  salt  thus  obtained  had 
the  composition  of  the  nitrate  of  a  base,  G'^H^'N,  or  G"H".NH*.  The  free  base  is 
precipitated  in  white  flakes  when  a  solution  of  the  nitrate  is  treated  with  caustic 
Boda ;  it  dissolves  in  alcohol  and  ether,  being  regained  from  the  solutions  thus  formed 
as  a  brown  oil ;  with  chloroform  and  alcoholic  potash  it  gives  an  odour  like  that  of 
phe^lie  isocyanide,  whence  it  is  a  primary  amine. 

The  nUraU  crystallises  in  white  stellate-  needles,  which  are  difficultly  soluble  in 
water,  but  more  readily  in  alcohol,  and  insoluble  in  nitric  acid.  Treatment  with 
exoeas  of  nitric  add  converts  it  into  a  red  mass  resembling  rosaniline,  from  which  it 
Is  difficult  to  obtdn  the  salt  quite  white.  The  tulphaU  ciystallises  in  round  effii^^ 
gates  of  white  needles,  and  is  very  soluble  in  water.  The  hydrocMorids  crystaHises 
from  a  sliffhtly  add  aqueous  solution  in  long,  fiat,  white  needles,  soluble  in  water 
and  in  aloonol,  and  almost  insoluble  in  strong  hydrochloric  add ;  its  neutral  solution 
becomes  somewhat  decomposed  on  heating.  TheplaHnoohloride,  2(G"H"N.HGl).PtGl^ 
forms  &n-l]ke  groups  of  dear-yellow  neiedles,  half  a  centimeter  long ;  it  is  slightly 
soluble  in  water,  more  so,  though  yet  sparingly  soluble,  in  alcohoL  The  alcoholic 
sdlntion  decomposes  when  heated. 

On  treatment  with  a4)etyl  ehlande^  the  base  forms  an  acehrl-derivative, 
0^ffi"J^.G'fl*0,  crystallising  in  white  needles  which  mdt  at  114'2<' ;  it  is  insoluble 
in  water,  but  readily  soluble  in  alcohol  and  ether. 

The  base  is  probably  amidophenyltoluene,  ^^'^'Jwh'  ;  ^^^  ^^  quantity 
obtoined  was  not  suffident  for  the  exact  determination  of  its  constitution. 

janmrnaetAxmrn*  See  Braikb  {2nd  Suppi.  188). 

JkMMMMXTM,  This  name  is  given  to  a  group  of  carbonates,  approaching  very 
nearly  to  bitter  spar,  but  diffisring   therefrom  in  respect  of  their  high  percentage 

of  ferrous  carbonate.  Their  general  formula  is  woLMff^GK)*!'  '  ^▼^S  ^^ 
difbrent  values.    Normal  ankerite  has  the  formula  /n^|y^\Qso«  [ » ^^  normal  paran 

^^'^"^  ^  2(%LMff\cO'  ( *  ^^**  minerals  are  found  in  the  coal-formation  of 
Bohemia;  normal  ankerite  also  at  Eull  in  the  Eifel  (Boriky,  Jahrb,/,  Min.  1876, 
660).    Gompare,  i.  307 ;  Ist  Suppl,  176. 

AjromTBXTB,  OaAl>Si>0*  or  GaO.SiO< -f  Al*0*.SiO'.  This  mineral  occurs, 
together  with  monticeUite,  on  the  Pesmeda  Alp  on  Mount  Monsoni  in  'T^l.  ItH 
occurrence  there  is  very  remarkable,  as  it  has  not  hitherto  been  found  on  the  Alps  in 
well-defined  crystals,  and  its  occurrence  in  contact-strata  is  confined  to  a  few  localities, 
«^.,  as  so-called  amphodelite  at  Logo  in  Finland.  The  crystals  of  anorthite,  which 
attain  a  nze  of  20-26  mm.,  have  an  unusual  appearance,  which  renders  their  deter- 
mination very  difficult.  Many  of  them  have  a  large  number  of  faces ;  others 
eihibit  the  combination  OP  .  2j^,ao  .  oo  'F  .  ^P^ .  Instinct  twins  have  not  been 
observed.  Of  the  two  following  analyses  (1)  is  of  fiesh-coloured,  fresh  anorthite, 
accompanied  by  chabante;  sp.  gr.a 2*686;  (2)  white,  somewhat  weathered;  sp.  gr. 
B  2*812. 

aO«.  A1H>».  CaO,  H«0. 

1.)    4118        86-66        19-66        277   -     99-16 
^2.)    4017        36-61         21-66        4*66  «   101*90 

(G.  vom  Bath,  Jakrbuehf.  Mineralogie,  1876,  416). 

On  the  GrystaUine  Form  and  Twin-laws  of  Anorthite,  see  O.  vom  Bath  (Poffff.  Amn, 
eadvii.  22-53;  Jahr^u^f.  Mineralogi$,  187S,  7S). 
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AWTBOXiXTB  or  AWTB09HT&&ZTB.  This  variety  of  hornblenda  (liL 
169)  lias  been  fonnd  at  Star  Bock,  Concord,  Delaware^  exhibiting  the  following  com- 
position :— 

SiO".     AlH)*.    FeO.    MnO.    OaO.     MgO.     Na"0.    K*0.    H*0. 
6612    0-56    8-20    0.33    0*76    81*18     1*66     I'dl     2*21   »   100*90 

(A.  B.  Leeds,  SiU.  Am.  J,  yi.  22). 


iOWMM,  C**H^^    The  formation  of  this  hydrocarbon  from  benzyl- 
tolnene,  C*H*--aEP— 0>H«— Ofl*,  shows,  as  already  observed  I2nd  Snppl.  82),  that  it 

C«H*-CH 
cannot  hare  the  constitution  I  II    originally  assigned  to  it  by  Graebe,  which  in- 

deed belongs  to  the  isomeric  body  phenanthrene  (ibid,  84),  but  that  it  mnst  be  repre- 


'^T^ 


sented  by  the  formula  CH^  I     \G*H\  its  formation  from  benzyl^tolnene  being,  in 

fact,  easily  explained  b^  aid  of  this  formnla,  if  we  suppose  that  this  latter  hydrocarboo 
belongs  to  the  ortho-series  (1:2).  On  the  other  hand,  the  relations  between  bensyl- 
toluene  and  tolyl-phenyl  ketone  {2nd  Suppl,  939),  as  hitherto  understood,  seem  to 
show  that  benzyl-toluene  belongs  rather  to  the  para-series.  For,  aocordingj  to 
Kollarits  a.  Mens,  solid  tolyl-phenyl  ketone,  heated  with  soda-lime,  is  resolved  mto 
benzene  and  paratoluic  acid,  whence  it  must  be  a  para-compound ;  and  this  sama 
ketone  yields  by  oxidation  a  benzoyl-benzoic  add  identical  with  that  which  is 
obtained  by  oxidation  of  Zincke's  benzyl-toluene  {ibid,  183),  whence  it  would  appear 
that  this  benzoyl-benzoic  acid,  and  the  benzyl-toluene  from  which  it  is  formed,  are 
also  para-oompounds.  This  apparent  contradiction  is  however  removed  by  the  obser- 
vation of  Plascuda  a.  Zincke  {Deut,  Chem,  Get,  Bar,  vi.  906),  that  Zincke's  boizyl- 
toluene  is  a  mixture  of  two  isomeric  compounds,  inasmuch  as  it  yields  by  oxidation  a 
mixture  of  parabenzoyl-benzoic  acid  with  an  isomeric  acid  (jS-benzojrl-benzoie  acid). 

Further^hr  a.  van.  Borp  have  shown  {Dmt,  Chem,  Gea,  Ber,  vii.  17)  that  liquid 
tolyl-phenyl  ketone  oxidised  with  potasssixmi  dichromate  and  sulphuric  acid 
yields  3-benzoyl-benzoic  add  as  well  as  the  para-  add,  and  that  this  same  ketone, 
when  oxidised  with  manganese  dioxide  and  sulphuric  add,  yields  anthraquinone  (and 
TOobably  anthracene  as  intermediate  product),  together  with  parabenzoyl-benzoie  add. 
This  reaction  indicates  a  relation  between  anthracene  and  jS-benzyl-toluene. 

Solid  Udyl-pheilyl  ketone,  on  the  other  hand,  oxidised  with  potassium  dichromate 
and  sulphuric  add,  yields  parabenzoyl-benzoie  add ;  with  manganese  dioxide  and  sul- 
phuric add  it  yields  a  large  quantity  of  parabenzoyl-benzoie  add  and  a  small  quantity 
of  iS-benzoyl-benzoic  add,  but  not  a  trace  of  anthraquinone. 

The  liquid  ketone  heated  with  zinc-dust  yields  benzoyl-toluene,  which  however  is 
immediately  converted,  by  elimination  of  hyiragen  and  condensation,  into  anthracene ; 
but  when  tne  solid  ketone  is  similarly  treated,  this  condensation  does  not  take  place, 
the  product  being  pure  benzyl-toluene^  which  remains  unaltered  when  passed  through 
a  red-hot  tube  flUed  with  pumice,  whereas  the  mixture  of  the  two  benzyl-toluenes 
obtained  by  Zincke's  process  yields  a  large  quantity  of  anthracene. 

The  relations  between  the  several  compounds  above  mentioned  may  be  farther 
shown  by  the  following  table : — 


0  (probably  ortho-}  benzyl-toluene. 
Benzovl-benzdc  aoid,  m.  p.  86^. 
Liquid  tolyl-phenyl  ketone. 
Anthracene. 
Anthraquinone. 


Parabenzyl-toluene. 
Benzoyl-benzoic  acid,  m.  p.  194^« 
Tolyl-phenyl  ketone,  m.  p.  67°. 


That  anthracene  is  not  a  para-derivative  of  benzene  is  shown  by  the  follow- 
ing reactions :  (1)  Paraben^l-toluene  heated  to  redness  does  not  yield  anthracene. 
(2)  Ptoaben^l-toluene  oxidised  with  manganese  dioxide  and  sulphuric  add  does  not 
yield  anthraquinone.  (3)  Piarabenzyl-toluene  passed  over  lead  oxide  or  due -dust  is 
not  converted  into  anthraquinone  or  anthracene,  whereas  i9-benzyl-toluene  dmilarly 
treated  does  yield  these  derivatives. 

CH 
Anthracene  may  therefore  be  represented  by  the  formula  C^H^J    \c*H*,  in 

which  the  two  CH-groups  occupy  the  ortho^positions  with  respect  to  the  groups  (>H* 
(see  diagram,  p.  96);  and  the  assumption  formerly  made  that  benzyl-toluene  is  a  1  :  3 
aenvatiye  of  henxeDe  {2nd  Buppl,  82)  may  now  be  \uid&r«iUKyi  «a  «.\s^V^Id^  to  tK« 
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^modification  of  that  hjdrocarbon,  which  belongs  to  the  same  series  as  liqnid  tolyl- 
(henyl-ketone  (Behr  a.  Tan  Dorp,  Deut,  Chem.  Qea,  Ber.  tIL  16). 

Preparaium, — In  prej^ng  anthracene  from  tar,  instead  of  stopoing  the  distilla- 
tion at  the  point  where  pitch  remains  in  the  retort,  it  is  better,  acoonung  to  Vemnann 
(Drngk  pel.  J.  ocriL  72),  to  pnsh  the  operation  to  the  end,  so  that  nothing  remains 
but  a  dense  ooke,  The  yield  of  anthracene  is  then  2  per  cent,  instead  of  only  ^  per 
cent,  of  the  tar.  The  dead  oil  is  separated  from  the  distillate  by  strong  pressure,  and 
the  pnlTerised  residue  is  washed  with  petrdenm  spirit  (b.  p.  70^-90^),  and  again 


Bttmation, — ^The  most  exact  method  of  estimating  the  proportion  of  pnre  anthra- 
cene in  the  erode  commercial  article  is  to  oonrert  it  into  anthraqninone.  This 
method  presents  the  following  advanta^:  (1^  Anthracene  dissolyed  in  glacial 
acetic  add  and  boiled  with  chromic  anhydride  ^elos  the  theoretical  quantity  of  anthra- 

auinone.  (2)  This  quinone  is  not  frirther  oxidised  by  long-continued  treatment  with 
tie  chromie  sdntion ;  and  (3)  All  other  substances  usually  associated  with  anthracene 
in  the  eommereial  article,  even  chrysene  and  paraffin,  are  changed  by  the  long-con- 
tinned  action  of  chromic  anhydride  into  compounds  which  are  soluble  in  alkaline 
■ohitioDe,  and  can  thus  be  separated  from  the  anthraqninone. 

A  gram  of  the  anthracene  to  be  examined  is  dissolved  in  46  cc  of  boiling  glacial 
aoetie  add,  filtered  if  necessary,  and  then  a  solution  of  10  grams  of  chromic  anhydride 
in  6  e.c  g^adal  add  and  5  cc  water  is  gradually  added,  until  a  slight  excess  of 
ehxomio  add  remains,  even  after  long  boiling ;  this  may  be  readily  ascertained  by  the 
zed  spot  of  silyer  chromate  which  will  be  produced  on  the  surface  of  metallic  nlver 
l^  a  drop  of  the  liquid.  It  is  then  left  to  cool,  diluted  with  150  cc  water,  and,  after 
bdng  aUowed  to  stand  for  some  time,  the  quinone  is  collected  on  a  filter  and  washed, 
first  with  water,  then  with  a  very  dilute  alkaline  solution,  and  finally  with  water ; 
0-010  gram  must  be  added  to  the  weight  of  the  quinone  dried  at  100®»  being  the  loss 
oooadoned  by  its  solution  in  the  dilute  add  Q3.  Luck„i>9tt<.  CKem,  On,  Bmr,  vi.  1847). 
See  also  Paul  a.  Cownley  {Chem,  Newt,  xxviii.  176) ;  B.  Lucas  {ibid,  xxx.  190 ;  Nicol, 
ZeiUokr.  Jmtal  Chem,  xix.  818;  Chem.  8oe,  J,  1876,  ii  668;  J.  T.  Brown,  Chem. 
Urnst,  xxxiT.  186;  Chem,  8oo,  J,  1877i  i.  283;  Versmann,  Chem,  Newi,jaadY,  171, 
191,  201 ;  Chem.  8oe,  J,  1877,  i.  847). 

FUioreeoence  of  Jnihraeene, — ^When  anthracene  in  either  of  its  forms— «.^.  the 
olive-green  commerdal  variety,  the  light-brown  variety,  the  snow-like  powder,  or  the 
peariy  scales  obtained  by  repeated  crystallisation — is  illuminated  by  a  beam  of  sunlight 
which  is  condensed  by  a  lens,  and  also  passes  through  a*  cell  containing  a  solution  of 
ammonio-oupric  sulphate,  a  fiuorescent  light  is  emitted,  which  whei^  examined  hr  a 
speetroeoope,  gives  a  Bi>ectrum  consisting  of  four  bright  bands  separated  bv  darker 
intervals.  The  first  bright  band  is  situated  in  the  red,  the  second  m  the  yellow,  and 
the  two  others  in  the  green.  Absolutely  pure  anthracenei  however,  when  examined  as 
above,  exhibits  a  blue  fiuorescence,  and  gives  a  perfectly  continuous  apectrum.  Hence 
it  is  probable  that  the  bright  band  spectrum  is  due  to  uie  presence  of  ehiysogen  in  the 
ordinazy  samples  of  anthracene  (l«t  Suppl.  469).  Anthracene  oontaining  ehiysogen 
also  gives  a  very  characteristic  absorption-spectrum,  showing  two  strongly-marked 
bands,  one  at  F,  the  other  towards  G,  and  a  less  defined  one  at  G,  with  a  total  ex- 
tinction of  all  rays  at  a  pdnt  slightly  beyond  G. 

If  a  sample  of  ordinary  commercial  anthracene  be  dissolved  in  benzene,  its  solution 
shows  a  brilliant  green  fiuorescence,  which,  on  examination  with  the  spectroscope, 
gives  a  spectrum  (MP  the  same  character  as  the  solid,  with  the  exception  tiiat  all  Uie 
OKoda  are  shifted  towards  the  violet  end  of  the  spectrum  (H.  Morton,  Chem.  Newt, 
XXVL199). 

Beaetiont  with  Chlorine  and  Iodine. — When  anthracene  was  digested  for  some 
days  with  antimonv  pentaohloride,  a  current  of  chlorine  being  at  the  same  time  passed 
into  the  mixture,  tne  greater  part  of  the  anthracene  was  carbonised,  but  on  subjecting 
the  product  to  distillation  it  was  found  to  yield  a  crystalline  sublimate.  A  portion  of 
this  sublimate  dissolved  in  hot  benzene,  from  which  it  separated  in  ciystalhne  crusts 
which  mdted  at  236^  247^  and  252°  after  one,  two,  and  three  crystallisations.  That 
portion  of  the  sublimate  which  was  insoluble  in  benzene  yielded,  on  sublimation, 
beautifbl  needles,  which  melted  above  330°,  and  contained  an  amount  of  chlorine 
nearly  agreeing  with  that  -required  by  the  formula,  C'*C1*H*.  It  is,  however,  pro- 
bable thftt  this  substance  is  either  derived  from  •  some  impurity  in  the  anthracene 
onplqved,  or  from  a  hydrocarbon  formed  by  the  polymerisation  of  anthracene,  and 
that  the  true  hexchloranthracene  is  to  be  found  in  the  portion  soluble  in  benzene. 

When  anthracene  is  fhsed  with  iodine,  hydriodic  acid  is  evolved,  even  if  the  tem- 
perature does  not  rise  above  166°,  and  the  greater  part  of  the  anthracene  is  carbonised ; 
but  a  small  portion  of  matter  soluble  in  bemeene  or  acetic  add  is  produced.    When  a  m- 
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lution  of  iodine  in  nhanol  is  boiled  with  anthiaoene,  hjdziodie  aoid  ii  etfolrad.  Mm 
definite  results  might  perhaps  be  obtained  by  moderating  the  violenoe  of  the  rmfticiin 
and  assisting  the  action  dT  the  iodine  by  an  oxidising  agent  (B(Jas,  Ckem,  Ikm^ 
xxviii.  167)* 

Jetton  of  CUorookromie  AoicL^^TiuB  oomponnd,  added  to  a  solntioa  of  anUmene 
in  glacial  acetic  acid,  oxidises  it  to  anthraqninone,  which,  when  predpitatad  iritk 
water,  washed,  dried,  and  subsequently  sublimed  or  crystallised  from  aJeohol,  is  ob- 
tained in  splendid  needles  (Qaller,  Compt  rend.  Ixxxiy.  568). 

JcHon  qfNUfic  Acid, — ^According  to  E.  Schmidt  {Dmt,  Ch8tn»  Gea.  Ber,  tiL  800X 
the  mono-  and  dinitzoanthracene  described  by  BoUey  (7nd  StjppL  88)  as  prodaead  liy 
the  action  of  nitric  add  on  anthracene  haye  no  existence.  'Aie  supposed  monooitii^ 
compound  is  in  reality  a  compound  of  dinitro-anthraquinone  and  chrysene,  and  is  pn- 
dueeid  only  with  certain  Tarieties  of  commercial  anthracene,  those  namely  which  ec» 
tain  hydrocarbons  of  higher  order.  Perfectly  pure  anthracene,  when  treated  with 
nitric  acid,  does  not  yield  a  trace  of  any  mtrated  anthracene,  but  only  the  wiQ> 
known  oxidation-products,  anthraqninone  and  dinitro-anthraquinone.  The  statemsat 
of  Phipson  {Oompt.  rend.  IxxtL  674)  that  nitro-anthracene  is  formed  fay  treating 
anthracene  with  strong  nitric  acid,  is  also  very  doubtitil,  inasmuch  as  ha  BMNiy 
obtained  a  visdd  mass  which  he  did  not  attempt  to  purify,  but  treated  at  onee  with 
tin  and  hydrochloric  add,  whereby  he  obtained  a  basic  compound,  the  so-called  aa- 
thracenamine  (2nd  Suppl.  81 ).  Schmidt,  on  repeating  the  experiment^  found  that  the 
oompodtion  of  the  basic  prodfucts  thus  obtained  by  no  means  agreed  with  the  formula 
0**M*.NH*,  and  moreoyer  yaried  oondderably  in  different  preparationa.  It  oaj 
therefore  be  oonduded  that  no  definite  nitzo-anthracenes  haye  yet  been  obtained. 

Kalogen«derlTa«lTea  (F.  Schwarzer,  Deut,  Chem.  Oea.  Ber.  x.  876).  Di  chlor- 
anthracene  tetrabromide,  C*^HH31*.Br\  first  obtained,  but  not  examined  by 
Graebe  a.  liebermann,  Ib  formed  by  exposing  dichloranthraeene  for  a  oondderabb 
time  to  the  action  of  bromine-yapour.  It  is  slightly  soluble  in  alcohol  and  ethei; 
fredy  in  chloroform  and  benzene,  and  crystallises  in  white  silky  needles  meltiiig  at 
166^.  Heated  to  180^-190^,  it  is  conyerted  into  dichloromonobromanthraoen^ 
C*^H*Cl*Br,  which  crystallises  in  small  ffreenish-yeUow  laminie  melting  at  168^,  eaailj 
soluble  in  chloroform.  The  tetrabromide  boiled  with  alcoholic  potash  giyes  up  SHBr, 
and  is  conyerted  into  dichlorodibromanthracene,  C^H'Gl'Br',  which  is  sparing^ 
soluble  in  alcohol  and  glacial  acetic  acid,  easily  in  benzene,  and  crystallises  ftoa 
the  latter  in  small  ydlow  needles  melting  at  251^-262^.  These  two  chlorofaromiv 
deriyatiyes,  when  boiled  with  nitric  add,  react  like  tetrabromanthracene  (let  9npfL 
178),  yielding  respectiydy  mono-  and  di-bromanthraquinone,  but  the  oxidatian  is 
much  dower  than  in  the  case  of  tetrabromanthracene,  on  account  of  the  more  inti* 
mate  combination  of  the  chlorine. 

Dichloranthraeene  dichloride,  C**H'CI*.C1*,  is  readily  formed  by  passiog 
chlorine  into  a  solution  of  anthracene  in  chloroform.  It  crysUdlises  in  transpareolt 
prisms,  mdtinff  at  149^-150®,  dissolyes  fredy  in  benzene  and  chloroform,  but  only 
sparingly  in  lOcohol  and  ether.  When  heated  to  170^,  it  yields  trichloranthraoen% 
together  with  a  small  quantity  of  dichloranthraeene ;  the  same  decompodtion  takes 
place  at  the  common  temperature,  eyen  if  the  compound  be  kept  in  an  atmos^ere  of 
hydrochloric  add.  Trichloranthracene,  O'^H'Cl',  crystallises  from  alcohol  in  long 
yellow  needles  melting  at  162^-163^. 

The  dichlorido,  C'^H'Cl'.Cl',  heated  with  water  orwith  alcoholic  potash,  is  conyerted 
into  anthraquinon  o ;  and  the  same  reaction  is  produced  by  strong  sulphuric  add 
at  ordinary  temperatures :  C»«H«Cl«.Cl« + 2H«0  =  4HCI  +  C  «HH)«. 

The  reactions  of  dichloranthraeene  dichlorido  are  most  dearly  explained  by  the 
following  constitutional  formula,  which  represents  this  compound  as  the  chloride 
analogous  to  anthraqninone  r 


DtohlanatlmoeDe, 


Dtohlarmnthnoene  dichloride. 


M«tli7l-«atlirA06ne«  0"Hi'  -  Cn«H*(CH"),  is  formed  by  passing  dimethyl- 
phenyl-methane,  CH^C^HKIH')',  through  a  red-hot  tube  filled  with  fra^ents  of 
porcelain,  the  change  consisting  in  the  lo«  of  4  atoms  of  hydrogen  (Weiler,  Demi. 
Chem.  Gee.  Ber.  yii.  1181). 
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Metlr^l-aiithnoeiie  ia  alio  fanned  in  oonaiderabla  qnantily  when  dimetliyl- 
^henylethane,  CH*.CH(C<H«.CH>)*,  is  pasaed  thzongh  a  xed-hot  tube  (0.  Fiacher, 
%Hd.  1191).  It  ie  eparingly  soluble  in  alcohol,  ether,  and  acetic  acid,  and  OTstalliees  in 
glistening,  jellowiih,  cor  white  plates,  melting  at  198^-201^,  and  dissolving  zeadily  in 
chlorofbrm,  benasne,  and  carbon  sulphide.  It  sublimes  in  large  white  plates,  exhiUting 
a  fine  blue  fluorescenoe,  and  forms  a  picric  acid  compound  closely  resembling  anthracene- 
picric  add.  Chromic  acid  oxidises  it  to  an  thraquin one-carbonic  acid,  O^H*H)*, 
which  snblimes  in  y^w  needles  mdting  at  282^.  Methyl-anthracene,  heated  to  100** 
with  strong  nitric  acid  and  alcohol,  is  oxidised  to  methyl-anthraqninone,  C'*H**0', 
which  wepenXM  as  a  yellow  precipitate  (Fischer,  ibid.  yiii.  676). 

DOromometh/l^imtkraeeHe,  C'^H**B]^,  is  easily  formed  bv  adding  bromine  to  a 
sdlntiaQ  of  the  hydrocarbon  in  carbon  sulphide.  It  forms  yeUow  needles  melting  at 
166<>  (Fischer). 

JDibnmodimetijfi'anthraaeHe,  CH^'Br',  is  prepared  by  mixing  the  solutions  of 
Hmne  and  dimeuyl-anthraoene  {2nd  Suppl.  84)  in  carbon  sulphide,  and  remains  on 
•VMoiation  as  a  yellow  crystalline  mass,  easily  soluble  in  benzene^  etiier,  and  absolute 
aleohoL  When  ezystallised  from  glacial  acetic  acid,  it  forms  yellow  needlee  melting  at 
164^.    It  is  decomposed  by  red-hot  Ume,  with  formation  of  dimethyl-anthracene. 

Oxyanthraeene,    SeeAirrHBOL. 

Isomerides  qf  Anthracene^ 

C«H^— CH 

1.  Whrnnma^xmnrnm    The  formula  I  M    ,  assigned  to  this  hydrocarbon  by 

Graebe  and  by  Fittig  (2nd  Suppl,  84),  represents  it  as  diphenyl  haying  two  of  its 
hjdrqgen-atoms  replaced  by  acetylene;  and  this  radicle  may  actually  be  introduced 
into  the  diphenyl-molecule  by  passing  the  mixed  vapours  of  diphenyl  and  ethylene 
through  a  strongly  ignited  porcelain  tube : 

0"H'»  +  CH*  -  C"H».0«H«  +  2H«. 

Beaaiene,  atyrolene,  naphthalene,  and  a  aolid  mixture  of  anthracene  and  phenanthene 
are  formed  at  tiie  same  time.  A  mixture  of  the  last  two  hydrocarbons  is  also  produced 
by  tiie  action  of  ethylene  or  styrolene  on  bensene  (Barbier,  Compt.  rend,  Ixxix.  121). 

Fheoanthrene  is  also  formed  in  small  quantity,  together  with  anthracene  and 
toluene,  when  vapour  of  ditolyl  or  of  bensyl-toluene  is  passed  through  a  red-hot  t»be 
(Barbier): 

2C"H"  -  C"H»»  +  2CrH«  +  m 

pymmlkrmte  Mfdrides, — Graebe  prepared  the  tetrahydride,  C*^H*\  by  heating 
vlisoanthrene  with  hydriodic  acid  and  phosphorus  to  200^.  According  to  fiarbier,  a 
neat  of  260^  is  required  to  effect  the  combination,  and  the  product,  wMch  is  a  liquid 
bdiling  at  260^-270^,  separates  on  cooling  into  a  fluid  and  a  solid  portion.  The 
liquid  was  treated  with  cold  fhining  nitric  acid  to  remove  bensene  hydrocarbons  and 
thmr  derivatives ;  the  greater  part  however  remained  unattached  even  after  prolonged 
treatment.  Hydrochloric  acid  and  tin  were  then  added  to  remove  nitro-compounds, 
and  the  product  was  dried.  It  then  fbrmed  an  oily  liquid  smelling  like  petroleum, 
boiling  at  250^,  and  yielding  by  analysis  84*3  per  cent,  carbon  aiui  15*2  hydrogen, 
agreeing  very  nearly  with  the  formula  C*^H**,  which  requires  84*8  C.  and  15*2  H. 
Heoee  Jbarbier  infers  that  the  liquid  hydride,  G'^H*\  which  Graebe  obtained  was  most 
probably  a  mixture  of  the  saturated  hydrocarbon,  C^^H**,  with  phenanthrene  and 
mtermediate  hydrides;  and  that  the  so-called  hydrides  of  toluene  and  xylene  are 
probably  similar  mixtures.  The  solid  (impure)  hydride  obtained  by  Graebe's 
process,  on  being  heated  in  a  sealed  tube  for  five  minutes,  yielded  diphenyl  and  ben- 
sene, the  latter  probablj  formed  by  the  action  of  heat  on  the  acetylene  produced  in 
the  first  instance : 

C«H«.C»H«  +  H«  -  C»«H>«  +  C«H«. 

A  small  quantity  of  phanthrene  is  formed  at  the  same  time  (Barbier). 

2.  Another  isomeride  of  anthracene  is  obtained,  together  with  anthracene  and 
toluene,  and  an  oily  hydrocarbon,  C^H*",  by  distillation  of  the  secondary  products 
formed  in  the  preparation  of  benzyl-toluene.  The  oily  hydrocarbon,  when  passed 
through  a  red-hot  tube,  yields  a  farther  quantity  of  anthracene  and  its  isomeride. 
This  iso-anthracene  is  moderately  soluble  in  the  usual  solvents,  crystalUses  in  yel- 
lowish leaflets  melting  at  133^-134*6°  (phenanthrene  melts  at  about  100°),  and  not 
easily  sublimed.  It  may  be  oxidised  to  a  quinone,  C'^H'O*,  which  crystallises  in  long 
white  needles  melting  at  211^-212°,  forms  a  blue  mass  with  potash,  and  diBac&:^«i^  Vn 
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IntEon  of  iodjiw  in  riuDol  ii  bdlad  wtli  anllinwene,  hydriodinaoidii  orolrtd.    Hon 
daflnitfl  lualti  might  pahftpa  b«  QbtaiiiadbyiiiodeT&tiiig  tba  Tulence  of  the  n~~"  — 
»ad  """■fing  the  aetioQ  <u  Aa  ioi^o  hj  an  oxiduiiig  igait  (Bolu,  C" 
xiTiii.  167). 

jfeMm  qf  CUoroekromie  Jeid. — Thii  eompoimd,  addad  to  ft  aolntum  of 
ID  gladtl  teetio  acid,  oxidiNi  it  to  anthnquiaone,  vhieh,  vhen  preoipitated  with 
watu,  vubad,  driad,  sad  ntbaequsiitlj  niblimad  of  dTitallitad  fram  sjculid,  it  ob- 
tainad  in  tplandid  needln  (HaUer,  Ckmpt.  rtnd.  Ixxxir.  MB). 

Jefint^JWrni  JciiL— Aecoiding  to  B,  Schmidt  (i)Mt.  CS*m.  Ott.  £«r.ni.S0O)k 
tha  mono-  and  dinitroanthncene  described  \ij  Bollaj  (2nJ  Biml.  it)  ■■  piodncad  t^ 
tha  BOtioQ  of  nitria  aaid  on  anthraeene  have  no  aiiatenoe.  Tb6  aappofM  moooaitm- 
oamponnd  ia  in  lealit;  a  oampoimd  of  dinitro-antliiaqiuiiDnB  and  cfaiyiana,  aod  ia  t>o- 
daeed  onlj  with  certain  varietiaB  of  commercial  aothnceite,  tbooa  namely  ^lidi  con- 
tain hydiocBiboDi  of  higher  aider.  Feifeotl^  pore  anthiacaaB,  when  treated  with 
nitric  acid,  doea  not  yiald  a  tzaee  of  anj  mtrated  anthncene,  but  onlj  tha  w«U> 
known  oiidatioD-piodncti,  anthtaqninone  and  dinitio-anthnqaiaona.  Th»  ctabauot 
of  Fhipaon  {Oomft.  rmd.  IzxtL  S70  that  mtro-anthracsna  is  formed  bj  treating 
BothiBcene  with  strong  nitric  uod,  la  alio  nrj  donbtftal,  inaamoch  aa  ha  neralT 
obtained  a  viedd  maaa  which  he  did  not  attompt  to  purify,  bnC  bvatad  at  onoa  with 
tin  and  hjdrochloric  add,  wherebj  he  obtained  a  baaic  componnd,  tha  »>«allad  an- 
in  repeating  the  83 


oomiodtioii  of  tlie  baiio  prodncta  thna  obtained  bj  no  maana  agreed  with  the  fbrmnla 
C'H'JfH*,  aaA  moreorec  mied  eooBidankblj  in  dilferent  pmparatdow.  It  is^ 
tlierafim  bo  condodad  that  no  definite  nitro-anthraeenea  have  jat  bean  oblainod. 


■kl«K«B-dmT«tl*M  (F.  Schwaner,  Dmt.  Cinn.  Saa.£«r.z.876].    Dicfalof- 

anthiacene  tatrabromide,  C'*BX9*.Br*,  flnt  obtaioad,  but  not  examined  hj 
Qraebe  a.  liebeimann,  ia  famed  bj  eipodng  dichloianChiacane  for  a  eonaiderablo 
time  to  the  action  of  biomine-TspouT.  It  ia  alightl;  aolnble  in  alcohol  and  ethar, 
freely  in  ehlorofbrm  and  betuene,  and  cij'atalliwa  in  white  ail]^  needlea  melting  at 
IBS".  Heat«d  to  18l)°-190°,  it  ia  converted  into  dichloromanobromantliraeeiM^ 
C'<B7Cl*Br,  which  dyBtalliaea  in  imaUgTeamah-yellow  lamina  meltii^  at  ISS^eariljr 
■oluble  in  chloroform.  The  tatiabromida  boiled  with  alcoholic  potaab  g^rea  np  3HBi, 
and  ia  convartad  into  dicMorodibromantliiacane,  C'H'Cl^r*,  which  ia  ^aringlj 
aolobja  in  alcohol  and  glacial  acetic  add,  aaail;  in  banaene,  and  dTatalliaaa  fimnl 
the  latter  in  amall  yellow  needlea  melting  at  2$l'>-2e2°.  Theae  two  chlorohromo- 
deriTatiTea.  when  boiled  with  nitric  acid,  react  like  tatiabromanChraoene  (tri  Bmpft. 
17B),  yiel^ng  reapectirelj  mono-  and  di-bromantbraqmnoDe,  bat  the  ozidatdon  ia 
much  alowcF  than  in  tha  caae  of  tetntbTomantbracene,  on  aoconnt  of  the  more  intd- 
mats  combination  of  tha  chlorine. 

Siehloranthraconedichloride,  C"H'C1*.C1<,  ia  leadily  formed  bypaanng 
chlorine  into  a  aolation  of  anthracene  ia  chloroform.  It  ciyat^liaea  in  tzanaparent 
prinna,  melting  at  HS^-lfiO",  diiaolvee  freeiy  in  beniens  and  ehlorofomi,  but  only 
aparinglyb  lOcohoI  andelbar.  When  heated  to  170°,  it  yield*  trichloranthncens, 
together  with  a  amall  qnantity  of  dichloranthracene ;  the  aame  deoompoailion  takaa 

tiace  at  the  common  tempenttue,  aran  if  the  componnd  be  kept  in  an  atmocphere  of 
ydrocbloric  add.  Trit^Ioranthracene,  C>*H'C1',  cryatalliiea  &om  alcohol  in  long 
yellow  needles  moling  at  161" -ISV. 

The  dichloride,  C"HK31'.C1',  heated  with  water  orwith  alcoholic  potaah,  ia  conrertad 
into  anthraqninone;  and  the  same  reaction  ia  piodaced  by  ationg  Bolpbnrieadd 
at  ordinary  tempaiiturei ;  C"H"C1'.CI'+  2H*0  =  «HCI  +  CHK)'. 

The  nactiona  of  dichloranthracene  dicbloride  are  moat  dearly  explained  by  the 
following  conatitntional  fbnnnla,   which  repnaenta  thia  compotutd  aa  the  chloride 


K«t&7l-Battai*eenei  C"H"  -  C"H*(CH^  ia  formed  by  paaaing  dimethyl- 
pbenyl-methane,  CH'(C'H'CH^*,  through  a  red-hot  tube  filled  with  &a^en(£  of 
poixMlun,  tha  change  eonaiaUng  in  the  1d«  of  4  aloma  of  hydrogen  (Wulor,  DmU. 
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MeUryl-anthnoene  ia  alio  focmed  in  oonaiderable  qumitily  when  dimethyl- 
pbnl7lethan^  GH*.CH(C^«.GH*)*,  is  passed  thzongh  a  xed-hot  tabe  (0.  Fischer, 
MtL  1 191).  It  is  sparingly  soluble  in  alcohol,  ether,  and  acetic  acid,  and  crystallises  in 
gUstoning,  yellowish,  cor  white  phites,  melting  at  198*^-201^,  and  dissolving  readily  in 
ehlotofofm,  benaeney  and  carbon  snlphide.  It  sublimes  in  large  white  plates,  exhiUting 
a  fine  bine  finoresoenoe,  and  forms  a  picric  acid  compound  closely  resembling  anthracene- 
pierieacid.  Chromic  acid  oxidises  it  to  an  thraquin one-carbonic  acid,  C^*H'H)\ 
which  sabUmes  in  yellow  needles  melting  at  282^.  Methyl-anthracene,  heated  to  100** 
with  strong  nitric  add  and  alcohol,  is  oxidised  to  methyl-anthraquinone,  C'H^'O*, 
which  sqwrates  as  a  yellow  precipitate  (flsdier,  ibid,  yiii.  675). 

DOromomethj^-ofUkraomet  CH'*B^,  is  easily  formed  bv  adding  bromine  to  a 
•olntiaQ  of  the  hydrocarbon  in  carbon  sulphide.  It  forms  yellow  needles  melting  at 
IMo  (Fischer). 

IHbramodimeiksfl-anthraaeHe,  C'H^'Br',  is  prepared  by  mixing  the  solutions  of 
faraidne  and  dimetiiyl-anthraoene  (2i»d  Sufjpl,  84)  in  carbon  sulphide,  and  remains  on 
evapotatioo  as  a  yellow  crystalline  mass,  easily  soluble  in  benzene^  ether,  and  absolute 
aJeoDol.  When  erystallised  from  glacial  acetic  acid,  it  forms  yellow  needles  melting  at 
164^.    It  is  decomposed  by  red-hot  Ume,  with  formation  of  dimethyl-anthracene. 

Oxyantkraeene.    SeeAirrHBOL. 

Jiomerides  qf  Anthracene, 

C«H^— CH 

1.  Whmnma(Out9mBm    The  formula  I  M    ,  assigned  to  this  hydrocarbon  by 

Oraebe  and  by  fittig  C^nd  Suppl.  84),  represents  it  as  diphenyl  haying  two  of  its 
hydxQgen-atoms  replaced  by  acetylene ;  and  this  radicle  may  actually  be  introduced 
into  the  diphenyl-molecule  by  passing  the  mixed  vapours  of  diphenyl  and  ethylene 
thiongh  a  strongly  ignited  porcelain  tube : 

0"H»«  +  C«H*  -  C»H«.0«H«  +  2H«. 

BeaBiene,  styrolene,  naphthalene,  and  a  solid  mixture  of  anthracene  and  phenanthene 
are  fiDirmed  at  the  same  time.  A  mixture  of  the  last  two  hydrocarbons  is  also  produced 
bj  the  aetion  of  ethylene  or  styrolene  on  bensene  (Barbier,  Compt,  rend.  Ixxix.  121). 

Fheoanthrene  is  also  formed  in  small  quantity,  together  with  anthracene  and 
toluene,  when  vapour  of  ditolyl  or  of  bensyl-toluene  ia  passed  through  a  red-hot  t»be 
(Barbier): 

2C"H»*  -  0"H»»  +  2CrH«  +  H». 

Pktnantkrme  MfdHdes, — Graebe  prepared  the  tetrahvdride,  0'^H*S  by  heating 
nhenanthrene  with  hydriodic  acid  and  phosphorus  to  200^.  According  to  Barbier,  a 
neat  of  260^  is  required  to  effect  the  combination,  and  the  product^  wMch  is  a  liogid 
boiling  at  260^-270^,  separates  on  cooling  into  a  fluid  and  a  solid  portion.  The 
Eqidd  was  treated  with  cold  fhininff  nitric  acid  to  remove  benzene  hydrocarbons  and 
ttSar  derivatives ;  the  greater  part  nowever  remained  unattached  even  after  prolonged 
treatment.  Hydrochloric  add  and  tin  were  then  added  to  remove  nitro-compounds, 
and  the  pioduct  was  dried.  It  then  farmed  an  oily  liquid  smelling  like  petroleum, 
boiling  at  260^,  and  yielding  by  analysis  84'3  per  cent,  carbon  and  15-2  hydrogen, 
agrseiitt  very  nearly  with  the  formula  C'^H**,  which  requires  84*8  0.  and  15'2  H. 
Heoee  Barbier  infers  that  the  liquid  hydride,  G'^H*^  which  Chraebe  obtained  was  most 
pdbably  a  mixture  of  the  saturated  hydrocarbon,  C^^H**,  with  phenanthrene  and 
mtermediate  hydrides;  and  that  the  so-called  hydrides  of  toluene  and  xylene  are 
probably  similar  mixtures.  The  solid  (impure)  hydride  obtained  by  Graebe's 
proeesa,  on  being  heated  in  a  sealed  tube  for  five  minutes,  yielded  diphenyl  and  ben- 
aene,  the  latter  probably  formed  by  the  action  of  heat  on  the  acetylene  produced  in 
the  first  instance : 

C«H«.C»H»  +  H«  =  C»«H"  +  C«H«. 

A  small  quantity  of  phanthrene  is  formed  at  the  same  time  (Barbier). 

2.  Another  isomeride  of  anthracene  is  obtained,  together  with  anthracene  and 
toluene,  and  an  oily  hydrocarbon,  C^H**,  by  distillation  of  the  secondary  products 
formed  in  the  preparation  of  bensyl-toluene.  The  oily  hydrocarbon,  when  passed 
through  a  red-hot  tube,  yields  a  farther  quantity  of  anthracene  and  its  isomeride. 
This  iso-anthracene  is  moderately  soluble  in  the  usual  solvents,  crystalUses  in  yel- 
lowish leaflets  melting  at  133^-1 34*6°  (phenanthrene  melts  at  about  100°),  and  not 
easily  stblimed.  It  may  be  oxidised  to  a  quinone,  C'^H^O*,  which  crystallises  in  long 
white  needles  meltizi^  at  211^-212^,  tanna  a  blue  mats  with  potash,  and  disaol^Qa  in 


B-SULPHONIC  ACID, 

■olphnrie  sciil  moio  Duil;  than  Bnthraquiiione  (Weber  a.  Zincko,  Dent,  Chrrn.  Get.  BtTi 
Tii.  llfiB). 

JUtTRRAOBWa  VMtVM,  This  onmo  is  EJT«a  to  ft  blue  cotouriog  tnalt(« 
olitoined  in  Hmall  qu&atity  in  the  msDnfiicture  of  aliioriD.  It  is  xiliible  in  «at»r, 
and  djes  silk,  iraol,  aod  cotloa  of  a.  epleadid  und  penuaDent  bino  (F.  Spriogmnhl, 
Chcm.  CtMr.  1B72,  728). 

AjrTKBAOBKS'CAMOWIO  ACXD,  C'*H»0'  •.  CH'.COOH.  Twoadd* 
of  tliii  compoeitiou  axe  knova,  which  may  be  distingaiBhod  u  a  aad  6- 

The  B-add  vas  obtained  by  Oraebe  a.  liebtiFinaiii],  b;  heating  anthracene  to 
200°  with  liquid  catbonjl  clilorido.  digeating  the  product  mth  eodiuin  carbonate,  and 
tJMating  the  flttered  solution  vith  excees  of  by&3chlonc  acid.  It  eeparatea  from 
nleabolic  solution  bj  Bpontaneons  ev^ioration  u  long  needles,  mella  iLt  206°,  and  ii 
at  the  same  time  resolved  into  ftDtbraoone  and  carbon  dioxide  (\ai  Siippl.  179). 

B-AntAraeene-earb/mic  add,  discavared  by  liebennann  a.  Tom  Bath  (Dtnt.  Chen. 
Get,  Ber.  viii.  246),  is  produced  by  distilling  the  potassium  salt  of  antbraeent- 
mtphonic  acid  irith  perfectly  debydratedpotasBiomferrac^anide,  boiling  the  distilLit*, 
irbich  consisM  of  nnaltared  anthraceae  and  a  nitril.  with  alcoholic  potash  a«  long  aa 
ammonia  is  evolred,  and  decomposing  the  flltored  liquid  with  hydrochloric  acid.  Tho 
3-aeid  it  then  precipitated  in  yellow  flocks,  which  ma;  be  pniifled  by  digestion  wibb 
barium  carbonate,  whereby  the  easily  Bolnble  salt  of  anthracsne.>carbonic  acid  if 
obtained,  while  an  insoluble  salt,  probably  tlie  anthiacene-dicarbonste,  remain* 
behind ;  the  solution  treated  with  hji&ochloric  acid  yields  the  &^d. 

^- Anthracene-carbonic  acid  is  iosoluble  in  water,  slightly  soluble  in  benzene, 
more  eaail;  in  alcohol  and  glacial  acetic  add,  and  separatee  on  cooling  fnnn  a  hot 
saturated  alcoholic  solution  in  yellow  needles;  bj  mors  rapid  concentration  ai  a 
nearlj  amorphous  mass.  It  dissolves  also  in  dilute  ammonia,  and  is  precipitated 
Iher^com  b;  acids,  It  decomposes  carbonates,  and  fonns  fbr  the  most  part  easily 
soluble  salts.  The  bariutn  and  calcium  salts  ore  readily  soluble  and  dry  up  to 
amorphous  masses.  The  lead  salt  U  a  procipiiate.  The  barium  salt  is  not  de- 
composed by  carbou  dioxide,  bnt  the  ammonium  salt  loses  all  its  ammonia  on  erapo- 
ration.  The  eolntion  of  its  salts  shows  a  greenish  or  blue  fluoreBCeace.  But  stbd 
if  the  colour  of  thesolntion  be  pure  blue,  the  add  precipitated  ftom  it  is  alwaysyellow. 

The  fl-_aoid  softens  at  220°-230'',  melU  irregularly  at  260°,  and  when  heated  aboTe 
2S0°  snblimes  wilhoat  decomposition  in  orange-yellow  needles,  which  melt  in  Ihs 
some  manner  as  the  unsublimed  acid.  Thsso  charactera  diatinguish  it  teota  the 
a-acid,  and  a  further  distinction  between  the  tiro  is  afforded  by  their  behaTiour  with 
oxidising  agents,  the  a-ocid  heated  with  a  sulutiou  of  chromic  acid  in  glacial  acetic 
acid  being  converted  into  onthroquinone,  with  evolution  of  carbon  dioxide,  whereas 
the  |9-acid  is  converted  into,  anthraquinone-carbonic  acid,  which  undergoes  f  ' 
decomposition  only  when  the  oxidising  agoot  is  in  bicobb; 


C'H'.CO'H   +   0"  = 
The  itruGtntat  formula  of  anthracene : 


goes  funber   ^H 


indicates  the  possible  existence  of  threo  anthracene-carbonic  acids,  according  as  the 

Eup  CU'H  IB  atUiGbed  to  the  nuclens  at  one  of  the  points  a.  b,  or  c.  In  Qraebe  a. 
bermann'a  acid  (o),  the  carbonjl-group  is  most  probably  attuched  at  one  of  tlie 
paints  a  ;  an  acid  bo  constjtnted  must  in  fact  give  off  carbon  dioxide  when  oxidised, 
because  the  oivgen-atoms  which  convert  it  into  a  quinone  will  attach  themselves  to 
the  point*  a,  IS,  on  the  other  hand,  the  carbonyl-group  is  attached  at  J  or  c.  the 
quinonic  oxygen-atoms  may  attach  themselves  at  a  without  di)>p!acement  of  CO'. 
Tbia  thorefure  is  probably  the  constitution  of  the  fl-anthiacene-CBtboiiic  acid  obtained 
Ly  Ijobermann  a.  vom  Rath. 


iCBlTB-BirKPHOWZC  AOXS,  C'lCSO'H  (li;.  Unie,  J.fT.  Chem. 
[3],  xi.  222).  Two  acids  of  this  coniposition,  s  and  B,  arc  produced  by  heating  1  pt. 
of  Biitbmcene  with  3  pta.  of  strong  Bulphuric  acid  in  a  water-bath,  with  constant 
ttirring,  till  the  grcal-eP  part  of  the  unthrftcpne  ia  iiBS"\>:t4, ■wtecttiMi'^ \ie  'cbhwii\jj 


i 

J 
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its  forming  a  lufat  brown  lolntion  on  addition  of  water.  Sulphnxons  anhydride  in 
eTohred  during  the  soliition  of  the  anthracene,  and  if  the  action  is  allowed  to  go  on 
too  far,  brown  tarrj  products  are  formed.  The  product  is  purified  by  neutralising 
with  lead  carbonate,  removing  the  lead  with  hydrogen  sulphide,  again  neutralising 
with  lead  carbonate,  and  eraporating  to  the  ozystallising  point  The  /B-lead  salt  then 
separates  in  prisms  which  may  be  purified  by  ciystallisation,  and  on  further  concentra- 
tion the  A-salt  separates  in  warty  masses.  The  a-salt  is  produced  in  much  laiger 
quantity  than  the  fi-salt. 


^  doid,  0>«H*SO*H,  prepared  from  the  lead  or  barium  salt 

hj  predpitation  with  sidphuric  acid,  ezystallises  in  yellow  prisms  or  tables.  The 
•-lead  salt,  (0>«H^O*)*Pb  +  4H*0,  crystallises  in  light  yeUow  scales,  dissolves 
easi^  in  hoi  water,  but  is  less  soluble  in  cold  water.  The  o-barinm  salt^ 
(C>«H*8O*)'Ba+6H'0,  ciystallises  in  yellow  needles,  and  is  much  more  soluble  in 
water  than  the  3-salt.    Q^ie  sodium  salt  crystallises  in  microscopic  scales. 

fi-jMtknceMtuiphomo  Aoid,  Ci«H*SO*H,  ezystallises  in  long  well-deyeloped 
priams,  difficultly  soluble  in  water,  and  permanent  in  the  air.  ^e  lead  salt, 
(C>«H"80*)>Pb  +  7H'0,  ciystallises  in  yellowish  prisms,  and  is  very  sparingly 
aolnble  in  either  hot  or  cold  water.  The  barium  salt  is  more  soluble  than  uie  lead 
■alt,  and  crystallises  in  nacreous  plates,  containing  7HK).  The  sodium  salt  is  sparingly 
aolnble  in  water. 


0>«H>*0  -  Ci«H*OH.    Of  these  bodies  there  are  two 
metameric  modifications,  vis. : — 

AnthxoL  Antknnol. 

1.  Anthrol  is  formed  in  two  isomeric  modiflcaHons  by  fiising  the  alkali-salts 
of  «  and  3-anthraoenesulphonio  acid  with  caustic  potash  or  soda  in  a  silver 
basin,  till  a  small  quantity  taken  out  and  dissolved  in  water  gives  a  copious  precipitate 
on  addition  of  an  acid.  The  crude  o-anthrol  is  a  brownish-black  mass ;  the  3-modifl- 
cation  is  dark  green.  The  crude  products  are  purified  by  dissolving  them  in  ether, 
which  separates  some  tarr^  matter,  filtering,  and  evaporating  to  dr^ess  in  an  atmo- 
sphere ox  carbonic  anhydnde.  As  both  the  anthrols  are  very  freely  soluble  in  alcohol 
and  ether,  the  crystals  deposited  from  these  solvents  are  but  indistinctly  formed,  but 
good  ery^bals  may  be  obtained  by  precipitating  an  alcohdie  solution  with  water. 
During  all  the  operations  the  air  of  the  apparatus  should  be  replaced  by  carbonic 


anhydride. 

•-Anthrol  crystallises  in  brilliant  vellow  needles,  easily  soluble  in  alcohol,  ether, 
and  bensene^  not  so  easilv  soluble  in  chloroform,  insoluble  in  water.  On  boiling  with 
aqueous  potash,  it  is  oxidised  to  a  dark  brown  body.  It  decomposes  without  ftision 
at  260^.    Substitution -products  are  formed  by  bromine  and  sulphuric  acid. 

3-Anthrol  crystallises  in  yellow  prisms ;  it  is  less  soluble  in  alcohol  and  ether 
than  its  iwmeride.  It  oxidises  to  a  green  body  on  exposure  to  the  air  (linke,  J,  pr. 
Ckem,  [2],  xi.  22Y). 

2.  Anthranol. — This  body,  intermediate  between  anthraquinone  and  anthracene 
dihydride,  C'^H",  is  obtained  when  anthraquinone  (20  pts.)  is  heated  with  hydriodic 
add  of  ^.  gr.  1*7  (80  pts.)  and  phosphorus  (4  pts.)  in  a  vessel  with  reversed  condenser 
for  about  an  hour ;  if  the  action  is  allowed  to  go  on  Airther,  anthracene  dihydride  is 
produced.    The  formation  of  anthranol  is  represented  by  the  equation  : 

C>«H*0«  +  2H«  -  HK)  +  C»*H»»0. 

Anthranol  crystallises  in  yellowish  needles,  melts  at  163^-1 70**,  and  at  higher 
temperatures  tnms  green  and  carbonises  without  volatilising.  It  is  nearly  insoluble 
in  cold,  more  soluble  in  hot  alkalis.  The  solution  absorbs  oxygen  from  the  air  and 
then  on  boiling  deposits  anthraquinone.  Anthranol  is  also  converted  into  anthraquinone 
by  oxidation  with  nitric  or  chromic  acid.  By  heating  with  sine-dust  it  is  reduced 
to  anthracene.    With  acetic  anhydride  it  forms  a  monoacetyl  compound — 

X(OC»H»0)v 

c»*H»(c«H»o)o  -  c«hO  ycm* 

which  cfTStallises  in  light  yellow  needles,  melting  at  126^-131°  (Liebermann  a.  Topf, 
LnU,  Ckem.  Get.  Ber.  ix.  1201). 


» 

k 

^ 
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When  pure  pbtJtalic  ohloiide  vm  bcJil^  la  220°  in  sealed  tabes  with  bensene  ftnd 
linc-doBt,  a  product  wiu  obtained  vbic)i,  atler  traatniBat  vith  alcobol  and  sodium 
caiboDftte,  yielded  on  BablinmtJon  ysUcnr  nsBdloi  of  antbraqQiiiODe.  The  yield  whb, 
boirsvor,  veiy  BDmll,  bo  that  it  is  donbtful  irbetJier  Ibe  sbore  eqantlon  eipmsaek  ifae 
principal  rsBCti an  (Pii»:ard,  Dvul.  Chen,  Ga.  Ber.  vii.  17B6). 

a.  From  B-Beiuoyt-beneoic  Mid  [Behr  a.  van  Dorp,  i/nd.  S78). — A  miitureof  1  pt. 
^■bflDzayl-benioic  acid  and  2  ptis.  pboaphoricajihydridb  vitb  sand  yields,  wbeo  heated,  s 
distillate  of  pnw  anthraqniDona  ;  bat  a  better  jieW,  amounting  to  26  ppr  cent,  of  the 
theoretical  ouaatit;,  ia  obtained  by  heating  the  mixture  to  200°  for  lome  houra,  aad 
then  extmcting  the  anthmquinone  vitb  benzene  ; 


CH'.CO.CH'.COOH   =   H=0   +   CH*<J;X>CH' 


*<gg>C 


This  reaction  affbrda  a  strong  canflrmation  of  the  rievs  of  Zincke  and  F!Uig  that 
anthraquinono  should  be  regarded  as  a  double  ketone  (2nd  Suppl.  d5).  Porsbeuoji- 
bensiic  acid  does  not  yield  antbtequiDODe. 

ADthnqninone,  in  small  quantity,  is  obtained  by  distilling  beuEoic  acid  with  phot- 
pboric  anhydnde.  Hace  probably  2  mols.  of  benzoic  acid  ooalesce,  with  elimiosUoD 
of  wDlBTitoformiS-benioyl-benEoic  acid,  which  Iben,  by  tbe  further  tuAion  of  the  dehydmt- 
ing  agent,  yields  anthiaqui cone.  An  anolcgous  eiplanation  may  be  given  vt  the  nrmn- 
tiou  of  antliraquinone  b?  the  distillstiou  of  cali^ium  beuzoate  (Behr  a.  van  Dorp).  The 
fbrmatioii  ot  ant hraqui none  from  benzoic  acid  may.  on  the  other  hand,  be  regarded  a» 
a  simple  dehydration  thus,  2C'H"0»— IPO  =  C'H'O'  (Kekuli  a.  Franchiiaont.  Dent. 
dUm.  Get.  Ber.  v.  SDB), 

On  the  pceporation  of  Actbraquinoiie  by  the  action  of  Chloride  of  Lime  Solation 
Bad  a  metallic  salt  on  Aatbrscone,  see  A.  Hennigoa  (Ihngl.  pol.  J,  cxxxi.  351 ;  Ckem, 
Soc.J.  1877,1.300). 

mtm-BntbrBquInimai  knd  tbafr  AerlrktlTeB  (Bottgor  n.  Petersen,  J.  pr. 
Chen.  [2].  Ti,  367  ;  DaU.  Ciera.  Ga.  Ber.  vi.  20).  It  was  stilted  in  the  Second 
Supplement,  on  the  authority  of  Bottger  a.  Fetersen.  that  nitro-anthraqui nones  cannot 
be  formed  I^  the  direct  action  of  uitnc  add  on  aathraquinone.  Subsequent  rasearchei 
hare,  however,  sbDwn  that  the  nitration  of  anthraquinone  caa  be  effucted  by  the  af  tioa 
□f  nitric  acid  alone  without  tbe  aid  of  Bulpburic  acjd,  the  product  being  monoaitro- 
anthraqainone  when  antbraquinone  is  boiled  with  tutrio  aciu  of  sp.  gr.  16  for  half  an 
hour  or  longer,  and  dinitro-aotbmquinoDe  when  it  is  boiled  with  red  fuming  nitric 
acid  of  sp.  gr.  1'52  for  eeveral  hours.  Nitric  acid  of  sp.  gr.  loner  thsn  1'44  scarcely 
attacks  antbraquinone  diisolTcd  in  it,  eren  on  prolonged  boiling. 

MononitTB'anthraqjiiKOiie,  0"H'{N0')O'.— To  prepare  Ibis  compound, 
antJiraqaiDone  is  dissolved  in  six  to  twelve  times  its  weight  of  warm  nitric  add,  of  sp. 
gr.  I'S,  and  the  solution  is  boiled  for  half  an  hour  or  longer.  Tbe  liquid  is  tben 
agitated  with  a  large  quantity  of  colil  water,  and  tbe  pale-yellow  Docks  tbereli;  tbrown 
down  ace  washed  with  cold  water.  The  product  is  a  pale-yellow  electric  powder, 
Butliming  readily  in  delicate  needles  which  melt  at  230°,  It  is  insoluble  in  water, 
very  sparingly  salnble  in  other  and  alcohol,  more  freely  in  ethyl  acetate,  bensane, 
chlDroform,  turpentine,  and  glacial  acetic  acid,  from  which  last  iteaparateB  id  fine  crys- 
tals. It  is  eomlj  soluble  in  nittobeQiene,  in  Btrong  sulphuric  add,  and  in  amline  (which 
is  also  an  oicellent  solvent  for  antbraquinone  and  anthracene- com  pounds  generally), 
forming  with  the  last  a  reirinaus  compound,  which  diaaolves  with  fine  fuctudne-red 
colour  in  acetic  acid,  eliyl  acetate,  and  other  ethoroal  solvents.  A  miiture  of  strong 
nitric  and  sulphuric  acids  converts  it  into  dinitro-anthisquinoue.  With  fused  alkalis 
it  yields  aliiarin,  together  with  a  small  quantity  of  anthiaquinone. 

Moneamido-aiUhragumoni,  C"H'(NH')0*. — This  body  is  easily  obtained  by  tbe 
actiisi  of  reducing  agents  upon  the  preceding  compound.  It  is  beet  prepared  by  boiling 
monanitro-antbraquiaone  in  fine  powder  with  a  moderately  strong  solution  of  sodium 
Bulpbjdiate  for  some  time,  diluting  with  water,  coaling,  filtering,  and  washing  the 
product  with  cold  watat.  Thus  prepared,  it  forma  a  bright  brick-red  powder,  which 
sublimes  easily  in  small  needles.  Melting  point  266°.  It  resembles  the  foregoing 
compound  in  solubility.    It  does  not  appear  to  combine  with  acids. 

DiazB-nathraqainimt  nitrate,  C'H'N'O'.NO'.— A  body  having  this  composition 


I 
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^^^_       it  tluown  down  to  the  form  of  a  pale  red  powder,  when  a  current  of  nitrogen  tetroxide       ^A 
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la  patsed  into  a  lolationof  omido-aDtlixaqiiinoDein  ether-aloohoL  It  ii  sparingly  ■oluble 
in  water,  freely  in  ethyl  aoetate  and  alcohol,  insolnble  in  ether.  When  warmed  with 
water,  it  evolyee  nitrogen  abundantly,  and  depoeita  fiocki;  which  when  heated  yield 
a  snblimate  of  glistening  yellow  cryetala,  exhibiting  the  properties  of  Gtraebe  and 
liebermann's  ozyanthraqninone  (m.  p.  202^) : 

C"H*0«.N«.NO»  +  HK)  -  C>*H'0«.OH  +  N«  +  NHO«. 

Mononitro-anthraquinone,  heated  to  200^  with  twelve  times  its  wei^t  of  strong 
■nlphnrie  add,  e?olves  a  large  Quantity  of  sulphur  dioxide.  On  aftennuds  pouring 
tlie  solution  into  cold  water,  it  deposits  fine  yiolet-red  flocks  of  imidok^droxyl-^iUkra- 

HN— C»*fl«0«— OH 
gumamSt      I  f  which  may  be  purifled  by  washing  with  cold  water  and 

HN— C»*fl«0«— OH 

eyaporation  of  its  alcoholic  solution.     It  then  forms  a  peach-blossom- 


ooloured  powder,  melting  when  heated  to  a  dark  cherry-red  liquid  whidi  yields  a 
sublimate  of  slender  rose-coloured  needles  melting  at  240^.  It  is  nearly  insomble  in 
water,  but  dissolves  more  freely  and  with  deep  rose  colour  in  alcohol,  ether,  ethyl 
aoetate,  chloroform,  benaene,  and  glacial  acetic  add,  ozystallidng  espedally  well  from 
the  last. 

THnUnHtmtkraqumtme,  C*^H*(NO')H)'. — Of  this  compound  there  are  two  modifioa- 
tiona,  «  and  fi.  The  former  is  produced  by  treating  anthraquinone  with  a  mixture  of 
stzong  nitric  and  sulphurie  adds,  or,  as  above  stated,  with  red  faming  nitric  add  at 
the  boiling  heat  for  several  hours.  Its  properties  and  those  of  its  reduction-derivatives 
have  been  already  described  (2md  Suppl,  91). 

fi-JHniiro-aiUkrafitinoui,  identical  with  Anderson's  dinitroxanthraoene,  and  Frita- 
sdie's  oxydinitrophotene  (1«^  Sitppl.  180),  is  obtained,  in  combination  with  chiysene, 
by  the  action  of  dilute  nitric  add  on  ch^sene  in  alcoholic  solution,  and  may  be  sepa- 
rated tram  the  resulting  compound,  C>«H*(NO>)*0<.C"H",  by  the  action  of  hot  strong 
sulphuric  add  (see  CHBTsnrK).  It  is  very  slightly  soluble  in  alcohol,  ether,  carbon 
sulphide,  chloK^orm,  and  benzene,  and  dystalHses  from  boilins;  glacial  acetic  add  in 
brimant  yellow  needles  melting  at  280^.  When  heated  it  sublimes  with  slight  de- 
eomposition  in  almost  colourless  serrated  plates.  In  warm  sulphuric  add  it  dissolves 
witaout  change,  but  on  heating  the  solution  it  turns  red  and  brown,  and  at  200°  gives 
off  sulphur  dioxide.  On  pouring  the  solution  into  water,  brownish-red  flakes  separate 
oat,  dissolving  in  alcohol,  ether  and  acetic  add  with  a  crimson  colour,  in  ammonia 
with  a  reddish-violet  and  in  potash  with  a  bluish-violet  colour.  The  dry  oompound 
is  a  gliatoiing,  black,  amorphous  powder  (E.  Schmidt,  J.  pr,  Chem,  [2],  ix.  241). 

OBjTAatlmmiilBOiiaa.  Grimm,  l^y  heating  hvdroquinone  with  phthalie  anhy- 
dride and  strong  sulphurie  add,  obtained  the  phthalein  of  hydroqumone^  toffether 
with  ^uinisarin,  an  isomeride  of  alisarin.  The  other  phenols,  when  heated  with 
pJithalic  add  or  anhydride,  have  hitherto  been  known  to  yield  only  phthaleins  (2nd 
oMppL  977) ;  but  the  recent  experiments  of  Baeyer  a.  Garo  (DetU.  Chem,  Get,  Ber,  vii. 
968]  have  shown  that  all  the  phenols,  except  resorcin  ana  pyrogallol,  when  heated 
withj^thalic  add,  yield,  aocormng  to  the  conditions  of  the  reaction,  either  a  phthalein 
by  combination  of  1  mol.  phthalie  anhvdride  with  2  mols.  of  the  phenol,  or  an  oxy- 
anthraquinone  by  combination  of  1  mol.  phthalie  anhydride  with  1  mol.  of  the  phenol. 
The  reactions  take  place  with  or  without  the  assistance  of  a  dehydrating  agent.  At  a 
moderate  heat  and  with  a  moderate  proportion  of  the  dehydrant,  phthaleins  are  formed, 
at  higher  temperat ores,  and  wiUi  a  larger  proportion  of  the  deJiydrant,  the  product  is 
an  oxyanthraquinone.  Besordn  and  pyrogallol,  even  without  the  aid  of  sulphuric 
add,  ^ways  yield  phthaleins ;  phenol,  hydroquinone,  and  pvrocatechin,  on  the  other 
hand,  do  not  act  upon  phthalie  acid  without  the  aid  of  sulphuric  add,  but  with  the 
assistaiice  of  that  acid  they  produce  phthaleins  or  oxyanthraquinones  according  to 
the  dreumstances  above  mentioned. 

1.  MoKOXTAHTHiiAQUiKoini,  C'*H"0'. — Of  this  compound  there  are  two  modiflca- 
tiotts,  distinguished  by  Uie  names  oxyanthraijiuinone  and  eruthroxyantkraquinone,  both 
produced  by  the  action  of  phthalie  anhydride  on  phenol  in  presence  of  sulphuric 
add: 

C«H*0«  +  C«H«0  -  H«0  +  C'«H»0». 

When  the  mixture  of  these  substances  is  gently  warmed,  it  gradually  assumes  a 
brownish-yellow  colour,  from  formation  of  pkenoUpnthalem,  On  adding  more  sulphuric 
add,  pheoiolphthalein-sulphonic  add  Ib  produced,  and  if  the  heating  be  continuea,  and 
the  temperature  raised,  the  colour  changes  finally  to  a  brownish-yellow.  The  addi- 
tion of  water  at  this  stage  causes  the  precipitation  of  yellow  or  brownish  fiocculi,  con- 
sisting of  a  mixture  of  ue  two  oxyanthraquinones.  The  formation  of  the  ijhthalein 
does  not  appear  to  be  eg&ential  to  the  production  of  oxyanthiaquinioiat,  uuca  Hi  ^\i«uc\ 
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be  added  to  a  sufficiently  hot  miztore  of  phthalic  acid  with  sulphuric  add,  the  an- 
thraquinone  is  obtained  without  coloration  due  to  the  phthalein  being  obserred ;  and 
as  phenolsulphonic  acid,  phenol-disulphonic  acid,  and  ozysulphobenside  pie  a  similar 
result,  there  is  reason  to  suppose  that  the  phenol-phthalein  is  conyertod  by  heatii^( 
into  phthalic  add  and  a  sulpno-add  of  phenol,  which  substances,  at  a  higher  temper- 
ature, gradually  react  to  form  oxyanthraquinone : — 

C»H*0»  +  20«H«0  =  H«0  +  C?»H"0«; 

CttH»K)«  +  4S0*H«  -  20«H«SK)'  +   3HK)  +  C"H*0»; 

C«H*0»  +  C«H«S«0»  +  H«0  =  2S0«H«  +  C»«H»0». 

Salicylic  add,  anisol,  and  even  anisic  add  behave  like  phenol ;  with  saliinrlic  add, 
particularly  when  small  quantities  are  employed,  the  reaction  takes  place  with  greater 
regularity  than  with  phenoL 

The  two  ozyanthiaquinones  may  be  separated  by  taking  advantage  of  the  fact  that 
when  the  former  is  boiled  wiUi  water  and  barium  carbonate,  it  forms  a  soluble  barium 
derivative,  whereas  the  latter  is  without  action  on  the  carbonate. 

Ozyanthraquinone,  the  modification  which  Liebermann  obtained  by  the  action 
of  melting  potash  onanthraquinone-monosulphonicacid,  crystallises  fiK>m  hot  alcoholic 
solution  in  yellow  laminse  or  needles,  and  from  gladal  acetic  acid  in  long  silky  needles. 
It  does  not  melt  at  285^,  but  sublimes  at  a  higher  temperature  in  lemon-yellow 
laminiB.  When  heated  with  zinc-dust,  it  yields  anthracene,  and  when  warmea  with 
fuming  nitric  add,  lai;^  quantities  of  phthalic  add. 

Oxyanthraquinone  is  veiy  soluble  in  water.  It  dissolves  in  alkalis,  forming  red- 
dish-yellow solutions;  also  in  lime  and  baiyta-water.  Its  solution  in  hot  strong 
baryta-water  deposits  red  crystals,  which,  after  dr^ng  at  130°,  have  the  compoddon 
represented  by  tne  formula  (C'*H^O')*Ba.  It  is  insoluble  in  acidulated  water.  Its 
acetyl  denvoHve,  C**H7(C^'0)0*,  c^stallises  &om  alcohol  in  small  yellowish 
matted  needles  (Liebermann,  Liebi^s  Annalen,  dzzziii.  145). 

Erythrozyanthraquinone  crystallises  from  alcohol  in  groups  of  pomegra- 
nate-yellow needles,  which  are  more  soluble  in  hot  than  in  cold  alcohoL  It  melto  at 
173°-180°,  but  sublimes  already  at  150°,  condenmng  in  long  reddish-yellow  needles 
of  the  colour  of  alizarin ;  when  sublimed  it  crystallises  in  veiy  fine  needles.  It  is 
almost  insoluble  in  dilute  ammonia,  and  only  slightly  soluble  in  concentrated 
ammonia.  With  baiyta  or  lime-water  it  yields  a  ^irk-red,  c^ost  insoluble  lake, 
which  is  decomposed  by  carbonic  acid.  The  absorption-spectrum  of  a  solution  oi 
erythrozvanthraquinone  in  concentrated  sulphuric  acid  exhibits  a  narrow  band  in  the 
green,  which  does  not  appear  in  that  of  the  isomeric  body.  Both  yield  ordinary 
alizarin  when  fused  with  potasdum  hydrate ;  the  erythrozyanthraquinone,  however,  is 
less  readily  acted  upon  (Baeyer  a.  Oaro) 

Blpxyantbraqnlnonest  C*«H*0« » C*«H^OH)'0«.  These  compounds 
admit  of  numerous  modifications,  depending  :  1.  On  the  manner  in  which  the  car- 
bon-atoms in  the  group  CO*  are  connected  with  the  two  benzene-reddues  CH^ — 
2.  On  the  relative  positions  of  the  two  hydrozyl-groups,  which  may  be  dtuated 
either  (a)  in  the  same  benzene-group,  but  in  different  podtions  (ortho-,  meta-,  para-) 
with  regard  to  each  other.  (jS).  In  different  benzene-groups,  and  likewise  in  dirorent 
positions  with  regard  to  each  other. 

The  number  of  possible  diozyanthraquinones  is  therefore  very  condderable.  Ot 
these,  however,  only  dght  are  at  present  known :  their  names  are  ^ven  in  the  follow- 
ing table,  together  with  the  melting  points  of  their  diacetyl-derivatives : — 

M.  P.  of  C»*H«(C^"0«)«0*. 

Alizarin 160° 

Quinizarin 200^ 

Purpurozanthin 184° 

Antnraflavic  add 228° 

Isoanthrafiavic  acid 175°-180° 

Anthrafiavone        .        •         •        .        •        •        •         not  determined 

Ghiysadn 220°-280° 

Frangulicadd 184° 

L  Dioxyanthraquinonea,    0«H*<^^C«H«(OH)». 

^  Allsarln.    Formation  from  FyrooaUokin. — ^When  pyrocatechin  is  gently  heated 
with  phthalic  anhydride  and  sulphuric  add,  the  corresponding  phthalein  is  apparently 
produced;  bnt  if  the  temperature  be  raised  to  140°,  the  colour  changes  from  rose-red 
Uf  brown,  and  after  a  time  water  precipitateB  a  \)icrinDiaV\AfiA\L  ma&a;  *\!Vv!^  T«si^<^ 
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from  the  alcoholic  extract  of  this  mass  yields  alizarin  on  sublimatioiL  Guaiacol 
behayee  in  a  similar  manner.  Protocatechnio  acid  also  yields  traces  of  alizarin,  bnt 
is  in  great  part  decomposed  in  other  ways.  Hydroqninone  heated  in  like  manner 
yieldB  quinizarin. 

iV«)aratt(m.— Liebermann  a.  Troechke  (DetU,  Chem,  Ge$,  Ber.  viii.  379)  prepare 
pnre  aUzarin  by  dissolvinff  the  commercial  product  in  caustic  soda,  precipitating  the 
aodinm  alixarate  widi  carbonic  acid,  then  decomposing  it  with  an  acid,  and,  after  re- 
peating these  operations  three  times,  boiling  the  partially  purified  alizarin  with  excess 
of  baryta  to  remove  monoxyanthraquinone,  and  decomposing  the  barium  compound  of 
alizarin  with  an  acid. 

On  the  separation  of  Alizarin  from  Monoxyanthraquinone,  see  also  Willgerodt 
{DiMgl  pU,  J.  ocxYii.  288 ;  Chem.  8oe,  Jour.  1876,  i.  249). 

On  the  preparation  of  Artificial  Alizarin,  see  also  A.  Ott  (Chem,  News,  xxx.  113). 
Melting  Point.^AccoMng  to  Claus  a.  Willgerodt  (DetU,  Chem,  Gee.  Ber.  viii. 
630),  perfectly  pnre  alizarin  melts  at  a  temperature  mucA  higher  than  that  usually 
assigned  to  it  (216°),  namely,  at  289^-290°. 

ReaeHon  with  Nitnme  Acid^ — When  potassium  nitrite  is  giadually  added  to  a 
solution  of  artificial  alizarin  in  strong  sulphuric  acid,  or  when  nitrous  Tapours  (from 
nitric  acid  and  stiurch)  are  passed  throuflfn  the  same  solution,  the  original  deep  red 
colour  of  the  liquid  changes  to  brown,  and  a  drop  of  the  mixture  added  to  caustic  soda 
giyes  no  longer  the  violet-red  reaction  of  alizarin,  but  a  yellow-red  coloration.  On 
farther  addition  of  the  nitrite,  the  colour  of  the  liquid  ultimately  becomes  deep  wine- 
yellow,  a  drop  of  it  no  longer  gives  any  colour-reaction  with  soda,  and  on  pouring  it 
into  water,  a  precipitate  of  anthraquinone  is  obtained,  amounting  to  about  a  third  of 
the  alizarin  employed.  On  mixing  the  yellow  filtrate  with  calcium  carbonate,  preci- 
pitating the  calcium  with  sodium  carbonate,  and  evaporating  the  filtered  liquid  to 
dx^ess,  an  orange-yellow  residue  is  left  containing  an  anthraquinone-monoeuiphonic 
aad.    The  reaction  may  be  represented  by  the  following  equations : 

C»H*<^^C«H2(0H)«  ' 

+  4N0«H   +  SO«H«  -  4N0»H  +   H«0 

+  C«H*<^^C*H«  +  C*HVC^^0«H»(SO«H). 
AUaoin  (S  mols.)  AnthraqniQone.        Anthraqulnoae-monotnlxriionlo  add. 

^  Precisely  the  same  result  is  obtained  with  sublimed  natural  alizarin,  showing  that 
it  is  not  due  to  the  pre-existence  of  anthraquinone  in  the  artificial  alizarin.  The 
reaction  likewise  goes  on  in  the  same  way  when  glacial  acetic  add  instead  of  sulphuric 
acid  is  used  to  dissolve  the  alizarin. 

The  above-mentioned  colour-reaction  with  sodium  hydrate  shows  that  the 
alizarin  is  first  converted  into  monoxyanthraquinone,  and  afterwards  into  anthra- 
quinone. 

iVifpttrui,  natural  or  artificial,  when  similarly  treated,  gives  the  same  final  result, 
but  does  not  appear  to  be  first  converted  into  alizarin,  the  deep  red  alkali  reaction  of 
purpurin  quickly  passing  into  wine-red,  but  not  into  violet.  This  agrees  with  the 
observation  of  Rosenstiehl,  that  purpurin  is  converted  by  reduction,  not  into  alizarin, 
but  into  purpuroxanthin  (Nienhans,  IknU,  Chem.  Gee,  Ber,  tiii.  774). 

On  the  faction  of  Acids  in  Dyeing  with  Alizarin,  see  BosensUehl  {Compt,  rend. 
Izxxii.  86). 

On  Alizarin  as  an  indicator  in  Volumetric  Analysis,  see  Analysis  (p.  83). 

Bromaliearin,  C»«HrBrO*  (Perkin,  Chem  8oc.  Jour,  [2J,  xii.  401).— -This  com- 
pound  is  prepared  by  heating  about  3  parts  of  pure  dry  alizarin  and  2\  parts  bromine 
dissolved  in  carbon  sulphide,  to  180^-190°  in  sealed  tubes  for  four  or  five  hours,  open- 
ing the  tubes  when  the  reaction  is  completed,  to  allow  the  excess  of  hydrogen 
bromide  to  escape,  and  transferring  the  contents  to  a  shallow  dish  to  allow  the  carbon 
sulphide  and  the  remaining  bromine  to  evaporate.  The  orange-coloured  powder 
thus  obtained  may  be  purified  by  two  or  three  crystallisations  from  glacial  acetic 
acid. 

Bromalizarm  thus  prepared  crystallises  in  orange  or  brownish-orange-coloured 
needles,  often  grouped  in  small  tufts.  When  heated  slowly,  it  first  melts  to  a  brown 
liquid,  'li^ich  solidifies  to  a  crystalline  mass  on  cooling ;  but,  if  fHirther  heated,  it  ffives 
off  orange-coloured  vapours,  which  when  condensed  form  a  sublimate  of  feauiery 
groups  of  needles  of  a  bright  orange-red  colour,  consisting  apparently  of  unchanged 
bxomalizarin. 

BromBlimiin  dieaoiveB  with  dOBculty  in  alcohol,  but  more  readily  m  %\«A>al  ^ob*^^ 


^H<Sg>OiH«(OH)« 
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acid.  It  diraolyes  in  a  solution  of  potassium  hydrate  with  a  blue  colour ;  in  am- 
monia, and  in  sodium  carbonate,  with  a  purple  colour.  The  coloured  solutioiui 
inroduced  by  these  rea^nts  are  exactly  of  tne  same  tint  as  those  given  bv  alisarin. 
The  solution  in  potassium  hydrate  also  gives  the  same  bands  when  viewea  with  tiia 
spectroscope. 

As  a  ayeing  agent,  bromalixarin  retains  all  the  properties  of  combining  with 
mordants  possessed  by  alisarin,  and  the  colours  produced  by  it  appear  to  be  equally 
fifist.  The  shade  of  colour  produced  is,  however,  not  the  same,  the  reds  being  less 
purple  and  the  purples  less  blue  than  those  produced  with  alizarin. 

Bromalizarin  heated  to  100^  with  ammonia  in  a  sealed  tube  is  quickly  converted 
into  an  indigo-blue  nitrogenous  product  It  is  rapidly  attacked  by  nitrie  acid,  the 
mixture  when  heated  giving  off  abundance  of  red  fames  and  bromine- vapour,  and 

C'dding  a  solution  containing  oxalic  and  phthalic  acids.  From  the  formation  of  the 
tter  add,  it  may  be  inferred  that  the  bromine  in  bromalizarin  exists  in  the  carbon- 
group  which  contains  the  two  hydroxyls,  as  otherwise  the  product  of  the  oxidation 
2iouId  be  a  bromophthalic  acid. 

The  formula  of  bromalizarin  may  therefore  be  written  : — 

0-H*<;g^C«HBr(Ofl)«. 

iOH 
0  CK^CSO^* '  "*  formed  by  treating  alisarin 

with  dinitrophenyl  chloride  (Qaus  a.  Willgerodt,  Jkut,  Chem,  Gea.  Ber,  viii.  680). 

anlnisarln  (F.  Grimm,  Deut,  Ckem.  Qe8.  Ber.  vi.  506).  This  body  is  pro- 
duced, simultaneously  with  the  phthaldn  of  hydroquinone,  by  heating  hycboquinone 
to  180^-140^  wiUi  strong  sulphuric  acid  and  phthalic  anhydride : 

Qolnlnrin. 

C»H*0«  +  2C«H«0»  =  2EP0  +  C»H>«0» 

Hydroquinone 
-phthaMn. 

The  quantities  of  the  two  compounds  actually  obtained  are  however  much  below 
those  required  by  the  preceding  equations,  vis.,  20  to  25  per  cent,  of  the  theoretical 
amount  of  the  phthalein,  and  only  1  to  2  per  cent,  of  the  quinizarin. 

Quinizarin  is  likewise  formed  by  the  action  of  phthalic  anhydride  on  all  substances 
which,  when  heated  with  sulphuric  acid,  yield  either  hydroquinone  or  its  sulpho-deri- 
vatives.  Thus  it  is  formed  m>m  quinic  add,  which  is  converted  into  a-hydroquinone- 
diBulphonic  acid  on  heating  with  sulphuric  add ;  and  &om  potassium  thiochronate, 
which,  when  heated  with  crolphuric  add^  furnishes  iS-hydroquinonedisulphonie  add. 

Quinizarin  crystallises  from  alcohol  in  red  needles,  from  ether  in  yellow  plates ;  it 
melts  at  1 94^-1  d5°  (uncorrected)  after  sublimation ;  at  192^-193^  after  crystallisation 
from  idcohol.  It  perhaps  bears  to  mu:DJistin  the  same  relation  as  alizarin  to  purpurin. 
With  alkalis  it  gives  a  blue  solution  with  a  slight  violet  tint ;  with  baryta,  a  beautiful 
blue-violet  compound ;  with  alumina,  a  red  lake  with  a  violet  shade ;  and  with 
magnesia,  a  deep  blue  violet.  The  weak  alkaline  solution  becomes  brown-red 
on  the  addition  of  ferric  chloride,  and  gives  a  dark  red  precipitate  with  lead 
acetate. 

Quinizarin,  in  most  of  its  properties^  bears  a  strong  resemblance  to  alizarin,  and, 
like  the  latter,  yields  anthracene  (m.  p.  210^-212^^  when  heated  with  zinc-dust. 
The  diief  differences  between  the  two  are  that  alizarin  gives  greenish-yellow  fluores- 
cent solutions,  whereas  quinizarin  gives  non-fluorescent  solutions,  and  that  the  spectra 
of  the  two  exhibit  different  absorption-bands.  A  comparative  table  of  these  spectra 
is  given  in  Ghimm's  paper  above  referred  to. 

ConstUnticm  of  Alisarin  and  Quinizarin, — ^These  two  dioxyanthraquinones,  beiiig 
formed  by  the  action  of  phthalic  anhydride  and  sulphuric  acid  on  dioxybenzenes,  the 
former  nom  pyrocatechin,  the  latter  from  hydroquinone,  must  have  thdr  two 
hydroxyls  in  the  same  benzene-nudeus ;  that  is  to  say,  they  must  both  be  represented 
by  the  formula : 

C^*<^^C«H«(OH)«. 

Moreover,  they  must  have  their  hydroxyls  in  the  same  relative  positions  as  in  the 
phenols  from  which  they  are  derived,  wmch  will  therefore  be,  for  alizarin  1  :  2,  and 
nir  quinizarin  1  :  4.  There  still,  however,  remains  a  question  as  to  the  mode  of  at- 
tachment of  the  ketonic  groups,  00,  to  the  two  benzene-nudei.  Now  the  formation 
of  alizarin  from  phthalic  add,  and  its  conversion  into  that  add  by  oxidation,  afford 
suScient  proof  that  the  two  OO-groups  are  attAdied  tA  ooiitig^Qua  easbou-atoms  of 
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one  of  the  bemene-imclei.  Bat  with  regard  to  their  mode  of  attachment  to  the 
other  benzene-groap  we  cannot  at  present  speak  with  equal  cextaintj.  It  has  indeed 
been  shown  bj  Behr  a.  van  Dorp  (p.  92)  that  anthracene  (and  therefore  anthraqni'* 
none)  is  not  a  paia-deriTatiye  of  benzene ;  consequently,  the  two  carbon-atoms  in  the 
eeccmd  benzene-group  to  which  the  CO- groups  are  attached  cannot  be  in  the  pecra- 
pooition  with  regard  to  each  other ;  and  this  oondnsion  is  confirmed  hy  the  formation 
of  two  isomeric  monozyanthraqoinones  (p.  100) :  for  a  para-derirative  in  which  the 
two  substituted  radicles  are  identical  cannot  Yield  more  than  one  tri-derivaftiTe 
(para-dibromobensene,  for  example,  yields  only  one  mononitro-dibromo-benzene). 
Sut  whether  the  two  carbon-atoms  in  question  are  in  the  relatiye  position  1  :  2  or 
1  :  8  must  for  the  present  remain  undecided,  although  the  balance  of  evidence  ap- 
pears to  be  in  favour  of  the  1  :  2  position  (p.  02).  In  the  former  case  the  formukb 
to  be  assigned  to  alizarin  and  quiniiarin  are : — 

Alixarln.  Qhlniwrin. 

OH  OH 

<co— o/^ooH  xa-c/'^^JH 

CO—Cv  ^^OH  XIO— Cv  ^OH 


OH 


In  the  latter : — 


OH 


l^/hcF      ^COH  ch^/hoc^       ^OOH 

^00 — -b C  CO C=Q 


^co — -b — c  CO — c= 

H  H 

Alisarln.  Quioisarin. 

(Baeyer  a.  Oaro,  Devi,  Chem,  Get,  Bmr,  vii.  068). 

8.  >Mpqro¥aiithni,  C<H«.CK)^C«HXOH)*.  This  diozyanthraquinone  was  first 
obtained  by  Schutcenbeiger  fh>m  madder  (2nd  Suppl.  1027}.  It  may  be  prepared 
artificially  finmi  purpurin  by  reduction  with  stannous  ehlonde  (Schiitzenberger)  or 
with  j^faoephorus;  A  hot  alkaline  solution  of  purpurin  dissolves  phosphorus  without 
evdlntion  of  hydrogen,  and  the  purpurin  is  quickly  reduced  to  purpurozanthin,  which 
may  easily  be  separated  from  the  solution  as  a  bright  yellow  crystalline  powder 
(Bosenstiehl,  Compt,  rend.  Izziz.  764).  It  is  also  fbrm^  by  the  action  of  nitrous  acid 
on  purpuramide  (Liebermann  a.  Fischer,  Dent.  Chem,  Oee,  Ber,  viii.  974): 

C»«H>NO*  +  NO«H  +  H«  =  C»«H»0«  +   N«  +  2H«0. 

Pnrpurozanthin  sublimes  in  needles  of  the  same  colour  as  alizarin ;  it  dissolves  in 
acetic  add,  alcohol,  and  benzene,  also  in  alkalis,  forming  solutions  of  a  beautiAil  red 
colour,  which  is  changed  to  brownish  by  reducing  agents,  but  reappears  on  pouring 
the  li(}uid  into  addulated  water  (Bosenstiehl).  According  to  Bosenstiehl,  it  (K)es  not 
dye  with  iron  or  alumina  mordants ;  according  to  Schutsenbexger,  on  the  contrary,  it 
dyes  pale  grey  with  the  former,  orange-yellow  with  the  latter,  the  colours  being  how- 
ever less  pure  than  those  of  puipurin. 

Ponmrozanthin  boiled  with  hydriodic  acid  and  phosphorus  is  first  reduced  to  a 
greenish-yellow  body,  (C*H**0\  or  C**H*'0*),  which  dyes  alumina  mordants  likequer- 
dtion ;  but^  by  prolonf;ing  the  action,  anthiacene  is  obtained,  as  is  likewise  the  case 
when  pnrpurozanthin  is  treated  with  zinc-dust  When  boiled  in  alkaline  solution, 
purpurozanthin  is  ozidised  to  purpurin,  identical  with  that  of  madder,  and  with  that 
which  is  formed  by  the  ozidation  of  alizarin  (Boeenstiehl). 

The  formation  of  purpurozanthin  by  reduction  of  puipurin,  and  its  reconversion 
into  purpurin  by  ozidation,  show  that  these  two  colouring  matters  are  similarly  oon- 
sUtuted.  Now  Baeyer  has  lately  shown  that  in  purpurin  the  three  hydrozyls  are 
situated  in  the  same  benzene-nudeus :  consequently,  purpurozanthin  must»  like 
alizarin  and  quinizarin,  have  its  two  hydrozyU  in  the  same  benzene-group;  and 
this  oondumon  is  confirmed  by^  the  observation  that  purpurozantiiin  when  ozidised 
with  nitric  add  is  converted  into  phthalie  add,  together  with  (malic  add  and  a 
rennous  substance  (Liebermann  a.  fischer).  Moreover,  dnce  alizarin  and  quinizarin 
have  their  two  hydrozyls  in  the  ortho-  and  para-positions  respectively,  it  foUows  that 
in  purpurozanthin  the  two  hydrozyl-groups  must  be  to  one  another  in  the  meta- 
pomtioB  2  :  3. 


^ 
^ 


b 
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FarpoToxnnCliiii   houled  with  aqneaus  smmoDia   is    coDTsrlmi   into  an  aiE 
fcom  wtaich  it  has  aot  Jet  been  found  poasible  U>  elimiiuitA  Iha  unidogeD-eranp. 

DiOBityl-piirpuroxaHthin,  C"H*(CH*0')0',  cryathlliBen  in  light  yJlow  Deadloi 
mdUng  at  18S''-184°  (LiabarmanQ  a.  Fischer). 

ParpKTOTasthio  Acid.  C'B.'O*  -  C'H'O'.CO'H  (Schunck  b.  Eoflmor,  CJe™, 
Soc.  Jtxtr.  1877,  i.  666 ;  DaU.  Claim.  Gu.  Bar.  x.  17'2).^Jhiii  compuaud,  reUted  xo 
pniparazaathiD  in  ihe  sune  manner  as  oxjbeoEoic  acid  to  phengl,  in  one  of  tba  OOD- 
stituQntfl  of  m&ddar,  and  may  bo  eztractod  from  commarcial  purpnriD  by  tnodnff 
that  nibstancs  with  boiling  slum-iiqnor ;  adding  hydrochloric  acid  to  the  viliition  j 
IreatJnff  tJie  reenlUDg  precipitate  with  boiling  alcohol,  which  partly  dissolves  it,  and 
the  uDitiasolred  portion  with  boiling  olcahol  slightly  acidulated  witli  hydroehlorie 
acid,  wheraupon  it  dissolve*,  forming  a  solntios  whicb  deposits  a  small  quantity  of 
CTjstalliud  purpnraiantbic  add.  Ad  odditinaal  quantity  was  obtained  from  the 
mothsT'liquoT,  which  ramained  aftec  recrfstalLising  the  purporin  (portl;  pnriSed  u 
above)  trom  boiling  alcohol.  This  mother-liquor,  wbii^  also  contained  alixaric, 
purpurin.  and  a  substance  (not  jsC  identified)  soluble  in  biallng  baiyta-water,  wni 
evaporated  to  dryueia,  and  the  residue  iras  treated  with  boiling  water,  in  whicb  pur- 
puKiiantbic  acid  diasolTea  mors  readily  than  the  other  substauces.  The  filtered 
liquid  mixed  with  hydrochloric  acid  gave  an  abundant  orange-cotoured  precipitate, 
which  was  treated  with  boiling-water,  to  remove  t  ho  purpnroianthin  and  the  un- 
knoi™  substance  accompaBjing  it,  the  barium  purpuroianthateremnininguodissolTed. 
This  rait  wa«  dMompoeed  witi  hydrochloric  acid,  and  the  liberated  pnTpniwiantJiic 
acid  WAS  crystallised  from  boiling  altMhol,  the  accompanying  traces  of  alizarin  and 
parpurin  remaining  in  the  alcoitoUc  mother-liquor.  After  two  or  throe  cryslAllisa. 
tions  from  glacial  acetic  acid,  it  was  obtained  pore. 

Purpnroianthic  acid  poasoasea  properties  bj  which  it  may  readily  be  diatingiiiahed 
&om  pseudopurpurin,  puipuroianthia,  and  the  other  colouring  matters  deacribed 
by  Schiitzenberger  and  Schiffirt,  as  existing  iu  crude  purpurin  (iv.  751).  It  melta 
at  2B1°,  and  splits  up  between  332°  and  233°  into  pnrputoianthin  and  carbon 
dioxide,  so  that  it  con  scarcely  be  sublimed  without  decani  position.  It  is  more 
soluble  in  boiling  water  than  most  maddor-colouring  matters,  and  forma  a  yellow 
solution  which  deposits  ci^slallino  flocks  on  standing.  It  dissolves  easily  in  hot 
Bptri«  of  wina,  gifing  a  yellow  »olution,  which  on  onoling  depoiits  yoUow  liutpoas 

needles.   These  needles,  on  eiposure  to  the  air,  gradnally  become  doll,  appareDtty  from 
loss  of  water  of  cryatallisntian.     ConcoDtrsIed  alcoholic  solutions,  however,  frequently 

Geld  cryatalliue  plates,  which  retain  their  lustre  when  healed,  and  ore  therefore  pro- 
,bly  onhydrODB.  Pnrpuroiaothic  acid  dissolree  easily  in  gladal  acetic  add  on 
boiling,  giving  a  yellow  solntion  with  a  slight  green  fluoresceuce.  which,  on  cooling, 
deposits  yellow  shining  mioueons  scales  resembling  iodide  of  lead.  Dilute  solutJoos 
deposit  on  standing  long  nystalline  needles  of  a  deep  yellow  or  reddish-yellow  colonc. 
On  one  occasion  flat  triangular  plates  were  obtained,  which  became  completely  opaque 
on  drying. 

Purpnroianthic  acid  is  soluble  in  ether,  chloroform,  and  bensane.  Il  dissolves  in 
concentrated  sulphuric  aiid,  giving  an  Intenaely  yellow  solution,  which  shows  no 
absorption-bands.  It  iu  eiuity  decomposed  by  trealmeot  with  boiling  nitric  acid  of 
ordinary  strenglli.  It  dissolvoa  in  eaustJc  potash,  yielding  ii  snlutiou  resembling  in 
colour  alkaline  solutions  of  purpuroiantbio,  but  with  a  more  decided  i«d  tinge;  it 
shows  no  truce  of  absorption-bands.  VThen  treated  for  some  timewitb  boiling  cauxtic 
potash-ley,  purpuroianlhic  acid  yields  purpurin,  bnt  whether  purpuroiantliin  is 
formed  as  on  intermediate  product  has  not  been  axcertained.  It  is  quiti^  insoluble  tu 
baryta-  and  lime-water.  The  ammoniacal  solution  gives  red  precipitatea  with  the 
chlorides  of  barium  and  calcium.  An  alkaline  solution  gives  with  alum  a  preci[ntale 
which  dissolves  completely  in  an  excess  of  boiling  alum-liquor,  yielding;  a  veltow 
solution  which  is  not  fluorescent,  and  shows  no  absorptiun -bands ;  on  stanifing  it 
deposits  orange- coloured  flocks. 

Purpuroxanthic  acid  dissolves  in  a  boiling  solution  of  ferric  chloride,  with  det^ 
reddisb-brown  colour,  and  is  reprecipilated  by  hydrochloric  und  in  yellow  flocks. 
The  alcoholic  solution  gives  with  acetate  of  lead  an  orange^colonred  precipitale,  the 
BupemstAUt  liquid  being  colourless.  Since  purpuroiantbin  is  not  precipitated  ttont 
its  alcoholic  solution  by  acetate  of  lead,  the  two  substances  may  by  this  means  be 
distinguished  as  easily  as  by  the  difference  in  their  barium  compounds.  Furpnro- 
lanthic  acid  in  thefreshly'p'Bcipitated  slate  dyes  ainmina  mordnnt^  an  orange,  and  iron 
mordants  a  brown  colour ;  but  the  colours  are  fugitive,  and  disappear  entirely  on 
treatment  with  boiling  soa^liquor. 

PiirpuiDianthic  acid  is  identical  with  the  substance  called  t-purpurin,  which 
Hosensliehl  obtained  by  boiling  psendopurpurin  with  water  {Coitipt.  rend,  Ixxiiii. 
S27J.     RoBeohtiehl  at  first    rrgnrdcd  thie  i-ul>Htaui:v  ivb  an  Swi«i«'vio  cS  \«.tYm\v.  VW 
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he  hBB  rince  recognised  ite  identity  with  pnrpurozanthic  add  (thid,  Izxxiy.  650). 
Munistin,  the  colouring  matter  obtained  b^  Stenhonse  from  mni^jeet  or  East  Indian 
madder  (iii.  1061),  is  also  most  probably  identical  with  porporozanthio  acid.  Its 
oomposition,  ae  determined  by  Stenhonse,  agrees  indeed  more  nearly  with  the  formula 
CP*H«0»  than  with  C**flH)« ;  but  its  prindoal  properties  are  exactly  those  of  purpur- 
oxanthic  acid,  as  Schunck  a.  Boemer  find  that  it  begins  to  soften  at  225^,  meuj  com- 
pletely at  230^,  is  resolved  at  a  higher  temperature  into  carbon  dioxide  and 
puzpuzozanthin,  and  is  converted  by  Aision  with  caustic  alkali  into  purpurin. 

IL  Dioxpanthraquinones,  CB^ORX^^^G'H^OR), 

4  and  5.  JknthmllaTie  and  Xso-antliraflaTio  Adds  (Schunck  a.  Boemer, 
DmU.  Chem,  Ges,  Ber,  viii.  1628;  ix.  879;  Ferkm,  Chem,  Soe.Jour.  1876,  i.  851). 
Anthraflavic  acid,  an  iaomeride  of  alizarin,  was  ori^nally  obtained  as  a  bye-pioduct 
in  the  preparation  of  the  latter  by  melting  anthraqumone-disulphonic  acid  with  potash 
{2md  »^pl.  86). 

Iso-anthraflavic  acid  was  prepared  by  Schunck  a.  Boemer,  fh>m  a  bye-product 
obtained  in  Ferkin's  alizarin  workis,  by  treating  crude  alizarin  (prepared  <miefly  from 
anthraquinone-disulphonic  acid)  wiUi  lime-water,  and  precipitating  the  red  extract 
with  hydrochloric  acid.  This  precipitate  having  been  med  m>m  a  small  quantity  of 
anthraqninone  by  solution  in  dilute  caustic  soda-ley,  the  filtrate  mixed  with  hydro- 
chloric acid  yi^ded  a  yellow  eelatinous  precipitate,  partly  soluble  in  cold  biuyta- 
water,  and  forming  a  blood-red  solution  from  which  acids  threw  down  a  yellow 
gelatinous  precipitate  of  iso-anthraflavic  acid.  By  repeated  crystallisation  f^om 
alcohol,  this  compound  is  obtained  mostly  in  long  yellow  needles;  sometimes, 
however,  in  laminae,  which  may  be  converted  into  the  needles  by  further  ciystalli- 
sation. 

The  portion  of  the  original  precipitate  which  is  soluble  only  in  hot  baryta-water 
oonsists  of  anthraflavie  acid. 

Perkin  has  obtained  isoMinthraflavic  acid  directly  f^m  anthraquinone-disulphonic 
acid,  by  heating  a  salt  of  that  acid  with  dilute  potash-solution  (containing  5  per  cent. 
KHO).  The  mixture  was  placed  in  a  strong  mercury  bottle,  the  plug  beinff  well 
luted  and  tightly  screwed  down,  and  then  heated  in  an  oil-bath  to  180^-190^  for  six 
or  seven  hours.  In  this  way  scarcely  any  anthrapurpurin  was  formed,  the  product 
being  a  red-brown  solution.  On  treating  this  with  acids,  large  quantities  of  sulphur- 
ous anhydride  were  given  ofl^  and  a  yellow  precipitate  was  formed ;  this  was  collected 
on  a  filter  and  washed.  On  treating  it  with  cold  baryta-water  it  mostly  dissolved. 
The  solution  when  concentrated  deposited  a  dark-coloured  product,  apparently  crude 
barium  anthraflavate,  leaving  a  dark-red  solution,  which,  when  acimfied,  gave  a 
greenish-yellow  precipitate  containing  a  large  quantity  of  iso-anthraflavic  acid, 
pnrifiable  by  repeated  ciystallisatiun  fh>m  glacial  acetic  add,  in  which  it  is  slightly 
■dliible. 

The  crystals  of  iso-anthiaflavic  acid  contain  several  molecules  of  water,  the  last  of 
which  they  do  not  give  off  till  heated  to  120^-150®,  at  which  temperature  they  also 
lose  their  lustre.  Gold  baryta-  and  lime-water  dissolve  iso-anthrafiavic  acid  with 
dark-red  colour.    It  does  not  possess  tinctorial  properties. 

By  fiision  with  potash,  iso-anthrafiavic  acid  is  converted  into  anthrapurpurin,  and 
anthrafiavic  add  into  fiavopurpurin*  (p.  111). 

Barium  htHuUkraflavate,  C**H*BaO*,  is  very  soluble  in  water,  and  crystallises, 
though  with  some  difficulty,  in  dark  red  shining  needles,  which  decompose  readily  on 
exposure  to  the  air,  and  give  off  their  water  of  crystallisation  at  150°. 

Bairknn  Asitkrafiavate  is  but  very  slightly  soluble  in  cold  water.  It  resembles 
the  iso-anthraflavate  in  appearance,  and  is  likewise  decomposed,  though  lees  quickly, 
on  exposure  to  the  air.  The  crystals,  when  left  over  sulphuric  acid,  give  off  a  large 
quantity  of  water,  lose  their  lustre,  and  become  lighter-coloured.  The  last  two 
molecules  of  water  are  given  off  at  150^-180*'  (Schunck  a.  Boemer).  According  to 
Perkin,  the  salt  dried  at  180°  has  the  compontion  2C*«H*BaO«  +  H'0. 

The  following  table  exhibits  a  comparative  view  of  the  properties  of  the  two 
isomeric  adds : — 

*  It  woold  be  better  if  the  names  of  the  two  aoids  woto  tnnsposed. 
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Ito-anthrafiavic  Acid, 

Crystallises  from  aqaeoiu  alcohol  vith 

water  of  crystallisation. 
Melts  above  830^. 
Less  soluble  in  glacial  acetic  acid  than  in 

alcohol. 
Nearly  insoluble  in  benzene,  chloroform, 

and  ether. 
Dissolyes  in  hot  concentrated  sulphuric 

acid  with  deep  red  colour. 
Easily  soluble  in  cold  baryta-water. 
Easily  soluble  in  lime-water. 

From  the  aqueous  solution  of  the  barium 
salt,  carbonic  acid  separates  free  iso- 
anthraflavic  acid,  but  the  salt  is  repro- 
duced on  boiling. 

Soluble  in  alcohobc  acetate  of  lead. 

The  solutions  in  alkalis  and  alkaline 
earths  haye  a  deep  red  colour. 

Sublimes  in  shining  yellow  needles  and 

laminae. 
Does  not  colour  mordants. 


Anthrqfiavio  AM, 
Crystallises  without  water. 

The  same. 
The  same. 

The  same. 

Dissolves  in  strong  sulphuric  acid  witn 

yellow  colour. 
Insoluble  in  cold  baryta-water. 
Slightly  soluble  in  cold,  nearly  insoluble 

in  hot  lime-water. 
The  same. 


The  same. 

The  solutions  in  alkalis  and  alkaline 
earths  have  a  more  or  less  yellowish- 
red  colour. 

The  same. 

The  same. 


Tetrahromrisoanthrafiavio  Aeid,  C**H*Br^O^  is  prepared  by  dropping  bzo- 
mine  in  laige  excess  into  an  alcoholic  solution  of  iso-anthrsd9avic  add.  The  liquid  in 
a  few  minutes  solidifies  to  a  crystalline  pulp  of  yellow  needles  slightly  soluble  in 
alcohol,  somewhat  more  easily  in  glacial  acetic  acid,  from  which  solvent  it  may  be  re- 
crystallised  fbr  purification. 

Tetrahromanthrafiatfie  Aeid,  prepared  in  like  manner,  is  nearly  insoluble  in 
both  the  solvents  above  mentioned.  The  crude  product,  which  also  crystallises  in 
yellow  needles,  was  freed  from  unattached  anthraflavic  add  by  repeated  boiling  with 
alcohol  (Schunck  a.  Roemer). 

Biacetyl'iaoanthrafiavic  Acid,  C^^B*{(?WOyO\  \b  formed  by  heating  the 
Rcid  with  acetic  anhydride  to  160^-180^.  It  dissolves  with  some  difficulty  in  alcohol, 
more  readily  in  glacial  acetic  acid,  and  separates  from  the  former  solvent  in  pale 
yellow  microscopic  crystals,  which  cake  together  at  175^  and  melt  at  about  195^. 
The  acetyl  is  removed  by  heating  with  alcoholic  potash,  and  the  resulting  liquid, 
treated  with  add,  yields  a  predpitate  of  iso-anthraflavic  acid  (Schunck  a.  Boemer). 

Diaeetylanthrafianic  Acid,  discovered  by  Ferkin,  is  pre^>ared  in  a  similar 
manner  {TMd  Swpjpl,  87).  It  differs  from  the  preceding  add  by  its  greater  facility 
of  ciystallisation,  and  by  its  melting  point,  227°  (Sdiunck  a.  Roemer),  228*^-229° 
(Ferkin). 

DiethyUiaoanthrafiavie  Aeid,  C**H*(C'H*)K)\  is  prepared  by  heating  iso- 
anthraflavic  add,  for  a  few  hours,  with  soda-ley,  ethyl  iodide,  and  a  small  quantity  of 
alcohoL  Theproduct  is  a  body  insoluble  in  caustic  alkali,  and  purifiable  by  one  ciystal- 
lisation from  alcohol,  f^m  which  it  separates,  in  long  shining  liffht-ydlow  needles. 
This  compound  is  quite  insoluble  in  water,  slightly  soluble  in  aloohol  and  ether,  more 
freely  in  gladal  acetic  add  and  benzene,  soluble  aiso  with  red-violet  colour  in  strong 
sidphuric  add,  the  solution  exhibiting  two  indistinct  absorption-bands  in  the  green 
and  yellow,  and,  on  stronger  concentration,  likewise  an  absorption-band  in  the  blue. 
It  melts  at  193^-194°  (Schunck  a.  Roemer). 

Biethylanthrafiavic  Aeid,  prepared  like  the  preceding  compound,  forms 
somewhat  lighter-coloured  ciystals,  and  in  most  respects  resembles  the  add  last 
described.  Its  solution  in  strong  sulphuric  add  is  red,  and  gives  an  absorption-band 
at  ^e  border  of  the  green  and  blue,  much  more  distinct  than  that  formed  by  anthra- 
flavic acid  under  similar  conditions. 

Diethylanthraflavie  add  melts  at  282°,  and  solidifies,  even  when  quickly  cooled, 
in  large  prismatic  crystals,  a  property  likewise  possessed  by  diethyl-isoantnraflavic 
acid. 

Dimethylanthrafiavic  Aeid,  prepared  in  like  manner  with  methyl  iodide,  re- 
sembles  the  o/ethjl-oompound  in  most  respects,  but  mollE  at  24T°-^<&°  (Schunck  a. 
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6.  AnthrailaTone  (Barth  a.  Senhofer,  Lifn^s  AnnaUn,  elxz.  100).  This  modifi- 
cation is  produced  in  small  quantity  b^  diy  distillation  of  ozybenzoic  add,  and  much 
more  abmidantly  by  heating  that  acid  with  slightly  dilated  stdphnric  acid  (9  of 
•tzoog  acid  to  1  of  water)  to  180^-200®  in  sealed  tubes,  for  three  or  four  hours  : 

2C»H«0«  -  2H«0  =  0»*H«0*. 

On  poozin^  the  contents  of  the  tubes  into  water,  a  dark-green  precipitate  of  the  new 
oompoimd  is  {nroduced,  whilst  sulphoxybenzoic  acid  and  the  excess  of  sulphuric  add 
remain  in  solution.  The  green  predpitate  is  dissolved  in  baiyta-water,  boiled  with 
animal  charcoal,  and  repredpitated  by  hydrochloric  acid ;  after  being  washed  and 
dried,  it  is  mixed  with  animal  charcoal  and  exhausted  with  ether.  To  obtain  the  sub- 
stance of  a  pure  yellow  colour  it  is  necessary  to  repeat  the  latter  operation  several  times. 
In  this  state  it  consists  of  yellow  crystalline  crusts  composed  of  microscopic  needles. 
It  disBolTes  with  difBcnltr  in  ether,  more  readily  in  alcohol,  but  is  almost  insoluble 
in  water.  It  remains  undoanged  at  800®,  and  sublimes  at  a  somewhat  higher  temper- 
atore  without  prerious  ftasion.  It  dissolves  in  concentrated  sulphuric  add,  and  is 
nredpitated  unchanged  on  the  addition  of  water.  Alkalis  dissdve  it  with  a  deep 
brownish-red  colour. 

Anthrsflavone^  like  its  isomerides,  is  reduced  to  anthracene  by  the  action  of  heated 
ime-dust.  The  mode  of  its  formation  indicates  that  its  two  hydroxyls  are  ntuated 
in  different  benzene  rin^ 

Anthraflavone  acts  like  a  bibasic  acid,  exchanging  2  atoms  of  hydrpgen  for  metals, 
thus: 


ctKggS^ 


FotMriom  aatfc. 


C«H» 

BsrlmnMlt. 


The  ^otosniim  taU  is  prepared  by  dissolving  anthraflavone  in  potasnum  carbonate, 
evaporating  to  dryness  in  a  vacuum,  and  extracting  with  absolute  alcohol,  in  which  it 
is  Bolable.  On  evaporation,  the  compound  is  left  in  brown-red,  cnrstalline  masses  con- 
sisting of  microscopic  needles.  Dried  at  200^*,  it  has  the  formula  C>«H'KK)\  The 
aoiimm  aaU^  like  the  potassium  salt,  forms  red(tish-brown  microscopic  needles. 

Hie  hanmm  tali  is  obtained  by  dissolring  the  anthraflavone  in  ammonia,  driving 
off  the  excess  of  ammonia  at  1 00®,  and  predpitating  the  solution  with  barinm  chloride ; 
Off  by  dissolving  the  substance  in  barium  nydnte,  evaporating  the  solution  in  a  vacuum, 
and  removing  the  excess  of  barium  hydrate  by  washing  wi£  cold  water.  The  remdue 
when  dissolved  in  boiling  water,  filtered,  and  again  evaporated  in  a  vacuum,  leaves 
the  compound  in  brown-nd  needles  of  the  formula  0'*H*BaO*  +  6H'0. 

A  home  lead  tdU  of  greyish-red  colour  is  predpitated  on  adding  an  alcoholic 
solntioQ  of  banc  lead  acetate  to  a  solution  of  anthrafiavone ;  and  a  reddish-browu, 
fioceolent  mlver  9aU  is  predpitated  from  the  ammonium  compound  by  silver 
mtrate. 

The  action  of  fused  potamum  kydtate  on  anthraflavone  produces  a  violet-blue 
colour  which  changes  to  reddish-brown ;  and  by  treatment  with  sulphuric  add  and 
ether  in  the  usual  way,  a  product  is  obtained,  soluble  in  water,  and  consisting  prind- 
pally  of  paraoxybenzoic  add,  with  a  comparatively  small  amount  of  oxylwnsoic 


A  wUro-oompound  is  produced  by  the  action  of  boiling  nitric  add  on  anthraflavone, 
but  it  has  not  yet  been  obtained  in  a  state  of  purity ;  an  axidiaed  product  is  also 
formed  at  the  same  time.  Anthraflavone  is  not  changed  by  the  action  of  sodium 
aiftalgam. 

Diaoetyl-antkrqflavoMt  C'^H'CC^'O^'O^,  is  formed  when  anthraflavone  is  heated  in 
dosed  tubes  to  120®  with  acetyl  chloride,  or  by  treating  its  potasdum  compound  with 
^e  chloride.  It  crystallises  from  ether  in  pale-yellow  crusts,  but  appears  to  be 
decomposed  by  aloohoL 

According  to  Bosenstiehl  {Deui,  Chem,  Ges.  Ber,  ix.  946),  crude  anthraflavone  is 
separable  into  two  products,  which  behave  differently  towards  bases : — 


m-AfUhrtuflavone, 

The  sodium-compound  is  very  firedy 
soluble  in  water,  yielding  a  red  solution. 


fi'Anthrinflavane, 

The  sodium-compound  is  sparinglv 
soluble,  espedally  in  excess  of  soda.  It 
crvstallises  in  brilliant  red  needles,  the 
solution  of  which  is  inclined  to  yellow. 
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a  Anihfoflavone, 

Bissolyes  easily  in  barjrta-water  with 
red  colour. 

In  alkaline  solutions  combines  for  the 
most  part  with  alumina. 

Is  easily  and  completely  converted 
into  an  isomeride  of  purpurin  when  heated 
to  130^-145'' with  potash  in  close  vessels. 


fi'AnthraAawme. 

Dissolves  in  baiyta-water  only  when 
boiling.  The  compound  separates  in  red 
needles  on  cooling. 

Does  not  combine  with  alumina,  but 
remains  in  solution. 

Kemains  unaltered  at  130^-135^,  oxi- 
dation first  commencing  at  200^-205^. 
On  this  behaviour  is  based  a  method  of 
purifying  j3-anthraflavo^e. 


Identical  with  /3-anthraflavone  is,  perhaps,  a  diozyanthraguinone,  described  by 
Ullrich  a.  Perger  (Und.  ix.  131  and  674),  under  the  name  of  Anthraxanthio  aeid,  and 
said  to  be  obtained,  under  peculiar  circumstances  only,  als  a  bye-product  in  the 
manufacture  of  alizarin.  It  closely  resembles  /S-anthraflavone,  especially  in  being 
converted  by  oxidation  in  alkaline  solution  at  200^,  into  an  isomeride  of  purpurin 
exactly  similar  to  that  which  Bosenstiehl  has  obtained  &om  /3-anthraflavone. 

.  7.  mirjMtaiii  (Liebermann  a.  Giesel,  Deut.  Ckem.  Ges.lBer.  viii.  1643  ;  ix.  329), 
is  produced  by  de-amidation  of  hydrochrysammide,  C'*HXNH')*0*  (iii.  191).  For 
this  purpose,  the  sulphuric  acid  solution  of  hydrochrysammide,  mixed  wifii  sufficient 
water  to  give  it  a  pulpy  consistence,  is  kept  cool  by  snow,  and  nitrous  add  vapour  is 
passed  into  it  till  tne  pulp  liquefies  and  assumes  a  cherry-red  colour,  and  the  nitrous 
vapours  are  no  longer  absorbed.  The  mass  is  then  added,  with  stirring,  to  well- 
cooled  absolute  alcohol,  and  the  brown-red  precipitate  of  a  diazo-compound  thereby 
prodticed  is  quickly  collected  in  a  filter,  heated  to  60^  with  alcohol,  till  nitrogen  and 
aldehyde  begin  to  escape,  then  boiled  for  some  time  to  complete  the  reaction.  The 
solution  is  filtered  to  separate  a  nitrogenised  substance  insoluble  in  alcohol,  and  the 
alcoholic  filtrate  is  mixed  with  water,  which  throws  down  the  chiysazin  in  yellow- 
brown  flocks. 

For  Airther  purification  chiysazin  is  dissolved  in  ether,  and  then  recrystallised 
from  alcohol  or  acetic  acid,  from  either  of  which  it  separates  in  red-brown  lustrous 
needles,  from  alcohol  also  in  golden-yellow  laminae,  the  two  forms  being  easilv  and 
completely  convertible  one  into  the  other.  It  melts  at  19 1'';  dissolves  in  alkalis 
with  yellow-red  colour,  very  slightly  in  alkaline  carbonates  and  in  ammonia,  and 
forms  red  precipitates  with  baryta-  and  lime-water ;  does  not  dye  mordanted  cotton. 
By  heating  witn  zinc-dust  it  is  reduced  to  anthracene. 

Teiranitrochrysazint  C**H\NO')^0\ formed  by  treating  chiysazin  withfbming 
nitric  acid,  is  identical  in  every  respect  with  chrysammic  acid  prepared  firom aloes. 
The  compound  obtained  from  either  source  separates  from  its  solution  in  fuming  nitric 
acid,  after  the  excess  of  that  add  has  been  blown  away  by  a  current  of  air,  in  small 
bristly  specular  monoclinio  crystals  with  short  prismatic  development.  Axial 
ratio  a  :  6  :  csl  :  0*90839  :  1*8363.  Angle  of  inclined  axes =74^.  Combination 
ooF  .  ooi^oo  .  Soo . 

The  metallic  chrysammates  or  tetranitro-chrysazates  are  prepared  by 
boiling  the  add  with  the  corresponding  acetates,  and  crystallising  the  resulting  pred- 
pitates.  They  exhibit  the  same  characters  whether  prepared  from  chrysammic  add 
(from  aloes)  or  from  tetranitrochrysazin. 

l^e  potoMwm  9a%  G**H'(NO^*0*K*,  forms  sparingly  soluble  needles,  having  a 
strong  metallic  lustre.  After  remaining  for  a  few  days  under  the  exsiccator,  it  be- 
comes anhydrous,  the  crystals,  however,  retaining  their  metallic  lustre.  The  water 
which  goes  off  is  probably,  therefore,  not  water  of  crystallisation,  but  hygroscopic 
water  forcibly  retamed.  The  salt  prepared  from  tetranitrochrysazin,  exhibits  uie 
same  remarkable  relations  to  polarised  light  tliat  were  observed  by  Brewster  in 
potassium  chiysammate  (i.  956).  The  observation  of  Haidinger  that  potassium 
chr3r8ammate,  when  spread  out  on  glass  in  thin  layers  in  one  particular  direction, 
exhibits  striking  differences  in  the  character  of  the  refiected  light,  accordingly  as  the 
plane  of  refiection  is  parallel  or  perpendicular  to  that  direction,  is  equally  applicable 
to  the  potassium  salt  pr^red  from  nitrochrysazin. 

The  calcium  salt,  C**H*(NO')*Ca,  forms  golden-yellow  needles. 

The  magnesium  salt,  G**H^NO')^Mg  -i-  6H>0,  forms  splendid  crystals,  which  have 

a  red-gold  lustre,  give  off  their  water  at  160'',  and  turn  gold-brown,  but  resume  their 

original  colour  when  moistened  with  water  or  breathed  upon.    According  to  Mulder 

^^£».  CJL  Pharm.  Ixxiii.  239),  magnesium chryBammate contains  6HH) (19*6  per  cent.); 

tf  this  salt  appears  to  have  been  but  unperiecxXy  ai\£-dr\«^.   lA^Tis\svxni  «..  QtX^n^ 


ANTHRAQUINONES   (TRIOXY-).  109 

find  only  dH*0  (obs.  17*01  per  cent ;  calo.  16'9I)  for  the  air-dried  salt,  whether  pre- 
pared firom  chiysammic  acid  or  from  tetranitroohiyaaiin. 

The  barium  salt  dried  at  160''  haa  the  oomporition  G*«H*(NO')H)'Ba. 

Ae^UekryaasiM,  C"H>«0«  =  0"H«(00»H«0)H)«,  is  formed  by  heating  chrysasin 
with  acetic  anhydride  to  170°.  It  crystallises  from  alcohol  in  yellowish  laminas 
rMembling  benzoic  add,  is  snbUmable,  and  melts  at  226^-230°. 

With  regard  to  the  relatiye  position  of  the  two  hydrozyl-gronps  in  ohi^sacin,  it 
IS  to  be  observed  that  the  three  modifications  of  diozyanthnqmnone,  which  have 
their  two  hydrozyls  in  the  same  benzene-gronp,  are  already  known :  yiz.  aliiarin, 
qxunuEarin,  and  purporozanthin ;  consequently,  chrysaein  must  have  its  two  hT- 
orozyls  situated  in  d^rent  bensene-gronps,  as  represented  by  the  formma 
0'H*(0H^.<70'.0^'(0H).  Now,  as  paraconmaric  and  para-ozybensoic  acid  may  be 
obtained  m  yarious  ways  firom  aloes,  it  seems  probable  that  chrysasin  may  be  a  con- 
densation-prodoct  of  para-ozybenzoic  acid,  just  as  anthraflavone  (p.  107)  is  a  conden- 
sation-proanct  df  ozybenzoic  acid.  The  synthesis  of  chrysasin  from  para-ozybenzoio 
or  paraoonmaric  acid  has,  howeyer,  not  yet  been  effected  (Liebermann  a.  Giesel). 

8.  Vrangvllo  Aeid«  obtained  from  the  bark  of  Shamnus  frangula,  has  already 
been  described  (2nd  Suppl,  664). 

TsioxTANTHBAauiNONBS,  C**H"0*. — Foor  of  these  oomponnds  ard  now 
known,  via.,  Fnrpnrin,  Antiirapnrporin,  Flayopnrpnrin,  and  Ozychrysazin. 

1.  Foipmiii.  This  substance,  originally  obtained  from  madder  (iy.  760),  is  also 
produced  by  direct  ozidation  of  alizarin  and  of  purpurozanthin.  1  part  of  dry  pulyerised 
alizarin  is  mixed  with  8  or  10  of  sulphuric  acid  ;  1  part  of  arsenic  acid,  or  manganese 
peroxide,  is  added;  and  the  whole  is  heated  to  160^-160°,  till  a  drop  of  the  mizture 
thrown  into  dilute  caustic  soda  giyes  the  red  coloration  of  purpurin.  The  whole  is 
then  poured  into  a  large  bulk  of  water,  and  the  precipitate,  after  ezhanstion  with 
eold  water,  is  dissolyed  in  a  saturated  solution  of  alum,  and  then  treated  with  an  acid. 
Hie  solution  thus  obtained  deposits  abundant  fiocculi  of  purpurin.  The  yield  is  rather 
laige,  thouffh  some  loss  is  occasioned  by  the  production  (especially  with  arsenic  acid) 
of  a  oolounng  matter,  which  dissolyes  in  water  to  a  yellowish-brown,  and  in  alkalis 
to  a  red  liquid  (De  Lalande,  Compt.  rend,  Izziz.  669). 

Purpurin  is  separated  from  alizarin  by  means  of  boiling  alum-liquor,  which  dis- 
tolyee  the  purpurin  and  leayes  the  alizarin.  Commercial  purpurin,  however,  still  re- 
'  tains  a  certain  amount  of  alizarin,  besides  other  impurities.  In  a  specimen  which  had 
been  purified  in  Eablbaum's  works  at  Berlin,  by  solution  of  the  crude  product  in 
boiling  alum-liquor,  Schunck  and  Boemer  were  able  to  detect  traces  of  alizarin  by 
the  method  described  on  the  following  page.  But  by  sgain  treating  this  product  with 
boiling  alum-liquor,  adding  acid  to  the  ffltered  solution,  and  dissolving  the  precipitated 
puzpurin  in  boiling  alcohol,  pure  crystallised  purpurin  was  obtained.  Pure  purpurin 
cannot  be  obtained  by  sublimation  from  the  crude  product,  since  alizarin  sublimes  at 
nearly  the  same  temperature  as  purpurin. 

Pnnrarin  dissolyes  easily  in  boiling  spirits  of  wine,  forming  a  yellow  solution, 
ftom  which  it  crystallises  on  cooling  in  thin  flattened  prisms,  sometimes  8  millims. 
long,  having  a  deep  orange  colour  and  considerable  lustre.  On  being  heated  to  100^, 
these  crystals  becOTie  dark  red  from  loss  of  water.  A  solution  of  purpurin  in  strong 
alcohol  deposits  dark-red  anhydrous  needles. 

Purpurin  melts  at  263^  but  begins  to  sublime  at  160®  (according  to  Schutzen- 
berff  er  at  260®).  The  sublimate  consists  of  red,  plumose,  or  needle-shaped  crystals. 
Much  carbonaceous  residue  is  left.  The  crystals  obtained  by  dissolving  sublimed 
purpurin  in  spirits  of  wine  are  generally  anhydrous,  but  occasionally  hydrated  crystals 
of  tne  usual  appearance  are  obteined.  After  purpurin  has  been  repeatedly  subUmed, 
its  melting  point  becomes  considerably  depressed,  indicatins  some  kind  of  decompo- 
sition, but  after  recrystallising  several  times  from  alcohol,  the  melting  point  again 
becomes  constant  at  268®. 

Purpurin  is  sliffhtly  soluble  in  boiling  water,  the  solution  havinff  a  yellow  colour 
with  a  tin^  of  rea,  and  depositing  crjrstalline  yellow  flocks  on  coohng.  It  dissolyes 
in  ether,  giving  a  yellow  fluorescent  solution,  which  shows  tlie  two  beuids  of  absorp- 
tion described  by  Stokes  (iii.  638,  footnote).  It  also  dissolyes  readily  in  boiling 
carbon  disulphide,  benzene  and  glacial  acetic  acid,  yielding  yellow  solutions  which 
deposit  crystalline  needles  on  cooling.  These  solutions  show  two  bands  of  absorption 
coinciding  with  those  of  the  ethereal  solution.  Purpurin  dissolves  in  concentnted 
sulphuric  add,  giving  a  rose-red  solution,  which  shows  three  bands  of  absorption,  one 
In  the  yellow,  the  others  in  the  same  position  as  those  of  the  ethereal  solution. 
It  dissolyes  also  in  caustic  potash  and  soda-ley,  in  sodium  carbonate  solution,  and 
in  ammonia ;  the  solutions  have  a  deep-red  colour,  inclining  to  purple,  and  show  the 
absOTptiotD-bands  described  by  Stokes  and  other  observers.  In  alcoholic  potash  or 
Mfde^  ptupaiin  is  almoet  insoluble.     Treated  with  boiling  \)aryl&-wateT,  \t.  tcfim^  ^ 
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pnrplo  l&ke,  qaite  inaolublo  ia  water.    With  limp-water  it 
mmmblei  tluiit  of  barium,  and  it  also  insolabte. 

FuipiiriD  diMolved  ia  caiutii;  alksli  ia  completely  decomposfd  by  oiidstion  o..  _ 
pofure  to  the  air,  the  colour  of  the  solatiou  chunging  from  purple  to  pale  yellow. 
AliBTJD.on  tJls  other  hand,  when  lumlarlytrBated,  remaint  cnchoaged.  Thiamaction 
ftffiudi  an  ea^y  method  of  deteoting  ainall  qusntitiea  of  oliiariii  in  proseace  of  pur- 
'  pnrin.  The  mixture  of  the  two  is  diaaolred  in  caoatic  soda,  and  the  sonition  i>  expoDed 
to  the  ail  in  a  ■hallow  tbsbsI  till  it  becamea  oBarlj  colourleae,  and  uo  longer  auibita 
the  abtoTpUoD-baoda  of  porpnriD.  The  alixarin  may  then  be  precipil&t»d  by  bydro- 
(Morio  acid,  dUulved  in  ether,  and  examined  by  the  apeGtroecope,  when  ita  characUr- 
iatie  abiorption-banda  will  be  dtBtinctly  seen  (Schunck  a.  Boemer.  Chan.  Son.  Joar, 
lS77.i.  885). 

Porpiirin  disaolTes  in  boiling  alum-liquor,  giring  tbe  well-known  pink  flnoreicent 
solution,  whidl,  on  coaling,  generally  yields  a  deposit,  conssting  of  yellow  orya- 
tttUine  neodles  of  purpurin  mixed  with  amorphous  partides  of  an  ii]nmina«»Bi- 
poand,  Sa  muy  easily  lie  seen  on  tntating  tbe  deposit,  after  Sltration,  with  bailing 
alcobol,  wbioh  diaaolvea  tbe  purpurin  with  a  yellow  colour,  leaving  the  atumiDB 
lake  aa  o  dark-red  powder.  The  solution  doubtless  conl^na  porptmo  in  eoni' 
biuation  with  alumina;  for,  on  agitation  with  ether,  it  remaina  quite  unchanged, 
whereas,  after  the  additioa  of  bydrocbloric  acid,  ether  takes  up  purpurin, 
formipg  a  yellow  eolution.  and  leaving  the  liquid  below  only  iligbtly  Daloiirod. 
Nuverlhelees,  the  combinaljon  is  a  very  loose  one,  for  if  nloohol  he  added  to  the  soIb- 
tion,  to  precipitate  the  eiceaa  of  Blnm  present,  and  the  filtrate  be  evapoTated,  a 
mixture  of  alum  crystola  and  needles  of  purpurin  is  ofalaiaed,  ^m  which  tha  pur- 
purin may  be  extracted  by_  treatment  with  absolute  alcohol,  no  trace  of  any  alnminons 
coiapound  being  obaerved  !□  the  reaidnB.  The  aolntion  in  alum -liquor,  when  mixed 
with  a  little  sodium  carbonate  or  ammonia,  the  liquid  still  retaining  an  acid  reaction, 
gives  a  flosculent  precipitate,  having  the  pink  colour  peculiar  to  the  so-called  madder 
lakes,  which,  na  Bobxqaet  ahowod  long  ago,  are  essentially  compounds  of  purpurin 
with  alumina.  The  precipitftte  is  quite  insoluble  in  a  strong  boiling  solution  of 
sodium  csrbanale,  but  disgolves  easily  io  Bodinm  hydrate. 

An  alcoholic  aolulion  of  purpurin  givsa,  with  lead  acelate,  a  dark  crimsou  precipi- 
tate, which,  on  treatment  with  an  exceas  of  alcoholic  lead  acetate  solution,  dissolves, 
yielding  a  fine  crimson  solution,  which  shows  three  bands  of  absorption.  This  beho- 
riouT  is  characteristic,  and  may  serve  to  distinguish  purpurin  from  alizarin,  which 
gives  a  lead-componnd  quite  inaolubls  in  alcoholic  lead  acetate. 

An  alcoholic  sotutioa  of  purporin  givea,  wilb  copper  acetate,  a  dark  reddish- 
yellow  precipitate,  whereaa  an  alcoholic  solution  of  oliiarin  becomes  purple  on  the 
addition  of  copper  acetate,  and  gives  no  prccipitato,  provided  the  alizarin  iaqnite  pure. 
Purpurin,  quite  free  from  alizarin,  healed  in  aaaled  tubes  to  300°  ^r  several 
hours,  is  entiniiy  decomposed,  yielding  a  high^  carbonised  mass,  from  which  bailing 
alcohol  extracts  qainiEari  D.  The  yield  of  thia  aubstonca  ia  fant  small,  and  is  anr- 
pasaed  by  that  of  the  l^ye-producta.  To  obtain  the  lorgcat  amount  of  quiniiarin,  it  is 
best  to  discontinue  boating  before  tbe  purpurin  is  completely  decompoesd.  The  tubs 
Eont^ning  the  latter  haviiig  been  heated  to  300°  for  6  or  7  hours,  the  contenta 
are  removed  and  treated  with  a  bailing  dilute  solution  of  sodium  carbonate,  which 
dissolves  a  great  port  uf  theundecomposed  purpurin,  together  with  various  by-producta. 
The  residue  ia  dow  treated  with  dilute  caustic  potaab-ley,  and  the  quinizarin  and 
purpurin  in  aolution  are  separated  by  paaaing  through  it  a  current  of  carbonic  anhy- 
driae  as  long  as  any  precipitate  is  formed.  The  precipitate  cuntnins  quiniiarin  with 
a  tittle  purpurin.  the  latter  being,  fi>T  the  most  part,  loft  in  soluiian.  The  precipi- 
tate ia  altered  off  and  treated  with  hydrochloric  acid,  and  the  flucks  left  by  the  acid 
ore  again  dissolved  in  caustic  ley,  carbonic  anhydride  being  a  second  time  passed  through 
the  aolntion.    The  procesa  ia  repeated  uatjl  the  filtrate  no  longer  contains  purpurin. 

Purpurin  ia  reduced  to  purpuroianthin  by  tbe  action  of  phosphorus  on  its  hot  alkaline 
solution,  or  by  Brat  converting  it  int«  pnrpuramide  (p.  Ill)  by  beating  it  to  150°  with 
aqueous  ammonia,  and  than  passing  nitrotis  acid  vapour  into  the  boiling  aloaholio 
solution  of  (his  compound  :— 


e-B 


-   NH" 


H"0 


C'H'NO' 


NO'H   . 


-   C'H'NO'; 
2H'0   +   C'H'O'. 


with  D;ti 


Purpurin  is  converted,  by  oiidatiou 
therefore  have  ita  three  hydroxyl-groups  in 
by  the  formula  C'H'.CO'.C*H(0H)". 

Hydrate  of  Purpurin  is  precipitated  on  adding  an  acid  to  a  solutioi 
'     n  alkali  or  ia  alum-wnler  (Rosenatiehl,  Cwnpl.  rend.  Ixxix.  Idi). 
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Bromopurpurin,  C^^H^rO*,  is  fonned  bjr  digesting  pnxporin  at  160^-200^ 
m  sealed  tabes  with  earboQ  disnlphide  containing  bromine.  It  crystallises  from 
facial  acetic  acid  in  dark  red  Instzons  needles  melting  at  276®,  resembles  pnr- 
porin  in  most  of  its  properties,  bnt  is  less  solnble  in  alcohol  and  glacial  acetic  acid, 
and  snblimes  when  heated,  leaving  scarcely  any  residue. 

Triaeetylpurpurin,  (7«H*(C<H*0)>0*,  first  obtained  by  Liebermann  a.  Giesel 
{DmU.  Ckem,  Gts.  Bar,  iz.  832),  is  preparod  by  heating  pnrpnrin  with  acetic  anhydride 
at  180^  When  heated  it  begins  to  soften  at  198^  and  melts  completely  at  198®-200<* 
(Sefannck  a.  Boemer),  at  190^-198®  (Liebermann  a.  Qiesel).  It  is  decomposed  even 
in  the  cold  b^  dilate  caostic  potash-ley,  yielding  porpnrin ;  dissolves  in  concentrated 
nitric  add,  giving  a  yellowiw-brown  eolation,  which,  on  addition  of  water,  deposits 
yellow  floc^  'Am&  flocks  dissolve  in  caastic  potash-ley,  nying  a  fine  pink  eolation 
which  shows  the  absorption-bands  of  purporin  (Schoack  a.  Boemer). 

P«r»tifa«i^rf«.C"H*NO«-C»*HW.NH«-C»*H»jNH"  ,  is  formed  from  par- 

l(OH)« 
purin  b^  the  action  of  ammonia  in  the  same  manner  as  alisaramide  from  alizarin.    It 
ciystalhses  in  brown  needles  having  a  green  metallic  lastre.    Its  solution  in  alkalis  is 
much  redder  than  that  of  alisaramide.    It  is  decomposed  by  nitrons  add  in  the  same 
miinnsr  as  alisaramide,  yielding  porparoxanthin : 

C>*H»0*.NH*  +  NO«H  +  H«  =  CP«H«0«  +  2H«0  +   N« 

(lisbeimann,  Lkbi^s  Annalen,  dzzxiii.  146). 

P9€udopurpurin,—Th\M  constituent  of  crude  purpurin  was  originally  regarded 
as  a  dio^pnrpurin  or  trioxyalisarin,  0*H**0*  (alisaiin  being  then  represented  by 
the  fbrmula  C*E}H)*  iv.  761)t  afterwards  by  Graebe  a.  Liebermann  as  a  dioxyalisarin 
oir  tetra-oxyanthraquinone,  O'^HK)*.  Rosensti^hl,  however,  has  lately  shown  (Compt, 
rtnd.hcady.  661)  that  it  is  a  purpurin-carbonic  acid,  C>*HK)^  orO*«H'0*.GO<H, 
bdng  resolved  by  heat  into  GO*  and  purpurin : 

G"H*G'  -  C0«  +  G»«H«0». 

This  view  of  its  constitution  readily  explains  its  conversion  into  purpurin  by  the  action 
of  alkalis  even  at  ordinary  temperatures,  the  change  consisting  simply  in  the  abstrac- 
tion of  OG*. 

2  and  8.  Aatlumpiirpiiiiii  and  VlaTopiiipiiiiii.  Anthrapurpurin  was  dis- 
covered by  Perkin,  who  obtained  it  as  a  secondary  product  in  the  preparation  of 
alixarin  mm  anthraquinone  {^bnd  Suppl,  88).  It  is  produced  by  the  action  of  caustic 
alkalis  on  anthraquinone-disulphonic  add,  G'^H'O^SG'H)',  this  acid  being  first  con- 

verted  into  the  monosulphonic  add,  ^**S'0']a()tH»  ^®  latter  by  the  farther  action 
of  the  alkali  into  iso-anthrafiaric  add  (p.  106),  and  this  finally  into  anthrapurpurin  : 

G'«H«0«Jq^  +  HOH  -  G»H»G«(GH)»  +  H» 

(Pezkin,  Chein,  Soe.  Jour,  1876,  i.  861). 

To  prepare  anthrapurpurin  from  iso-anthra6arie  add,  the  potassium  salt  of  this 
acid  is  heated  with  caustic  petash,  whereupon  the  red  colour  of  the  li<^uid  changes  to 
violet^  very  quickly  if  the  temperature  be  raised  nearly  to  the  melting  point  of  potassium 
hydrate.  When  the  depth  of  the  violet  colour  no  longer  increases,  the  fused  mass  is 
to  be  dissolved  in  water  and  the  solution  supersaturateid  with  hvdrochloric  acid ;  this 
throws  down  a  yellowish  gelatinous  precipitate,  which  must  be  treated  with  cold 
baryta-water  to  remove  unsdtered  iso-anthiafiavic  add.  The  remaining  lake,  decom- 
posed by  hydrochloric  acid,  yields  pure  anthrapurpurin,  which,  by  crystallisation  from 
^oohol,  may  be  obtained  in  long  orange-coloured  needles  (Schunck  a.  Boemer,  Deut, 
GUmn.  Get,  Ber,  ix.  678). 

Flavopurpurin  is  produced  in  a  similar  maimer  from  anthrafiaric  add.  This 
add  is  less  eadly  attacked  by  potash  than  iso-anthrafiavic  add,  and  partial  carbonisa- 
tion IS  apt  to  take  place.  This,  however,  may  be  avoided  by  decomposing  the  acid 
with  strong  potash-ley  under  pressure,  and  keeping  the  temperature  lower  than  in 
the  preceding  process.    Unaltered  anthrafiaric  aciamay  be  removed  by  baryta-water. 

Flavopurpurin  is  easily  soluble  in  alcohol,  and  crystallises  therefrom  in  golden- 
yellow  needles. 

The  following  table  exhibits  a  comparison  of  the  properties  of  these  two  isomeric 
bodies: — 
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Jntkrapurpurm, 

Orange-coloiired  needles.    Anhydrous. 

Easily  solnble  in  bailing  Alcohol. 

Slightly  soluble  in  boiling  water. 

Solution  turns  red  on  prolonged  boil- 
ing. 

DissoWes  with  difficulty  in  ether. 

Dissolves  in  boiling  glacial  acetic  add, 
and  separates  on  cooling  in  stellate  groups 
of  needles. 

Bissolres  in  strong  sulphuric  acid 
with  red-violet  colour. 

Dissolyes  in  potash-ley  with  violet 
colour,  the  tint»  however,  being  redder 
than  that  of  an  alkaline  solution  of 
alizarin. 


Sparingly  soluble  in  hot  baryta-water 
with  violet  colour. 

The  solution  exhibits  absorption- 
bands. 

Soluble  in  ammonia,  with  violet- 
colour.    The  solution  exhibits  no  bands. 

Soluble  in  sodium  carbonate,  with 
violet  colour. 

Alcoholic  lead  acetate  fbrms  a  purple 
precipitate,  which,  when  boiled  with  ex- 
cess of  lead  acetate,  dissolves  with  violet 
colour. 

Alcoholic  cupric  acetate  forms  a  solu- 
tion of  a  fine  violet  colour. 

Slightly  soluble  in  alum. 

Melts  above  330°. 

Sublimes  in  orange-coloured  needles. 

Colours  mordants. 

The  alkaline  solution  exhibits  two 
absorption-bands  having  the  same  posi- 
tions as  those  of  an  alizarin  solution. 


Q<dden-yellow  needles.    Anhydrous. 
Easily  soluble  even  in  cold  aloohoL 
Slightly  soluble. 
Solution  remains  yeUow  when  boiled. 

The  same. 
The  same. 


Dissolves  in  strong  sulphuric  acid  with 
red-brown  colour. 

Dissolves  in  potash-ley  with  purple 
colour,  redder  than  anthrapurpnrin,  but 
not  so  red  as  purpurin.  On  mlution,  or 
on  addition  of  only  slightly  diluted  aUali, 
the  solution  appears  pure  red.  The  colour 
disappears  after  long  standing. 

oparin^ly  soluble  in  hot  baxyt^-water, 
with  red-violet  colour. 

The  solution  exhilnts  absorption-bands 
when  in  thick  layers. 

Soluble  in  ammonia,  with  yellowish-red 
colour.    The  solution  exhibits  no  bands. 

Soluble  in  sodium  carbonate,  with 
yellowish-red  colour. 

Alcoholic  lead  acetate  fbrms  a  red- 
brown  precipitate,  very  sparingly  soluble 
in  excess  of  lead  acetate,  with  mq  colour. 

Alcoholic  cupric  acetate  forms  a  red 
solution. 

The  same. 

The  same. 

The  same. 

The  same. 

The  alkaline  solution  likewise  exhibits 
two  absorption-bands,  but  somewhat 
&rther  from  the  red ;  also  a  broad  stripe 
in  the  blue. 


The  triacetyl-derivative  of  the  anthrapurpurin  obtained  from  iso-anthraflavic  add 
(>xhibit8  exactly  the  same  characters  as  that  of  the  anthrapurpurin  originally  obtained 
by  Perkin. 

FlaTopurpurin  is  very  easily  distinguished  from  the  other  tri-oxyanthraquinones 
by  its  spectrum. 

From  experiments  by  Oaro  it  appears  that  anthraflavic  acid  and  iso-anthraflavic 
acid  are  produced  from  two  different  anthraquinone-disulphonicadds  by  the  moderated 
action  of  alkali ;  stronger  reaction  gives  rise  to  anthrapurpurin  or  flavopurpurin.  The 
action  therefore  takes  place  in  the  following  phases : — 


a-Anthraquinone^indphomc  Acid, 

Anthraflavic  acid. 
Flavopurpurin. 


fi-Anthraquinone'diaulphonie  Jeid, 

Iso-anthraflavic  add. 
Anthrapurpurin. 


Since  alizarin,  which  contains  both  its  hydroxyls  in  the  same  benzene  group,  is 
not  produced  by  the  action  of  alkalis  on  either  of  these  anthraquinone-disulphonie 
adds,  it  may  be  inferred  that  in  both  of  them  the  hydroxyls  are  situated  in  different 
benzene-groups,  as  represented  by  the  formula : — 


0«H"(SO«H)<;^^0«H»(SO"H) ; 


also  that  the  isomeric  anthraflavic  adds  formed  from  them  by  the  action  of  allcalis 
have  a  similar  constitution,  viz. : — 


CH«(OH)<gg>0'H'(OH); 
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and  that  the  tanozyanthraquinoneB,  anthrapurpurin,  and  flavoparporin  are  constituted 
according  to  the  fonnnla : 

CH\OHXg^CH'(OH)', 

the  difference  between  them  probably  arising  from  the  different  relatire  positions  of 
the  two  hydrozyls  which  are  situated  in  the  same  benzene  nucleus. 


ila  is  formed  b^  heating  the  red  alkaline  solution  of  chzysaan  with 
potash,  whereby  it  is  converted  into  a  bright  blue  mass,  having  a  splendid  metallic 
lustre  and  dissolving  in  water  with  a  blue- violet  colour,  like  that  of  alisarin.  From  this 
solution  adds  precipitate  the  ozychrysazin  in  brown  flocks,  which  may  be  purified  by 
erystallisation  from  alcohol.  With  mordants  it  forms  very  bright  colours  intermediate 
between  those  produced  by  alizarin  and  by  purpurin. 

Osychrysazin  resembles  anthrapurpurin  in  being  precipitated  for  the  most  part 
from  its  solution  in  sodium  carbonate  by  agitation  with  alumina.  The  triaoetyl- 
derivatives  of  these  three  isomeric  compounds  obtained  by  heating  them  with  acetic 
anhydride  to  170°  odiibit  the  following  characters: 

Triacetyl-oizychrysazin : — ^Light-yeUow  needles,  melting  at  192''- 193°. 

Triacetyl-purpurin : — ^Yellowish  needles  melting  at  190°-193°. 

Triacetyl-anthrapurpurin :— Melts  at  220^-222°  (Perkin). 

So  fiir  as  these  characters  go,  ozychrysazin  might  be  identical  with  purpurin ;  but 
the  two  substances  are  inmiediately  distinguishable  by  the  colour  of  their  alkaline 
solutions,  purpurin  giving  a  red,  and  o^chrysazin  a  blue  solution,  and  by  their 
optical  characters.  Punmrin,  whether  in  alkaline  solution  or  in  its  strongly  fluorescent 
luum-solution,  gives,  when  examined  by  the  spectroscope,  very  characteristic  absorp- 
tion-bands, which  are  not  exhibited  by  oxychrysazin. 

Tbtbaoztantkbaquinonbs,  C**HX0H)K)'. — Two  of  these  compounds  are 
known,  viz.,  anthrachrysone,  produced  by  oxidation  of  anthracene  and  of  its 
dichloHTO-  anid  dibromo-derivatives  {1st  Supph  180),  and 

Xaflopliiff  produced  by  heating  opianic  acid  (iv.  205)  with  strong  sulphuric  acid 
to  180°.  This  substance  crystallises  in  yellowish-red  needles  or  crusts ;  decomposes 
to  a  great  extent  when  sublimed ;  is  slightly  soluble  in  boiling  water,  moderately 
soluble  in  boiling  alcohol,  easily  in  glacial  acetic  acid,  slightly  in  ether.  In  alkalis  it 
dissolves  with  violet-red,  in  ammonia  with  red-brown  colour.  The  ammoniacal  solu- 
tion gives  violet-red  precipitates  with  the  chlorides  of  barium  and  calcium.  When 
heat^  with  zinc-dust  it  yields  anthracene  (Liebermann  a.  Chojnacki,  Jkut,  Chan, 
Ges,  Ber.  iv.  687 ;  Lielns^s  Annalen,  clxii.  322). 

Hbxoxtantkbaquinonb,  C*^H'0'. — The  only  known  body  of  this  composition 
is  ruflgallic  acid,  C>H(OH)«.  CK)KCRiORy,  obtained  by  heatinff  gaUic  or digaUic 
acid  with  strong  sulphuric  acid  (iv.  133  ;  Ist  Suppl,  999 ;  2nd  8upjd,  1062). 

AVTBBAQVBHrOVa-CAJKBOVSO  AOIB,  C**H>0«»C*«H'0<.CO'H.  This 
add  is  formed  by  oxidation  of  ^-anthracene-carbonic  add  (Liebermann  a.  vom  Rath, 

fi.  96),  also  by  oxidation  of  methylanthracene  with  chromic  acid  (Weiler,  p.  96). 
t  crystallises  from  alcohol  in  compact  brilliant  vellow  prisms  melting  at  282°-284°. 
Its  barium  salt  forms  microscopic  needles,  the  cafdum  salt  scales ;  the  lead  salt  is  in- 
soluble. The  sodium  salt  is  insoluble  in  cauHtic  soda.  The  acid  when  carefully 
heated  sublimes  in  yellow  needles,  but  at  a  stronffer  heat  it  is  resolved  into  anthra- 
quinone  and  carbon  dioxide  (Liebermann  a.  vom  Kath).  Boiled  with  zinc-dust  and 
potash  or  soda,  it  forms  a  red  solution  like  anthraquinone,  and  when  heated  with  soda- 
lime  it  yields  the  latter  compound  (Weiler). 

AVTHSAQfnnrOWa-BXBinbVBOVSO  AOXB,  C*«H*(S0*H)K)*.  This  acid 
may  be  formed  by  heating  /3-benzoylbenzoic  acid  with  Aiming  sulphuric  acid  till  the 
resulting  liquid  no  longer  gives  a  precipitate  with  water.  The  reaction  may  be  ex- 
pressed by  the  equation : 

CH»(C»H*0)0«  -  H*0  -  C»*H»0«, 
and  C»*H«0«  +  2ffS0*  -  2HH)  +   C'*H«0\SO«H)«. 

(Liebermann,  Deut.  Chem,  Ges,  Ber,  vii.  806). 

See  Akthbaphxitols  (p.  97). 

The  'explodve'  antimony  deposited  at  the  negative  pole  on 
electrolysing  a  hvdrochloric  acid  solution  of  antimonious  chloride  (i.  816 ;  1st  SupfH, 
181)  has  been  n)und  Ir^  Bottger  to  contain  ocduded  hydrogen  as  well  as  antimony 
diloride  (^Chem,  Centr.  1876,  p.  674). 

Estimatum,—lIoazeau  (Chmpt,  rmL  Izzr.  1828)  eetimatei  irnaW  q^QAii\.\\AQa  tA 
SnlSup,  I 


I 
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3AeS0'  +  SbH"  =  3HS0"  +  SAg  - 
Bj  titTBting  the  qaantity  or  eilror  remainioe  in  solution  with  a  Dormal  tolnUon  of  I 
Mdinm  chloride,  the  qniLiitit;  of  silror  prscipitaUd  may  be  determined,  unci  tbenes  [ 
thequanlit<r  of  antimoDj. 

R.  F.  Smith  {Deai,  Chem.  Get,  Ber.  It.  fl5S)  troaii  fioijly  pul*erieed  nntimony  orea  1 
iritb  bat  hydracbloric  seid,  precipilnlAB  Uie  antimony  from  the  wlntion  of  the  chloiida  j 
irith  zinc  01  iron,  and  fuses  the  metal  nndsr  a  layer  of  charcoai.  ponder. 

On  the  Ealimation  of  Antimony  in  Typo-melal  sea  K,  Bartley  {Dinpl.  pal.  J.  ' 
cGiriii.  270 ;  Chan.  Soc.  Jour.  1876,  i.  US).  On  the  Sepantion  of  Antimony  fron  ' 
Tin  see  Winckler  (ZeiUchr.  Annul.  Chms.  xiv.  ISS ;  CitTn.  Soc.  Jour.  1876,  i-  718], 

Vrlbromlde,  SbEr*.  This  compound  m«y  lie  prepared  by  ilislilEng  a  miitocB  of 
antjmany  sulphate  and  potassium  bromide.  When  decontpoaed  by  cold  irator  it  yield* 
an  oiytromide,  Sb'Br'O*,  or  2.SbBr'.68b'0".  Hot  wst/r  effects  a  more  complet*  ds- 
fompoeition.  rasnlting  in  the  campound  SbBH.lOSb^Br'O'.  By  washing  this  sabstane« 
with  carbon  sulphide,  the  tribromide  is  dissolved  out,  and  the  compound  Sh'Br'O' 
remains  (W.  E.  Macivor,  Chem.  A«m,  uii.  179). 

jmumonx  Oblorldea.  1.  Triehlorids,  SbOl'. — A  concentratsd  hot  solution 
of  antimony  trichloride  diluted  with  boiling  water  until  the  o*ychloride  begins  to  he 
precipitated,  and  then  left  !<>  cool,  afterailditionof  a  drop  or  two  of  strong  hydrochloric 
acid.  soUdifins  to  an  amorphous  mass  of  oiychloride,  which  liqnaBes  on  warnuae.  and 
giTBB  OD  analysis  nnmbera  corresponding  with  those  required  by  SabanejetTs  oiychliiri'lB, 
Sb'Cl^'O',  or  28bCl>.fi9b'0*.  When  hot  concentrated  hydrochloric  add  is  Baturatad 
with  antimonioQs  oxychlaride,  an  oxychlorido  oontaining  less  chlorina  separatea 
cooling  (Hacivor,  Ctam.  Nevu,  xxiii.  229). 

Seadion  with  HydrocaHiont. — When  the  mixed  vapours  of  SbC!*  and  benzene  ars 
passed  through  a  red-hot  Cube,  diphenyl  is  formed,  according  to  the  equatioo : 

ecH*  +  asbci-  =  6HCI  +  sb'  +  ac'H". 
This  yield,  hovever.  is  mtuih  below  the  theoTBtical  qiuiatit}-.  Witli  napMhalent, 
like  manner,  iaodinnphtbyl  is  prodaced.  (See  Diphhuti.  and  Dihapbthti.,)  WilK 
tolume  much  hydrochloric  acid  was  eTolvad  anil  much  antimony  reduced  ;  and  a  torn 
mass  was  obt^ed,  which,  on  distillation,  yielded  do  stilbene,  bnt  at  27(1°,  28D°-300°, 
and  about  350°,  rancid  smelling  oils,  the  last  of  which  solidified  i«  a  mass  of  striated 
crystals  (WatAon  Smith,  Chem.  Soe.  Jour.  1876,  ii.  30). 

I.  Pentachloride,  SbCl'.— This  compound  acts  enorgeticallj  on  many  organic 
bodies,  the  penlocbloride  itself  sptittlne  op  into  antimony  and  the  trichloride,  and  the 
organic  matter  being  either  chlorinated  by  the  &ea  chlorine^  or  completely  charrad  by 
the  dehydrating  action  of  the  pentacbloride.  By  properly  regulating  the  action,  how* 
ever,  it  is  pomiible  to  obtain  direct  addition-cumpaunda  of  the  pentacbloride  with 
Torious  alcohols  and  with  ethyl  oxide ;  and  seratal  of  these  compooods  have  been  pre- 
pared by  W,  Carleton  WiUiaias  (CAem,  Soc.Jovf.  1876,  ii.  463). 

Willi  Ethyl  Alcohol,  SbCl'.C'H'O.— This  is  a  white  cryttalline  hjgroscopie 
sabstance  formed  by  slowly  adding  absolute  alcohol  to  antimony  pentacbloride  Coa- 
tained  in  a  wide  glass  tube  snrronnded  by  cold  water.  It  is  instantly  decompos«l 
by  water,  witli  formation  of  alcohol  and  antimonic  acid,  but  diasolres  easily  and  with- 
out decmnposition  in  aqueous  tartaric  acid,  also  in  alcohol,  ether,  and  chloroform,  and 
is  easily  purified  by  reciystallisation  from  alcohol,  separating  from  the  hot  saturated 

BoJutioD,  on  cooling,  in  "'""■'"^  ""'""' ji- -•-- 

the  orthorhombtc  systei 

tioD,  and  ucdorgoos  gradnal  altantion  even  when  kept 

a  sealed  tube  to  110°-]1S°  for  four  hours,  it  is  conrerted  into  a  dork  brown  liquid 


I 
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in  splendid  white  needle-shaped  ciystalJi,  apparently  belon^ng  to 
tem.  It  melts  at  6S°-67°,  is  oompletely  decomponed  by  distjlla- 
iradnal  altomtion  evon  when  kept  in  sealed  tubes.  When  btated  \ 
IC-llS"  for  four  hours,  it  is  conrerted  into  a  dark  brown  liquid 
which  doposita  a  few  crystals  of  antimooy  trichloride,  and  is  reaolfed  by  distillation 
into  hydnwhloric  acid,  ethyl  chloride,  and  antimony  trichloride,  with  a  small  residue 
of  antimony  trioiide  and  organic  matter. 

With  Methyl  Alcohol,  SbOl'.OH'O.— This  compound  is  prepared  like  the  I 
preceding,  which  it  resembles  in  its  proportios.  It  is  deposited  from  a  hot  alcoholic  | 
solution  in  leafy  or  tobular  crystals  haying  a  faint  yellow  colour,  and  melting  nt  81"  f 
lo  a  yellow  liquid  which  decomposes  at  130°,  with  evolution  of  hydrochloric  acid  and  | 
tnetbyl  chloride.  It  is  more  stable  than  the  ethyl -compound,  and  may  be 
without  alterntion  in  well -stoppered  bottles. 

With  Amy  1  Alcohot.—Thlscompound  i^  1d»  slablc  than  either  of  the  preceding, 
and  IB  ditHcall  to  prepare,  as  amyl  alcohol  n«s  wi'.\i  gtww  tuAeTiee,  e^en  on  froion 
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andmonj  pentaehloride.    It  fbrnu  white  itar-like  crystalB,  often  diicoloured  by  the 
deeompoMd  alcohol. 

With  Ethyl  Oxide,  SbGl^C*H'*0.— Thii  compound  is  best  prepared  by 
mixing  the  two  substances  in  the  proportion  of  their  molecular  weights,  keeping  the 
mixture  well  cooled,  as  decomposition  takes  place  at  70^.  The  compound  when 
freshly  prepared  is  a  flnely-diTided  crystalline  powder  of  a  greyish-white  colour.  It 
is  Yexy  hy(uosoopic  and  is  deoomposea  by  water,  but  dissolTes  withotit  alteration  in 
alcohol  and  in  ether.  The  crystals  melt  at  CS^'-CG^  and  are  Tery  unstable,  blacken- 
ing spontaneously  even  at  ordinary  temperatures,  and  decomposing  when  heated  for  a 
lew  minutes  to  their  melting  point. 

8.  Oxyekloride,  SbOGl'. — This  compound,  analogous  to  FOOl',  not  hitherto 
described,  hiss  been  obtained  as  follows  by  l5aubrawa  {LUbi^s  Jnnalen,  olxxxyi.  1 10). 
16  parts  of  antimony  pentacbloride  are  added  drop  by  drop  to  1  part  of  water 
eooled  by  ice.  A  yellowish  crystalline  mass  is  thus  obtained,  which  remains  un- 
altered in  dxy  air,  melts  when  heated  to  a  clear  yellowish  oily  liquid,  and  finally 
boils,  giying  off  dense  yi4x>ur8,  and  becoming  white  and  opaque  when  cold.  These 
results  indicate  that  the  body  when  heated  splits  up  into  SbOCl  and  CI',  the 
eUorine  escaping.  No  water  is  deposited  in  the  colder  part  of  the  tube,  a  proof  that 
the  elements  of  water  are  entirely  absorbed  in  the  chemical  reaction.  When  treated 
with  a  larger  quantity  of  water,  it  is  converted  into  a  white  pulverulent  sub- 
stance, Fr^my*s  pyroantimonio  add. 

On  shaking  tiie  oxychloride  with  a  concentrated  solution  of  sodium  carbonate,  a 
momentary  eyolution  of  gas  took  place,  and  a  bulky  white  precipitate  was  formed, 
which  became  granular  on  piolonged  boiling,  the  e!iange  being  attended  wiUi  further 
evolution  of  gas.  The  precipitate  washed  with  dilute  nitric  acid  and  dried  was 
found  to  consist  of  antimonious  oxide,  SbH)*.  Hence  it  appears  probable  that  the 
formation  and  decomposition  of  the  oxychloride  take  place  as  represented  by  the 
following  equations : 

sba»  +  H«o        -  2Ha  +  8boa« 

SbOCl*        -  SbOCl  +  Cl« 
2Sb001  +  CO"Na«   -  2NaCl  +  C0«  +  SbW. 

The  oxychloride  dissolres  readily  in  alcohol  to  a  clear  liquid,  which,  when  eyapo- 
xitad  on  the  water-bath,  giyes  off  hydrochloric  acid,  and  ultimately  yields  a  mass  of 
lig^t  yellow  crystals  grouped  in  rosettes.  On  adding  water  to  the  residue,  a  smell  of 
alcohol  is  deyeloped  and  a  white  precipitate  thrown  £>wn,  possibly  from  decomposition 
of  a  triethyl  antimonate,  formed  in  the  first  instance,  witn  eydution  of  alcohol  and 
separation  of  antimonic  add  (Daubrawa). 

Aatlmoiij  XodldM  (Madyor,  Ckem,  Soo,  J.  1876,  i.  828).  The  iri-iodide, 
Sbl' — ^fo^  the  preparation  of  which  see  Is^  Qufpl,  186~has,  when  cast  into  bars,  a  dull 
semi-metallic  lustre  on  the  outer  surfoce,  but  when  broken,  exhibits  a  beautifully 
radiated  fracture  and  a  briffht  semi-metallic  lustre.  It  melts  at  164*4^  (corr.)  to  a 
red  li^d,  and  boils  at  a  niffher  temperature,  eyolving  orange-coloured  yapours, 
which  m  an  atmosphere  of  hy£rogen  or  carbon  dioxide,  condense  on  a  cold  surface  in 
kige,  thin,  transparent,  poppy-red,  hexagonal  plates,  similar  to  Uiose  obtained  by 
Scmieider  {ho,  eit.)  If,  howeyer,  the  sublimation  be  conducted  in  air,  the  iodide  is 
partly  deoomposea,  with  liberation  of  iodine  and  formation  of  antimonious  oxide.  In 
dij  oxygen  the  decomposition  is  more  complete,  the  sntimony  buminff  with  flame.  The 
tn-iodide  yields  a  readish-brom^  powder  permanent  in  the  air,  and  soluble  in  ctarbon 
mUpUde  and  in  boiling  bemene,  forming  yellow  solutions,  which,  on  evaporation,  depont 
the  red  tabular  crystals  described  by  Nicklis  {loe,  cit.)  It  dissolves  partially  also 
in  carbon  trichloride  at  about  260''.  It  is  almost  insoluble  in  chloroform,  and  does 
not  dissolve  in  carbon  tetrachloride  or  in  oil  of  turpentine. 

Antimonious  iodide  dissolves  readily  in  aqueous  kt/driodic  aeidf  and  the  solution 
when  poured  into  water,  ffiyes  a  yellow  predpitate  of  oxyiodide.  The  solution  of 
the  iodide  in  cold  hfdrocklorio  acid  contains  undecomposed  iodide,  and  consequently 
giyes  a  yellow  precipitate  with  water,  but  after  a  few  minutes*  boiling,  the  whde  of 
the  antimony  is  converted  into  trichloride,  and  the  solution  then  giyes  with  water  a 
white  precipitate  of  oxychloride.  The  iodide  digested  with  abtolute  alcohol  partly 
dissolves  without  decompodtion,  but  the  greater  part  is  conyerted  into  the  yellow  oxy- 
iodide. Anhydrous  ether  also  produces  oxyiodide  and  a  dark-coloured  solution  con- 
taining undecomposed  tri-iodide.  Cold  dilute  aulphurio  acid,  (2H%0^+18H'0), 
contrary  to  the  statement  of  Brandes,  has  little  or  no  action  on  antimonious  iodide, 
but  on  applying  a  gentle  heat,  rapid  decompodtion  takes  place,  with  eyolution  of 
iodine  ana  Ibzmathn  of  aatimoniouB  sulphate.    Nitrie  acid  of  sp.  gt.  Vb  ^«CQnr^Q«^i^ 
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UiB  kxlida  inimi>diatelf,  conTertJng  it  into  uiiJc ;  ncid  nf  «p.  gr,  1-1  nets  in  the  bbiiu 
neonra';  acid  of  ap.  gr.  1-2  afler  some  time  Daly.  CAlorme  M  aaai  coavarta  the  tri- 
iodide  iulo  triclilDndi!,  and  iodine  monochlorido;  broinini  a<:ts  in  like  monuer.  loHii* 
monoakioride  produces  aDtimonious  chloride  and  froo  iodine  (Maeivor,  Chan,  Soe.  J. 
1876,  i.  328). 

The  oiyiodide,  fonned  as  above  menliooed  by  the  action  of  water,  almhol  sad 
other,  □□  the  Cri-iodido,  ralies  \a  compoeilJon  according  Ia  tho  particnlar  circanutitDeef 
undn  vhich  its  formntlon  lakes  placo.  Wbea  formod  lij  pouring  the  hydriodio  odd 
■olatioD  of  the  iodide  iato  boiling  water,  ithasthecompoaiUonSb'I'O'oFSSbl'.SSb'O'. 
It dissolTM  somewhat  slowl;  in  liirtoiic  acid;  when  ilrongl;  heuUd  it  is  teaolred  into 
tii-iodide  and  trioiide. 

Tbe  'pentiodidi  of  anlimrmy  detcTifaod  by  Ton  der  Espt  (1>(.  Svppl.  187).  oa 
formed  by  healing  iodine  and  antimony  logather  in  the  required  proportions,  appear* 
to  be  nothing  but  a  mixture  uf  the  Cri-iodide  with  free  iodine. 

A  Vboapblde,  PSb,  ii  obtained  by  the  action  of  phosphorus  on  antimony  tribromiilai 
both  being  dissolved  iu  carbon  sulphide.    It  is  e  red  powder,  insoluble  ia  benzene.     ' 
ether,  and  carbon  sulphide  {W.  Hamsay,  Dent.  Ckcm.  Ga.  Btr.  vi.  1362).  j 

On  the  OaMts  and  Aeidt  o/ Anlimotiy,  and  the  probable  eii«tence  of  an   Orlia- 
anHmonk   acid,   SbO'H',   analogons   to  FO'Il*,   see  Danbrami   (Liefiig's  Janalrn,    | 
rlxxxvi.  110). 

Kphotphide,  Sli'S". — According  to  Terreil  (Qinqif.  roM?.  luxviii.  ISOO),  nativa 
antimonioUB  sulphide  is  not  acted  on  by  pure  potassium  carbonate  (prepared 
hy  precipitating  B  sohtion  of  pure  potaesiuni  gnlphate  with  caustic  baiyl*,  and 
passing  carbon  dioxide  into  the  liquid)  in  riquoouB  solution ;  and  the  fbrmittioD  of 
kermee  (amorphoiut  trisolphids  containing  oiide)  from  the  native  sulphide  bj  the 
action  of  potassium  carbonate  prepared  from  cceam  of  tartar  or  from  the  bicarbonate 
is  due  lo  the  presence  uf  cmntl  quantities  of  sodium  carbonate.  Terreil,  thorefbiB, 
recommenda  the  fbrniation  of  kemies  in  the  wet  way  as  a  test  fur  the  presence  of 
sodium  carbonate  in  potassium  carbonate.     In  the  dry  way,  on  the  contrary,  the  yield 


This  mineral,  to  Che  amount  of  several  unite  per  cent.,  is  almnst 
always  found  in  nngitic  greonstcnes,  and  ia  frequently  met  with  in  other  plutonic 
rocks,  especially  trachytes  and  lavas  (Pcteraen,  J.  pr.  CItem.  [2],  vi.  197).  It  also 
occurs  in  many  doloritea,  in  colourless  heiagons  sad  long  noodles  (Saodbei^r,  JiiAr£. 
J.  Win.  1874,  88). 


18  of  a  inogiiusia-mica  containing  apaljte. 
At  Pendal  the  vein-mass  in  the  gnbhro  is  magnetic  iron-pyrites,  and  in  it  lie  mony 
ciTiitals  of  apatite,  exhibiting  the  characteristic  rounding  off  of  the  ozigles  and  edges. 
At  Krageri)  apatite  does  not  occur  in  gabbro,  but  in  voin-etocks  of  hornblende,  the 
centre  of  the  vein  consisting  principally  of  coarse  radiating  hornblende,  which  often 
eneloeea  mosses  of  apatite  two  feet  long.  These  Kragerii  veins  have  a  most  peculiar 
and  beantiful  appearance,  being  contpeeed  of  intensely  black  hornblende,  red  apatite, 
light  green  and  grey  radiating  masses  of  asbestos-steatite,  and  nicile.  Tha  other  vwns 
are  either  hamblendo  or  granite.  It  appears  that  apetife  crystals  are  genernll;  found 
only  in  the  hornblende  veina  which  contain  magnetic  iron-pyrites.  It  has,  however, 
been  fodad  ciystaliised  in  quarlz-mnseee  which  intersect  the  layers  of  hornblendic  and 
■"■    —    Tel^orrcstHd.intheparishofBamlejsotnetimeBiucryBtalBt 
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inches  long,  exhibiting  the  combination  osF.OP.P.  Apitite  c^stnlefrom  Oexoinkollen 
(Snorum)  exhibit  the  combination  a>F.  cbP2  .  OP  .  P  .  2PSi  the  voiiet;  called 
moroxite  found  at  Aestesvag  is  found  in  beautiful  large  cryKtals,  on  which  the  bual 
terminal  phine  does  not  occur ;  the  coloure  are  white,  grey,  yellow,  green,  nolet, 
brick-red.  Tbe  apatite  from  Oedegarden  is  penetrated  and  coloured  by  a  peculiar 
carbonacoaus  substance  (Brogger  a.  Reuach,  Jahrb.f.  Min.  1876,  1S6). 

Crystalline  deposits  and  small  distinct  crystaU  of  apatite  have  bean  formed  on 
small  cleft  faces  of  a  rather  hard  osteolite,  occurring  on  the  beae  of  the  liossberg  in 
the  northern  Odenwold  (Petersen,  Hid.  1873.  8b2). 

Apatite  also  occui%  together  with  hyalite  and  arrsgonite.  in  the  neighbanrhood 
of  Waltzsch  in  Bohemia.  Tbe  apatite  and  hyalite  occur  most  frequently  in  druses, 
the  apatite  forming  the  lowest  layer;  then  follow  hyalite  aud  apatite  alternately; 
and  tbe  uppermost  layers  ore  formed  of  hemispherical  and  bolryoidol  concretions: 
wnaietiag  of  npatite  and  scales  of  hjalite,  qt  n\  an  'wtimiAe  TOiiVattt  o^  \\w  V 
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minerals  having  an  opalescent  aspect.  Hyalite  occnrs  also  in  the  basalt  of  Waltzsch 
in  scaly-fibrons  forms  which  are  psendomorphs  after  apatite,  and  in  radial  groups 
of  neecUes  which  are  psendomorphs  after  arragonite. 

Splendid  crystals  of  apatite  have  lately  been  formed  at  Untersnlzbach,  often 
enclosing  fine  needles  of  hornblende,  bat  sometimes  perfectly  colourless  and  trans- 
parent ;  tabular  through  OP.  One  of  them  had  a  breadth  of  6  cm.,  another  of  8  cm., 
caused  by  the  parallel  growth  of  two  individuals  (Tschermak,  JaM.f,  Mineraloffie, 
1876,  200). 

Fluor-apatite  from  Murcia,  in  -perfectly  transparent  greenish-yellow  crystals, 
of  sp.  gr.  8*25,  was  found  by  Church  (Chem.  8oc,  J,  [2],  xL  101)  to  contain : 

93*11         1-12        4-45         0*19         118   »    100. 

The  percentage  of  tricalcic  phosphate  in  this  fluor-apatite  is  nearly  1  per  cent,  higher 
than  that  (92*26)  required  by  the  formula  Ca'(FO«)'F. 


Sandberger^s  analysis  of  this  mineral  represents  the 
whole  of  the  iron  as  existing  in  the  state  of  ferrous  oxide  (i.  849).  According  to  it^ies, 
however  {Chem,  Cent,  1875,  127 ;  Jahrb,  /.  Min,  1873,  820),  this  is  not  the  case,  as 
both  oxides  of  iron  enter  into  tiie  composition  of  the  mineral,  which  may,  in  foct,  be 
represented  by  the  formula  8(2RO.SiO*)  +  5(R*0'J9iO*)  -i-  18H'0,  where  BO  represents 
ferrous  oxide  and  magnesia,  BH)*  feme  oxide  and  alumina,  the  ratio  of  FeO  :  MffO 
being  about  10  :  1,  and  that  of  Al^O*  :  Fe*0*->6  :  1.  From  a  comparison  of  the 
analyses  by  various  chemists  of  *  Aphrosiderite,'  or  of  '  minerals  related  to  aphrosi- 
derite,'  Nies  concludes  that  the  greater  number  cannot  be  made  available  for  the 
determination  of  the  formula,  on  account  of  imjperfect  separation  and  determination 
of  the  two  oxides  of  iron ;  and  that  those  in  which  the  two  oxides  were  exactly  sepa* 
rated  and  estimated,  relate  to  minerals  specifically  different  £rom  aphrosiderite.  On 
the  other  hand,  he  considers  it  most  probable  that  the  true  aphrosiderite  is  iduitical 
with  Breithaupt's  thuriugite  (v.  791). 

APIzar.  This  name  was  given  by  Braconnot  to  a  substance  first  obtained  by 
Bump  in  1836  (Buchner's  Repert.f,  Pharm.  vi.  6),  from  the  leaves,  stalks,  and  seeds 
of  common  parsley.  It  was  aft^wards  examined  by  v.  Flanta  a.  Wallace,  who 
obtained  it  only  in  an  impure  state,  as  a  gelatinous  mass  (i.  360),  and  more  exactly  by 
Lindenbom  {hutugurtU  JHssertaHon^  Wiirzburg,  1867),  who  ootained  it,  by  careful 
evaporation  of  the  alcoholic  solution,  in  needles  which  gave  by  analysis  64*71—66*26 
per  cent,  carbon,  and  6*49  to  6*60  hydrogen,  and  ftirther  showed  that  it  is  a  glueoside, 
splitting  up,  when  boiled  with  dilute  sulphuric  add,  into  glucose  and  apigenin  (66*18 
per  cent.  C.  8*9  H.)  From  these  numbers  Lindenbom  inferred  that  apigenin  is 
isomeric  with  quinone,  and  assigned  to  apiin  the  formula  C*'H**0',  representing  its 
decomposition  by  the  equation,  0»«H'*0'  +  H«0  =  G«H«0«+  G«H»0«. 

Quite  recently  apiin  has  been  further  examined  by  £.  v.  Gerichten  (DmU,  Chem, 
Ges,  Ber,  ix.  1121),  whose  results  agree  in  the  main  with  those  of  Lindenbom,  his 
analysis  of  apiin  giving  68*66  per  cent.  C,  6*36  H.,  and  that  of  apigenin  66*12—66*21 
G.  and  8*76—3*91  H.  He  finds  that  aj^igenin  is  oxidised  bv  chromic  acid  mixture, 
even  at  ordinary  temperatures,  to  formic  and  carbonic  adds,  and  by  nitric  add  to 
oxalic  and  picric  adds. 

By  fusion  with  potash  it  yields  phloro^lucin,  CH'O^,  together  with  an  add  not 
yet  Mly  examined,  which  bv  farther  fusion  with  potash  is  converted  into  proto 
eatechuio  acid,  C^H'0^  small  quantities  of  oxalic,  formic,  and  paraoj^benzoic  adds 
bdng  formed  at  the  same  time.  Apigenin  must  therefore  contain  at  least  13  atoms 
of  carbon.  The  analytical  results  cannot,  however,  be  correctly  represented  bv  any 
13-carbon  formula,  and  the  formula  which  agrees  best  with  all  the  results  is 
C'*H»«0*  (C-66*6;  H  =  6  2},  and  this  gives  for  apiin  the  formula  0«»H"0" 
(C»62*9 ;  Ha 6*2).  With  these  numbers  the  decomposition  of  apiin  by  dilute  sul- 
phuric add  may  be  represented  by  the  equation : 

CH^O"  +   H«0  -  20«H»0«  +  C>»HW0« 
or  more  probably 

C"H«0"  =  C"n»«0"  +   C'»H»«0». 

Apiin  is  slightly  soluble  in  cold,  easily  in  hot  water,  still  more  easily  in  hot 
alcohol,  insoluble  in  ether ;  from  the  aqueous  or  alcoholic  solution  it  always  separates 
by  slow  cooling  in  the  form  of  a  jelly.  It  dissolves  in  alkalis  with  light  yellow 
colour.    Its  hot  aqueous  solution  gives  no  precipitate  with  silver  nitrate,  lead  nitrate, 

*  Low  and  UDdctcrminod  matter. 
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or  copper  Bolpliale.  a  lirovD-rcd  prei:lpiUiM  wttli  ferric  chloride,  u  biaod-red  colora- 
tioa  witb  ferrous  aalphiLtti, 

Apiin  is  tbe  most  pawsFfuIly  dextrogyrate  of  all  knovn  subnteiiccB.  tl»  upedfic 
rotabTj  power  fur  j'cllow  light  bfling  -i- 173°.  The  crystals  malt  st  2S8°  (nncar- 
reeled). 


AVXOl,  or  VJUtBKET  CABIPHOX.  is  a  cijstalline,  aubBtsnee,  eitiaeted, 
together  with  a  liqaid  teipene,  b;  distilling  panley-aeedB  with  waler.  lb  forms 
long,  white,  bnttts  needles,  meltiog  at  30°  and  iHiiling  at  about  300°.  By  boilinjc  it 
with  akoholic  patash.  it  is  corrvert^  into  a  body  which  oiTitaJlives  in  pearly,  rhoniLie 

{lutes  melting  at  53-a°,  and  coQtains.  as  a  mfaa  of  three  analyses,  C<iS5-4,  H  —  fi'fi. 
hie  last  body  boilod  with  dilute  nitric  acid  yields  ouUIc  add,  and  a  Bubstnnce  which 
ciyelalliaeB  ti^m  alcohol  in  long,  brillisnC  yellow  needles,  melting  at  1 11°,  and  dis- 
solving gradually  in  bailing  potash  with  deep  purple  coloiu'  (t.  Oerichten,  Den/.  Chem. 
Ge..  flcr.il.  H7T). 

S.    See  MosFBiNK. 
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FormalvM  from  WMastoniU.—A,.  Sttengl  {Jahrbtich  /»r 
Mimsralogit,  1S76,  303),  describes  a  specimen  of  wollaatonite  Erom  Aeerixu'h  in 
Saxony,  covered  with  a  cJiin  craet  of  apophyllite,  which  baa  evidently  GUod  a  cleft  in 
the  wollttslonite,  thie  oloft,  however,  not  having  been  completely  filled  up  by  the 
apophyllite,  oiceptiDg  in  a  few  pUces,  so  that  most  of  the  crystals  of  the  lattor  pro- 
ject into  the  free  cavity.  These  crystals  are  from  I  to  2  millimeters  in  sine,  pBrfbctly 
colourless,  strongly  Instnpus,  and  exhibit  the  (quadratic)  DambinatioD  aPie  .  OP  .  F, 
witJ]  bF  very  snbardinute.  Tbey  are  either  shortly  prismatic,  in  which  case 
P  appears  aa  a  tmncation  of  the  combination-edges  of  aPoi  and  OP;  or  thoy  form 
thick  plalea,  ™P  then  appeiiring  as  a  narrow  imncntion  of  iho  lateral  edge* 
of  P. 

This  apophyllits  has  evidently  been  formed  by  the  action  of  carbonic  acid  water 
on  the  watlastonile.  fbrmiag  calcium  carbonate,  which  remained  behind  (the  wollsft- 
tonite  effervesces  with  acids),  and  hydiated  calcium  silicate,  which  diaBolved,  and  was 
deposited  in  the  clefts  of  Che  wollostonite : — 

ZCaaiO'  +  CO"  +  ZH=0  =  CaCO"  +  H'CaSi'O'.H'O. 

JLVFkflB,  Apples  when  heated  witb  wat^ r  give  off'  a  conaidenible  quantitj  of 
gas.  Four  of  middle  size  yielded  100  a-c,  consisting  of  40'!i  corljon  diaiide,  5il'37 
nitrogen,  and  0**3  oxygon.  The  apples  contain,  therefore,  inly  carbon  dioxide 
and  nitrogen,  the  small  quantity  of  oxygen  being  due  to  the  prossnce  of  a  little  air. 
Older  apples  cuntuin  in  proportion  leas  carbon  dioxide,  i 
to  68'ii3  of  nitrogen  (C.  Bender,  Deal.  Chest.  Gai.  Brr.  y 

AQVA   SECUA.     See  NiTROSti,  Cbuibu>£s. 

AMAXXM  (Scheibler,  Bcut.  Chem.  Gm.  Bar.  vi.  1121).  Scheibler,  in  1868. 
described  n  constituent  of  the  cellolar  tisauo  of  iJie  HUgai^boet.  which,  miUer 
certain  circumstances,  passes  into  the  jnice,  and  serioucly  binders  the  formation 
of  crystalliBahle  sugar.*  This  aubslauce  possesses  all  the  properties  of  the  metn- 
peclic  acid,  which  Frfaoy  olitained  from  the  sugar-beet  (iv.  360),  eicepting  that 
its  oUali-metal  salts  ore  uot  immediately  precipitated  by  neutral  or  basic  lead 
acetate,  but  only  on  addition  of  ammonia,  and  thut,  tustend  of  being  optically  inactive, 
it  is  strongiy  iBvogyrale, 

Further  investigation  has  shown  that  this  substance  is  identical,  not  with  metA- 
poetic  add,  but  viui  arabic  add,  CH^O".  The  carbohydrate  from  beet  and  from 
gnm-orabie,  differ,  iadeed,  only  in  their  rotatory  power,  that  of  the  former  being  [a]  — 
—  08'6,  that  of  the  latter -38  (BAchomp).  Scheibler  Hnds,  however,  that  the  different 
varieties  of  gum-arabic  occurring  in  commerce  exhibit  great  diversities  in  their 
optical  rotatory  powers,  not  only  in  magnitude,  but  even  in  direction,  and  that 
similar  diversities  are  eihibited  by  the  carbohydrates  from  beets  of  different  growths. 
Bat  these  bodies,  though  opticidly  different,  yield,  when  boiled  with  dilute  acids,  one 
and  the  same  cryatallitublQ  Ixvogyrate  sugar,  called  arabinose.  having  Ihe  compo- 
sition CH"0',  together  vrilh  a  smaller  quantity  of  an  uncryatailisahlo  dextrogyrate 
sugar,  the  relative  quautjties  of  the  two  sagars  varying  with  the  optical  characteiB  ul 
the  original  substance. 

Arabic  add  is  prepared  from  beet  as  follows :   The  fresh  pulp  is  freed  ai 

ible  ft^im  juice  by  pressure,  then  oxhaueted  several  timee  nith  alcohol  of  6G-B0 

itt  Jhrir  SHppl'ii-ni.  p.  901,  when  on  line  13  (mm  ihe  tnttaDi,lor  turn!  p-p  nip  nad  pulp 
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per  cent,  again  pressed,  then  treated  with  warm  milk  of  lime,  and  pressea  once  more, 
the  excess  of  lime  precipitated  by  carbonic  acid,  and  the  filtrate  acidulated  with 
acetic  acid,  and  mixed  with  alcohol.  The  yiscid  gam  thereby  separated  is  purified 
by  repeated  solntion  in  water,  and  finally,  by  fractional  precipitation  with  alcohol. 
The  arabin  is  thus  precipitated  in  flocks,  but  even  after  repeated  dissolution  and  re- 
precipitation,  it  is  still  not  quite  free  from  mineral  matters. 

AsMther  kind  of  gum  is  obtained  from  beet  juice  which  has  passed  into  the  state 
of  mucous  fermentation.  On  mixing  this  juice  with  alcohol,  manniticacid,  lactic  acid 
and  a  peculiar  su^  remain  dissolved,  and  a  precipitate  is  obtained  consistiog  of  so- 
called  '  fermentation  gum,'  which  is  dextropyrate,  forms  with  Fehling's  solution  a  blue 
flocculent  precipitate,  and  when  boiled  with  dilute  acids,  yields  an  unerystallisable 
sugar  whicn  reduces  copper  solutions  (Scheibler). 

Pararabin, — ^This  is  a  modification  of  arabin,  distinguished  by  not  yielding 
sugar  when  treated  with  dilute  acids.  It  is  prepaid  from  carrots  or  beet-root  by 
pressing  them  well,  exhausting  the  pulp  with  water  and  alcohol,  digesting  the 
residue  with  dilute  hydrochloric  acid  (1  per  cent.)  for  some  hours,  and  Uien  boiling, 
and  precipitating  with  alcohoL  The  pararabin  thus  precipitated  forms  with 
water  a  jelly  which  dissolres  in  acids,  out  is  completely  precipitated  by  alkalis 
and  by  alcohoL  By  heating  with  an  alkali  it  is  converted  into  ordinary  arabin. 
Pararabin  forms  with  lead  and  barium  the  compounds  (C"H'*0**)*Pb  and 
2C**H»0"Ba  +  3H*0.  It  constitutes  the  Chinese  vegetable  jelly,  called  'Agar-agar' 
(i.  61 ;  £.  Beichazdt»  IktU,  Chem,  Gea.  Ber.  viii.  807). 


CH^'O*.  This  kind  of  sugar,  prepared  firon^  arabin  as  above 
described,  oystallises,  according  to  Groth,  in  well-formed  rhombic  prisms,  exhib- 
iting the  combination  ooP  .  oo^oo  .  ;^oo ,  sometimes  also  with  oo^,  cotn  [n 
Tery  large],  and  |P<x>  subordinate.  Angle  ooP  :  coF^Ul^  44';  ooP :  oof  <x>  « 
124*»  12' ;  Pod  :  Poo  « 127**  20';  Poo  :  ooPoo  « 116<»  20'.  Ratio  of  axes  aibio^B 
0-6783  :  1  :  0-4486. 


This  glucoside,  when  heated  with  acids  or  ferments,  has  hitherto 
been  supposed  to  yield  only  sugar  and  hydroquinone,  according  to  the  equation, 
C"HwO'  +  H»0«0«ffH)»  +  C«H«0«  (Ut  8uppl.  191);  but  from  recent  experiments  by 
Hlasiwets  a.  Habermann  (Wten,  Akad.  Ber,  1875,  73 ;  lAthigfs  Annalen,  dxxvii.  839), 
it  appears  that,  in  addition  to  these  compounds,  methyl-hydroquinone,  C'H'O',  is  like- 
wise formed.  Moreover,  a  careful  revision  of  the  published  analyses  of  arbntin  has 
shown  that  its  composition  is  correctly  represented  by  the  formula,  C*1P*0^*,  and, 
consequenUy,  that  the  decomposition  above  mentioned  takes  place  in  the  manner 
shown  by  the  equation : 

C«»H»*0"  +   2H«0  »  2C«H»H)»  +   C«H«0«  +  CH«0«. 

Strecker's  diniiro^rlmtin  has,  according  to  Hlasiwet2  a.  Habermann,  the  formula, 
C^H**(NO')H)*«+  3iHK),  with  which,  in  fact,  Strecker*s  numbers  agree  nearly. 

AXDXnZTa.  This  name  is  given  by  Lasaulx  {Jakrhuchf.  Mineralogies  1872, 
980;  1878,  124)  to  a  silico-aluminate  of  manganese  containing  vanadic  add  and 
sometimes  also  arsenic  acid,  which  occurs  near  Ottreg  in  the  Belgian  Ardennes,  mostly 
in  thick-fibred  cauliflower  groups  without  recognisable  crystalline  forms,  but  exhibit- 
ing two  directions  of  (Ustinct  cleavage.  Small  well-defined  crystals  are  also  found, 
which,  according  to  measurements  b^  vom  Hath,  belong  to  the  rhombic  system,  being 
derived  from  a  rhombic  octohedron  m  which  the  axial  ratio  is — 

Brachydiagonsl.  Macrodiagonal.  Principal  axis. 

0*4668  1  0-8135. 

Observed  faces:  P.P|.  ooP.  oo^.  oof».P»  .  »Poo  .  odPoo.  Cleavage 
perfect  parallel  to   ooPoo ,  distinct  parallel  to  ooP. 

The  colour  of  the  mineral  is  colophony-brown,  often  also  of  a  somewhat  lighter 
yellowish  colour ;  translucent  with  reddish  colour  in  thin  splinters ;  lustre,  waxy.  Sp. 
gr.  <=  3-620.  Melts  before  the  blowpipe  to  a  black  glass,  and  gives  a  manganese  bead 
with  borax. 

Quantitative  analysis  of  a  dark -coloured  variety  gave  the  following  numbers : — 

BIO«.       A1*0*.       Fe^>».       MnO.       CaO.       MjrO.       VK)».       Cu+P«0».       H*0. 

20-74     28-50       1'94       26*96     204       3*42        910  trace  404   -   90*74 

agreeing  nearly  with  the  formula : 

5(R''0«.SiO«.RO.SiO^)   +   3R0.VH)*    \-   5aq. 

The  b'ghtest-colonred  varieties  contain  arsenic  as  well  as  vanadium.     Pmu\ 
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Knd  ia  a  aubseqaent  bobIjsIs,  3'12  p«r  cent.  — VO*  and  O'0&  Ab^. 

V.  LiiKitiUx.  by  a  furthor  eiaminatian  of  the  mineral  (Jahrbiui,  1S74.  276  ;  IBTO, 
2S3  ;  Citm.  Soe.  Jovr,  1877,  i,  54),  finds  that  it  exhibitB  gaveral  Tarieties.  in  vhieh 
arsenic  and  ratiadic  iicid  roplat^  each  other  isomorphoiulj.  The  dHrkcsC-Mlonrod 
KpeoimenB,  with  which  his  fimnw  analjHes  were  made,  were  fonnd  to  ha  qoilo  free 
from  arijeQic,  and  to  giye,  na  brforo,  BIl>  per  cent.  VO*.  wheross  n  lighter-coloured 
rnnety,  of  «p.  gr.  3'6SS,  gave  6'S4  per  cenL  As'O'  aad  SSSli  per  cent,  silica,  agreeuig 
Tiiry  nearly  with  Pieaai's  dBbarmi nation,  vii.  28*i0  par  cent.  A  somewhat  daricer 
variety,  intermediate  id  colour  between  the  two  just  mentioned,  gave  398  per  cent* 
Ab'O".  It  IB  highly  probable  that,  among  the  numerous  variclieB  of  the  minenl, 
some  may  be  foand  in  which  WiBadium  ia  altogothor  abaont.  Phosphoric  acid,  a  timce 
of  which  was  found  in  the  flnt  analysis  made  by  T.  laiaulx,  may  perhaps  be  found  in 
other  varieties,  reptaciog  to  a  greater  or  less  extent  the  arsenic  and  vanadic  acids. 
See  also  Bettendorff  (P(^.  Jnn.  cli.  12S  ;  Cheia.  &ic.  Jaur.  1877,  ii.  175). 

The  water  in  ardennite  ie  very  intimately  combined,  and  can  be  expelled  only  hj 
mrong  and  prolonged  ignitioa. 

In  this  reepoct,  and  likowisa  in  its  cq^talline  form,  ardonnite  oihibits  a  coneider- 
able  resemblance  to  ilTaito.  The  quautities  uf  silica  and  alumina  (or  its  cquiraient 
in  ferric  oxide)  also  agree  Tury  nearly ;  but  the  quantities  of  manganous  oiids,  or  i(« 
rquiTBlent  in  ferrous  oiidi!,  differ  considsrublj  in  the  two  mjuenls.  Horoorer  ilrailo 
does  Dot  contain  Tanadium. 

Ardennite  occurs  on  a  quartz  veia  of  the  cryslAlline  slute  near  OtUcg.  assotnaled 
with  smoke-grey  qnarti,  which  is  traverBed  by  pjrolusite,  violet  and  black  compounds 
of  manganese  and  iron,  and  crystalline  nggre^les  of  albite.  None  of  these  miosrats 
conlain  a,  trace  of  vanadium,  which  element  is,  therefore,  an  ossenLial  constitnent  of 
Bidenaite. 

See  CiNcnoNi  Auulo'ids. 

The  root  of  Arnica  montana  was  examined  in  18B0  by  WhIe,  who 
obtained  capRiic  and  caprylic  acids  from  the  watery  distillata,  and  hnyl  caproalo 
from  the  essential  oil  (ls(  Snppl.  102).  It  haa  bifcelj  boea  esamined  by  0.  fiigel 
(Liebi^i  Amtaleii.  cUx.  345),  who  has  arrived  at  totally  difiereat  results. 

The  essentiul  oil  was  distilled  tiom  a  mixture  of  old  and  fresh  arnica  root.  The 
watflr  which  accompanied  the  oil  was  strongly  acid.  It  was  nentralised  with  sodinm 
carbonate,  evaporatad  to  diynass,  exhausted  with  alrohol,  the  alcoholic  solution 
evaporated  agam  to  dryness,  and  the  acid  separated  by  distJUation  vith  sulphuric  acid. 
The  diatillate  had  a  pungent  odour,  which  was  afterwards  found  to  be  due  to  formic 
acid,  but  it  also  smelt  of  butyric  acid.  It  waa  neutralised  by  ammonia  and  precipiUted 
fractionallj  by  silver  nitrate.  The  first  three  fraodons  consisted  of  microscopic  needles 
conhuning  raapectively  5325,  S3'46i  and  6438  per  cent,  of  silver.  The  last  threa 
fractions  ware  composed  of  miante  tabular  crystaJB,  containing  64*71,  61-78,  and  55-13 
per  cent,  of  silver  ;  silver  butjrate  contains  55-38  per  cent,  of  silver.  The  last  three 
fractious  trsntsd  with  a  quantity  of  hot  miter  insufficient  to  dissolve  the  whole,  gave 
a  aolutiou  which  on  cooling  deposited  pure  silver  isobulyrato.  The  other  acid  con- 
taining a  larger  percentage  of  carbon  is  regarded  by  Sigel  as  anD:elic  add.  but  neither 
caproic  nor  caprylic  acid  was  detected.  Old  arnica  root  fnmiahas  a  distillate  richer 
in  acid  than  that  obtained  from  the  fresh  root.  Ten  pounds  of  old  root  gave  13  grams 
of  sodium  salts,  whilst  20  ponuds  of  fresh  root  yielded  only  10  grams, 

T/U  umnlial  oil  of  arnica  root  is  yellow,  with  a  slight  tinge  of  green  and  is  quite 
neutral.  Its  sp.  gr.  =■■9976  at  16°,  =  1-O087  at  0°.  Arnica  oil  from  tha  frwih  root 
had  a  slightly  greater  sp.  gr.  The  yield  of  oil  is  vecy  variable ;  old  roots  gave  0'4  to 
O'O  per  cent,,  freah  roots,  1  per  cent.  The  latter  contained  about  1  per  cent,  mora 
carbon  than  the  former.  Submitted  to  fractional  distillation  the  oil  began  to  boil  at 
214°,  the  greater  part  passing  over  between  236°  and  245°,  the  rest  between  246* 
and  203°,  Icn-ring  a  brown  resin.  The  several  fractions,  however,  showed  very  little 
difference  in  composition.  The  oil  was  tharefore  boiled  with  ^coholic  potash  for 
some  time,  and  the  solution  then  dilated  with  water,  which  caused  the  separation  of 
B  lighter  oily  liquid.  On  neutralising  the  alkaline  solution,  a  brown  resinous  substance 
was  preoipitatfld,  from  which  ether  extracted  an  oilj|  body,  and  this  submitted  to  dis- 
tilhition  in  a  current  of  atesm  gave  a  yellowish  liquid  boiling  at  224°-226''.  Its  sp. 
(P.  at  12'  wna  lOSd.    It  had  ihu  composilion  ot  v\i\oTa\.  &n."'Cl,B.wVl)'s  ttoalmoiit 


I 
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with  ethyl  bromide  in  presence  of  potash,  it  gave  ethyl-phIorol,a  colourless  liquid 
boiling  between  215<'  and  217^ 

The  alkaline  solution  from  which  the  phlorol  had  been  obtained  likewise  furnished 
isobutyrlc  acid. 

The  oily  liquid  which  separated  on  addition  of  water  to  the  alcoholic  potash  solution 
was  submitted  to  fractional  distillation,  but  could  not  be  made  to  yield  a  definite  pro- 
duct. It  was  therefore  oxidised  with  a  mixture  of  potassium  chromate  and  sulphuric 
add.  Oarbonic  anhydride  and  (i  small  quantity  of  a  body  having  the  characters  of  an 
aldehyde  were  produced,  also  acetic  and  some  formic  acid,  besides  a  crystalline  body 
m«lting  at  45^-46^,  and  haying  the  properties  and  composition  of  thymoquinono. 
This  portion  of  arnica  oil  must  therefore  contain  some  body  nearly  related  to  thymol. 
It  could  not,  however,  be  thymol,  because  this  portion  of  the  oil  was  insoluble  in 
potash ;  but  when  heated  with  strong  hydriodic  acid,  it  gave  a  considerable  quantity 
of  methyl  iodide,  and  the  residue  ftimished  thymohydroquinone,  together  with  a  small 
quantity  of  phlorol,  and  resinous  products. 

Sigel  has  also  examined  the  specimen  of  arnica  oil,  formerly  the  subject  of  Walz's 
experiments,  with  results  precisely  the  same  as  those  above  detailed. 

ASOMATZO  BOBIBS.    See  Bxmzbnb  BsBnrATiVBs. 


On  the  occurrence  of  Arragonite  in  the  neighbourhood  of 
Waltzsch  in  Bohemia,  see  Apatite  (p.  116). 

On  Arragonite  £rom  Sasbach,  see  Schrauf  {Jahrhuchf,  Minercdogie^  1873,  89). 

AMMWanCm  On  crystals  of  Arsenic  from  Joachimsthal,  see  v.  Zepharovich 
(Jdkrimchf,  MmeralogU,  1875,  196). 

Anmie  in  Pyritea* — H.  A.  Smith  {Phil.  Mag.  [4],  xliv.  370 ;  Chem,  Newi,  xxvi. 
176^  has  determined  the  amount  of  arsenic  in  different  kinds  of  p^ites,  and  its  distri- 
bution during  the  manufacture  of  sulphuric  acid  therefrom,  and  in  the  several  stages 
of  the  alkali  manu&cture.  Beckoning  the  arsenic  as  arsenious  oxido,  the  proportions 
found  were : — 

Spanish  pyrites :  Tharis^s         ...»  1*65  per  cent.  As^O" 

„            „         Massoul's      .        .        .        .  1*74  „  „ 

Belgian       „             0*94  „  „ 

Westphalian  pyrites 1*88  „  „ 

Norwegian        „       hard 1*65  „  „ 

,>                „       soft 1*71  „  M 

Deposit  in  the  flue  leading  from  the  pyrites  kilns 

to  the  lead-chamber     .....  46*86  „  „ 

Deposit  in  the  chamber 1*86  „  „ 

Sulphuric  acid 1*05  „  „ 

Hydrochloric  acid 0*69  „  „ 

Sodium  sulphate 0*03  „  „ 

Soda-waste 0*44  „  „ 

Sodium  carbonate none  „ 

Becovered  sulphur  by  Mond's  process       .        .  0*70 

After  purification none  „ 

Smith's  observations  further  tend  to  show  that  some  of  the  arsenic  escapes  into 
the  air.  When  the  salt  used  for  the  production  of  hydrochloric  acid  is  treated  with 
sulphuric  acid  containing  arsenic,  the  arsenic  becomes  converted  into  trichloride. 
This  compound  is  said  to  be  completely  decom^sed  by  contact  with  water,  so  that, 
after  it  has  passed,  together  with  hydrochloric  acid  gas,  through  the  condensing  towers 
it  would  scarcely  be  expected  that  any  traces  of  -arsenic  originally  present  would  be 
found  in  the  escaping  gas.  This  is,  however,  the  case,  a  considerable  quantity  of  the 
arsenic  trichloride  escaping  the  action  of  the  water  in  the  condensing  towers,  and 
passing  together  to  the  chimney.  A  deposit  found  in  the  flue  leading  from  the  salt- 
cake  ftoiace  to  the  condensing  towers,  the  coke  contained  in  the  towers  themselves,  the 
gas  in  the  flue  leading  to  the  chimney,  and  the  smoke  escaping  from  the  chimney, 

were  all  found  to  contain  arsenic. 

AbH)"  per  cent. 
Flue  deposit,  mean  of  nine  determinations      ....      43 '484 
Coke  firom  condensing  towers,  mean  of  three  determinations  .        2*086 

Air  in  the  flue  leading  to  the  chimney,  rate  31,722  cubic  feet  per  hour,  mean  of 

twelve  determinations : 

AsH)*  in  grains. 

Per  1000  cubic  feet 0*168 

Per  hour frOl^ 

Perdnj U5\U 


ft 


122  ARSENIC. 

Air  taken  abuut  10  feet  from  bottom  of  chimney — 

Grain. 
Mean  of  nine  determinations  per  1000  cubic  feet    .        .        .        0*080 

The  arsenic  probably  escapes  either  as  trioxide  or  trichloride ;  if  as  the  latter,  it  is 
ultimately  transformed  into  the  former  by  the  action  of  water  vapour. 

Arsenkinthe  Air  of  Sooms. — From  experiments  by  H.  Fleck  {Zeitaohr,  f.  Biologte, 
yiii.  444)  it  appears  that  the  air  of  rooms,  the  carpets  or  wall-papers  of  which  are 
coloured  with  Schweinfurt  green,  often  contains  arsenetted  hydrogen,  produced  by  the 
action  of  moisture  and  organic  matters  on  the  arsenical  pigment.  The  size,  starch, 
paste,  &c.,  used  in  hanging  the  paper  appear  to  be  especially  active  in  this  respect. 

Detection, — ^Mayen9on  a.  Bergeret  (Gompt.  rend,  Ixzix.  118)  adopt  a  method 
foimded  on  the  following  reaction  described  by  H.  Rose : 

2AsH"  +  6HgCl«  =  As''  +   SHgKJP  +   6HC1. 

Paper  moistened  with  corrosive  sublimate  is  exposed  to  the  gas  evolved  from  Marsh's 
apparatus.  A  trace  of  arsenic  produces  a  lemon-yellow  coloration,  whilst  a  laiger 
quantity  gives  a  pale  yellowish  brown.  Antimonetted  hydrogen  gives  a  dark 
grey  coloration.  One  part  of  potassium  arsenate  in  120,000  of  water  may  be  thus 
detected.  By  the  aid  of  this  method  it  is  found  that  arsenip  is  rapidly  absorbed  into 
the  human  system  and  passes  at  once  into  the  urine. 

In  Sulphur, — Arsenic  is  sometimes  tested  for  in  sublimed  sulphur  and  in  flowers 
of  sulphur,  by  boiling  the  suspected  sulphur  with  ammonia,  and  then  neutralising 
with  hydrochloric  acid.  This  method  takes  for  granted  that  the  arsenic  exists  in  the 
sulphur  as  sulphide,  or  is  converted  into  the  sulphide  by  boiling  with  sulphur  and 
ammonia.  Arsenious  acid,  however,  is  the  usual  form  in  which  arsenic  occurs  in 
sulphur,  and  it  undergoes  no  change  when  boiled  with  aqueous  ammonia.  Sulphu- 
retted hydrogen  must,  therefore,  be  used  for  its  detection  (Hager,  Chem,  Centr.  1874, 
376). 

In  Papsr  or  Paperhan^inga. — ^A  piece  of  the  paper  or  paperhanging  is  moistened 
with  a  concentrated  solutioix  of  sodium  nitrate  in  a  mixture  of  equal  volumes  of  spirits 
of  wine  and  water,  and  allowed  to  dry.  The  dry  paper  is  then  burnt  on  a  flat  porce- 
lain plate,  and  usually  smoulders  without  flame.  The  ashes  are  treated  with  water, 
to  which  are  added  a  few  drops  of  potash-solution  to  strong  alkaline  reaction,  and 
the  liquid  is  boiled  and  filtered.  The  filtrate  acidified  with  sulphuric  acid  is  treated 
with  potassium  permanganate  so  long  as  decoloration  takes  place  on  wanning,  a 
slight  excess  of  the  permanganate  being  finally  added,  leaving  a  £unt  red  tint.  Th» 
solution,  if  turbid,  is  filtered.  After  cooling  and  addition  of  more  dilute  sulphuric 
acid,  a  piece  of  pure  zinc  is  introduced  into  the  solution  contained  in  a  small  flask 
fltted  with  a  doubly  perforated  cork.  In  one  perforation  is  flxed  a  piece  of  parchment 
dotted  with  silver  nitrate  solution,  in  the  other  a  piece  dotted  with  lead  acetate.  It 
arsenic  be  present,  the  silver  paper  is  soon  blackened.  The  lead  paper  serves  as  a 
check  to  show  the  absence  of  hydrogen  sulphide.  If  the  blackening  does  not  occur,  or 
if  a  slight  blackening  only,  accompanied  with  a  browning  of  the  lead  paper,  ensues 
after  some  time,  the  absence  of  arsenic  may  be  inferred  (Hager,  Dingl.  pol,  J.  ccvii. 
611). 

On  the  Detection  of  Arsenic  in  Toxioological  Investiffotions,  see  Selmi  (Gazz,  ehim, 
ital,  ii.  644;  Chem,  8oc.  Jour.  1873,  1166) ;  also  Eaiser  {ZeUachr,  Anal.  Chem,  xiv. 
260  ;  Chem,  Soe,  Jour,  1876,  i.  764). 

Estimation,  1.  By  Precipitation  as  Ammanto-magnesium  Arsenate. — ^It  is 
usually  recommended  to  dry  the  precipitate  at  100^-110^,  at  which  temperature  it  is 
said  to  retain  i^  mol.  water,  so  that  its  composition  is  represented  by  the  formula 
2(NH^^MgAsOM-HK).  This  mode  of  determination,  however,  is  not  exact,  as  the 
salt,  when  heated  to  the  temperature  above  mentioned,  gives  off  a  little  ammonia  as 
well  as  water.  For  this  reason,  Bammelsberg  (Deut.  Chem,  Ges.  Ber,  vii.  644) 
recommends  that  the  precipitate  be  dried  at  120^  and  then  ignited,  as  flrst  proposed 
by  Levol,  whereby,  if  the  calcination  be  conducted  with  the  precautions  recommended 
in  H.  Bose*s  TraitS  de  Chimie  Analytique  (tome  ii.  629),  a  residue  will  be  obtained 
having  the  composition  of  magnesium  pyro-arsenate,  Mg'As'O^.  The  dried  precipitate 
is  flrst  heated  for  a  lon^  time  to  a  temperature  below  200^,  then  gradually  raised  to 
300^  or  even  400^,  and  kept  at  that  temperature  for  several  hours,  then  heated  to 
low  redness,  and  flnally  to  bright  redness.  When  thus  treated  it  gives  off  all  its 
water  and  ammonia,  without  losing  a  trace  of  arsenic,  whereas,  if  the  salt  be  too 
quickly  raised  to  a  high  temperature,  a  portion  of  the  arsenic  is  reduced  and  volatilised, 
nitMUiDg  coDBJderMe  loss. 
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Acoordiof  to  L.  Wood  (SUL  Am,  J.  [3],  vi.  868)  very  exact  results  are  obtained 
by  piedpitatmg  the  arsenic  acid  with  a  solution  of  magnesium  chloride  in  alcohol  of 
85  per  cent.,  containing  100  grams  of  salt  per  litre,  and  adding  to  the  precipitated 
liquid,  after  twelve  hours,  half  its  own  bulk  of  alcohol  of  the  same  strength.  The 
precipitated  arsenate  of  magnesium  and  ammonium  is  collected  on  a  tared  filter,  washed 
with  a  mixture  of  3  pts.  water,  2  pts.  alcohol,  and  1  pt.  ammonia,  and  dried,  only 
that  portion  which  cannot  be  easily  detached  fi^)m  the  filter  being  dried  till  of  constant 
weight,  while  the  greater  portion  is  put  into  a  porcelain  crucible,  some  strong  nitric 
acid  added,  the  crucible  covered,  placed  within  a  larger  one,  and  heated  till  the  weight 
becomes  constant.  The  arsenic  is  calculated  ^m  the  combined  weights  of  Mg'As^O' 
and  2(NH*)MgAsO^  +  HK)  found.  To  prevent  the  precipitation  of  magnesium  arsenate, 
the  precipitated  ammonio-magnesium  arsenate  may  be  collected  on  a  filter,  dissolved 
in  hydrooilorio  acid,  rrarecipitated  by  ammonia,  and  the  alcohol  added  at  once. 

See  also  Maoivor  {(S^em.  News,  xxxii.  282 ;  Chem.  8oc,  Jour,  1876,  i.  756). 

2.  Bammelsberg  also  recommends  the  volumetric  estimation  of  the  acids  of  arsenic 
(anenic  add  being  first  reduced  by  sulphurous  acid)  by  supersaturation  with  potassium 
carbonate,  and  addition  of  starch-paste  and  a  normal  solution  of  iodine.  In  applying 
this  method,  however,  to  the  estimation  of  arsenic  in  ignited  magnesium  pjrroarsenate, 
he  finds  that  the  results  often  come  out  too  low. 

3.  VoUmutric  estimation  of  small  quantities  of  Arsenic  and  Antimony, — The  pre- 
cipitation of  silver  nitrate  by  the  trihydrides  of  arsenic  and  antimony,  according  to 
the  equations : 

l2AgN0»  +   2AsH"  +   3H«0  =   12HN0"  +    12Ag  +   As«0", 

SAgNO*  +  SbH»  «  3HN0*  +  3Ag  +  Sb 

may  be  utilised  for  the  estimation  of  small  quantities  of  these  metals. 

The  gas  generated  in  Marsh's  apparatus  is  passed  into  a  measured  volume  of  silver 
solution  of  mown  strengUi,  and  when  the  precipitation  is  complete,  the  excess  of 
silver  in  the  solution  is  estimated  by  means  (h  a  standard  solution  of  sodium  chloride. 

The  diflbrence  gives  the  quantity  of  silver  precipitated  by  the  arsenetted  or  anti- 
monetted  hydrogen,  and  thence  the  quantity  of  arsenic  or  antimony  present  may  be 
calculated:  A^» 011574  As « 0*3766  Sb. 

The  quantities  of  arsenic  and  antimony  in  a  mixture  may  be  found  by  determining 
(1)  The  total  quantity  of  silver  precipitated ;  (2)  Bv  titration  of  the  arsenious  acid, 
whereby  the  quantity  of  silver  precipitated  by  tne  arsenetted  hydrogen  becomes 
known ;  (3)  By  difference^  the  amount  of  silver  precipitated  by  the  antimonetted 
hydrogen,  whence  the  quantity  of  antimony  present  may  be  calculated  (Houzeau, 
Oompt,  rend.  Ixxv.  1828). 

4.  For  the  complete  separation  of  arsenic  from  animal  matters,  and  its  estima- 
tion in  various  tissues,  the  following  method  is  recommended  by  Gautier  (Cbmp^  rend, 
Ixxxi.  239).  100  grams  of  the  jnashed  tissue  are  gently  warmed  with  30  grams  of 
strong  mtric  acid.  When  the  liquefied  mass  becomes  viscous  and  tends  to  adhere  to 
the  sides  of  the  vessel,  it  is  removed  from  the  source  of  heat,  to  avoid  defiagratiou, 
which  would  be  attended  with  loss  of  arsenic.  Six  grams  of  sulphuric  acid  are  then 
added,  and  the  mixture  is  warmed  until  the  acid  emits  fumes,  when  15  grams  of  nitric 
acid  are  introduced,  drop  by  dro^.  The  whole  reli(^uefies,  emits  nitrous  fumes,  and 
leaves  a  carbonaceous  residue  which  is  easily  pulverised,  and  exhausted  with  boiling 
water.  The  sherry-coloured  filtrate  contains  all  the  arsenic,  but  no  nitric  compounds 
detectable  by  ferrous  sulphate.  To  the  warmed  liquid  a  few  drops  of  sodium 
bisi^bhite  are  added,  and  the  arsenic  is  precipitated  by  sulphuretted  hydrogen. 

ldro(uriment  shows  that  no  arsenic  is  lost  by  the  first  treatment  with  nitric  acid, 
even  though  small  quantities  of  chlorides  majr  be  present.  The  powerful  oxidation 
induced  on  the  addition  of  the  sulphuric  acid  is  never  accompanied  by  defiagra- 
tiou, and  the  final  addition  of  nitric  acid  prevents  the  reduction  of  the  sulphuric 
add.  The  residuary  charcoal  yields  a  scarcely  visible  trace  of  arsenic  in  Marsh's 
apparatus. 

5.  For  the  determination  of  very  small  quantities  of  arsenic  either  in  mineral  or 
in  organic  substances,  Crommvdis  (Bull,  Soc,  Chim.  [2],  xxv.  348)  gives  the  preference 
to  the  method,  first  proposed  by  Gktutier,  of  evolving  the  arsenic  from  a  Marsh's 
apparatus  in  the  form  of  arseniuretted  hydrogen,  and  weighing  the  metallic  arsenic 
obtained  in  the  combustion-tube.  As  evidence  of  the  extreme  accuracy  of  this 
method,  the  following  results  are  given : — 

Orpiment  of  absolute  purity  was  taken  : — 


Wt.  of  oarpiment. 
0-0108 

Metallic  anenio 
found. 

00065 

Metallic  araenio 
calcnlated. 

000658 

0-0032 

0-0030. 

0-00^08 
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On  determiniug  the  arsenic  in  a  portion  of  the  same  sample  of  orpiment  b^  the 
ammonium-magnesium  arsenate  method,  inaccurate  results  were  obtained,  as  will  be 
seen  fi^)m  the  lollowing— 


Orpiment 

Ammonium-magnesium 

Anenlo 

Arsenic 

taken. 

arsenate  obtained. 

found. 

0-65 

0-8766 

0-844 

0-8363 

Wt.  of  arsenic 

Anenlc 

obtained. 

caloalated. 

00016 

000162 

0-0080 

0-00801 

00016 

000162 

Gautier*s  method  is  eq^uallj  accurate  when  applied  to  the  determination  of  arsenic 
contained  in  large  quantities  of  organic  matter.  Known  volumes  of  a  standard 
orpiment  solution  (0-6  gram  of  orpiment  dissolyed  in  1  litre  of  water)  were  introduced 
into  100  grams  of  meat,  and  the  amount  of  arsenic  determined.  The  results  are  g^reo 
below — 

Wt  of  meat  cc.  of  aolu-  Wt.  of  orpi- 

taken.  tion  taken.  ment. 

100  grams.  6  0-0025 

10  0-0050 

„         „  6  00026 

The  carbonisation  of  the  organic  matter  must  not  however  be  carried  too  far,  as 
it  is  found  that  the  greater  part  of  the  arsenic  then  remains  in  the  charcoal  aa  sul- 
phide. In  order  to  be  quite  certain  that  all  the  arsenic  is  in  solution,  the  organic 
matter  which  has  been  successively  treated  with  nitric  acid,  sulphuric  acid,  and 
again  with  nitric  acid,  is  calcined,  and  the  residue  treated  again  out  not  calcined. 
By  this  process  all  the  arsenic  is  obtained,  and  no  stdphide  remains  in  the  charcoaL 

6.  For  the  detection  of  arsenic  in  wines  (introduced  together  with  ftichsine  aa 
colouring  matter),  the  following  process  is  given  by  C.  Husson  {Con^t,  rend,  booiii. 
199).  When  arsenetted  hydr(^u  is  passed  into  a  solution  of  iodine  in  bensene,  the 
colour  of  that  solution  is  rapidly  destroyed,  whereas  it  is  not  affected  by  pure  hydro- 
gen. This  reaction  is  applied  as  follows.  The  evaporated  residue  of  Uie  wine  having 
been  treated  by  the  ordinary  processes,  so  as  to  obtain  the  arsenic  in  the  form  of  a 
potassium  salt,  this  salt  is  mssolved  in  distilled  water,  and  Uie  solution  divided  into 
two  parts.  One  of  these  is  reserved  for  qualitative  examination,  and  the  other  is 
divided  into  two  parts,  in  one  of  which  the  arsenic  is  approximately  determined  by 
pouring  the  liquid  into  a  Marsh's  apparatus  which  is  evolving  pure  hydrogen,  and 
passing  the  gas  into  a  measured  quantity  of  a  standard  solution  of  iooine  in  ben- 
zene, and  as  this  is  decolorised,  gradually  adding  more  from  a  burette  until  the 
deoolorisation  ceases.  In  the  other  part  of  the  solution  the  quantity  of  arsenic  ib 
exactly  determined  by  pouring  it  into  a  Marsh's  apparatus  as  before,  and  allowing 
Uie  evolved  gas  to  ^ass  through  a  series  of  about  six  test-tubes,  each  containing  a 
known  amount  of  iodine:  for  example,  in  the  1st  0*01  gram;  2nd  and  8rd,  0-005 
gram ;  4th,  0-001  gram ;  6th,  0*0006  gram ;  and  6th,  0*0001 ;  but  these  quantities 
may  be  varied  according  to  the  indications  afforded  by  the  previous  experiment.  By 
noting  the  number  of  test-tubes  coloured,  the  exact  quantity  of  arsenic  introduced  into 
the  Meursh's  apparatus  can  be  ascertained. 

Arvenloiui  Oblorldev  AsCl'.  When  nitrogen  tetroxide  is  distilled  into 
arsenious  chloride,  a  liquid  is  formed  which  floats  on  the  chloride,  together  with 
solid  arsenic  oxide,  which  remains  at  the  surface  of  contact  of  the  two  liquids,  and 
is  produced  in  larger  quantity  on  mixing  them  and  leaving  the  whole  for  some  time  at 
a  temperature  about  0^.  The  liquid  contains  oxychlorides  of  nitrogen,  and  the 
reaction  appears  to  take  place  in  the  manner  represented  by  the  equation : 

4Asa"  +   6N*0*  =  2As»0*  +   8N0C1  +   2N0a« 

(Geuther,  J.  pr,  Chem,  [2],  viii.  364). 

Arvenloiis  niioiidef  AsF*.  This  compound  is  beet  prepared  by  heating  together 
4  parts  of  arsenic  trioxide,  6  of  calcium  fluoride,  and  12  of  pure  hydrogen  sulphate, 
H^O*  (obtained  hj  adding  sulphuric  oxide  or  the  Nordhausen  acid  m  due  proportion 
to  common  oil  of  vitriol).  It  is  also  formed  by  heating  sodium  or  ammonium  fluoride 
(preferably  the  latter)  with  arsenious  bromide  or  chloride.  When  perfectly  anhydrous 
it  does  not  act  on  glass.  It  is  miscible  with  alcohol  and  ether.  It  boila  at  a  little 
above  60^,  and  its  vapour-density  (determined  in  Hoftnann's  apparatus)  is  4*8  (cak. 
for  2  vols.  B  4*6).  It  absorbs  dry  ammonia  gas  in  large  quantity,  producing  a  white 
non-crystalline  mass,  which  dissolves  in  alcohol  and  ether,  but  is  decomposed  by 
water,  yielding  fluoride  and  arsenite  of  ammonium.  With  phosphorous  bromide  or 
chloride  it  yields  phosphorous  fluoride,  PF"  {q,  v.),  and  arsenious  bromide  or  chloride 
(Maciyor,  Chem.  News.  xxx.  169). 

Arsenloiis  Bjdiidef  or  Anlne,  AsH*.    This  gas  is  decomposed  by  strong 
sulphuric  or  hydrochloric  acid,  with  deposition  of  brown  flocks  consisting,  not  of 
M  solid  arsenide  of  hydrogen,  As'II',  as  commoixVy  8u^i^^^t^M\>  o^  TSife\x^\<&  «x«RiA!t^^ 
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small  quantity  of  salphur  dioxide  being  formed  at  the  same  time.  With  arseniotu 
eJdonde  arsenetted  hydrogen  forms  hydrochloric  acid  and  metallic  arsenic, 

Asa*  +  AsH"  =   2As   +  8H0L 

This  explains  why  metallic  arsenic  is  attacked  with  difficulty  by  hydrochloric  acid 
gas,  ana  scarcely  at  all  by  the  ac^ueoas  acid.  PhoaphoroM  chloride  acts  in  a  similar 
manner,  forming  hydrochloric  acid  and  a  phosphide  of  arsenic, 

P01«  +   AsH«  -  PAs  +   8HC1 

(Janowsky,  Deut.  Chem,  Get.  Ber.  1873,  216). 

With  regard  to  the  solid  arsenide  of  hydrogen,  said  to  be  deposited  when  metallic 
arsenides  are  dissolred  in  acids,  Janowsky  finds  that  it  consists  in  almost  all  cases  of 
metallic  arsenic ;  the  arsenides  of  potassium  and  sodium,  howeyer,  when  decomposed 
by  water,  leave  a  brown  velvety  residue  of  solid  hydrogen  arsenide,  AsH. 

Engel  (Cotiipt,  rend.  Ixxvii.  1645)  also  finds  that  the  solid  residue  left  on  dissolv- 
ing arsenide  of  zinc  in  hydrochloric  acid  consists  of  finely  divided  arsenic ;  so  likewise 
does  the  brown  substance  formed  by  the  action  of  hypophosphorous  acid  on  arsenjc 
oxide  dissolved  in  hydrochloric  acid.  When  arsino  is  passed  over  »ulphitr  in  sunlight, 
aolphide  of  arsenic  is  formed,  and  hydrogen  sulphide  is  liberated,  but  immediately 
decomposed  by  the  excess  of  arsenic,  the  tube  becoming  covered  with  an  iridescent 
film  of  arsenious  sulphide  (F.  Jones,  Chem,  Soo,  J.  1876,  i.  648). 

ArseBlona  mad  Araenlo  Oxides  mad  Aolds.  1.  Heat  of  Formation  and 
Sobakm  (J.  Thomson,  Beut.  Chem,  Oea,  Ber,  vii.  1002).— The  following  determina- 
tions, made  by  processes  differing  ^m  those  employed  by  Favre  in  1853,  show, 
nevertheless,  a  very  close  agreement.  The  heat  of  solution  of  amorphous  Ab'O*  in 
water  was  ascertained  by  observing  the  difference  in  the  heats  evolved  when  powdered 
azMnious  oxide  and  its  solution  were  respectively  added  to  an  excess  of  sodium 
hydrate.  The  result,  (As*0',Aq)  »  —  7550,  indicates  that  the  anhydride  dissolves  as 
9ueh  in  water,  no  hydrates  being  formed.  The  two  hydrates  of  arsenic  acid,  H^As*0' 
and  H'AsO*,  were  examined.  The  solution  of  the  hydrate  H^As*0'  lowers  the  tem- 
perature from  18^  to  2^,  but,  as  it  almost  immediately  begins  to  combine  with  water, 
the  temperature  quickly  rises  again  to  80°,  and  if  only  the  requisite  quantity  of  water 
lias  been  used,  the  whole  solidifies  to  a  mass  of  the  hydrate  H'AsO^.  The  oxidation 
of  arsenious  to  arsenic  acid  was  performed  with  iodine,  keeping  the  arsenious  acid  in 
excess.    Metallic  arsenic  was  oxidised  with  bromine-water. 

The  following  are  the  results  for  one  molecule  of  the  respective  compounds, 
at  18°:- 


Heat  of  solution 


AsH)*,Aq)       «  —  7550  gram-degrees. 

(As«0*,Aq)       =  +  6000 

H«AsO<,Aq)   =  -    400 

;H*As«0»,Aq)  =  +  1800 


Formation  of  hydrates   |  [^JIq^JhIo)  -  6800 

Formation  of  the  anhy-  J(As*,0»)            «  164590 

drides     .        .        .    U^*»0*)            =  219400 

f(As«,0«,Aq)   =  147040 

(A8«0»,Aq)   =  225400 


Formation  of  the  acids 
in  aqueous  solution 


(H«,Afl,0*,Aq)  =  215240 
(AsWAq,O'0  =   78350 


»» 
tt 

»« 


Neutralisation-phenomena  and  Basicity  of  Arsenious  Acid  in 
Aqueous  Solution  rThomsen,  ibid,  935). — The  analogy  existing  between  ursonic 
and  phosphoric  acids  does  not  extend  to  arsenious  and  phosphorous  acids.  The  com- 
position of  the  phosphites  shows  that  phosphorous  acid  is  bibasic,  and  the  neutralisa- 
tion-pbenomena  of  this  acid  distinctly  prove  the  bibasic  character  of  the  molecule 
PO»H».    (See  Phosphorus.) 

The  arsenites,  on  the  contraiy,  differ  in  constitution  from  the  phosphites,  and  the 
neutralisation-phenomena  of  arsenious  acid  show  that  the  molecule  As'O'  in  aqueous 
solution  forms  a  bibasic  acid,  while  a  hjdrate,  AsO'H',  analogous  in  composition 
to  phosphorous  acid,  if  it  has  any  existence,  must  bo  regarded  as  a  monobasic  acid. 

An  aqueous  solution  of  arsenious  acid,  having  a  concentration  represented  by  the 
formula  As*O'  +  400  HK),  was  mixed  with  a  solution  of  sodium  hydrate  in  the  pro- 
portions of  1  moL  of  As'O'  to  1,  2,  4  and  6  mols.  of  NaOH.  The  soda-solution 
contained  in  the  several  experiments,  400,  200,  and  100  mols.  of  water  for  each  mole- 
ealo  of  sodium  hjdrate.    The  evoltition  of  heat  in  these  experiments  was  as  foUo^-v ; — 
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a A8*0«Aq,aNaOHAq. 

1 7300  heat-nnito. 

2 13780 

4 16070 

6 15680 

These  onmbers  show,  in  the  first  place,  that  arsenions  add  is  a  weak  add :  for  tha 
neat  of  neutralisation  amounts  to  only  half  of  that  of  phosphorous  acid  (28870X 
hydrochloric  acid  (27480),  and  the  msgoritj  of  the  acids  which  have  been  inyeetigated ; 
an  aqueous  solution  of  eTen  carbonic  acid,  boric  acid,  hypochlorous  acid,  or  sulphu- 
retted hydrogen  possesses  a  greater  heat  of  neutralisation  than  arsenions  acid.  The 
numbers  show  further  that  the  molecule  AsK)*  saturates  only  2  mols.  of  sodium 
hydrate,  the  evolution  of  heat  on  neutralisation  of  As^O'  being — 

For  the  first  molecule  of  NaOH,     7300  \ 

:  3tnd fourth  ;:   aToSh"'*"""'-""''*- 

„       fifth  and  sixth        „        2.260J 

The  strong  erolution  of  heat  ceases  with  the  second  molecule  of  sodium  hydrate. 
The  heat  of  neutralisation  of  phosphorous  add  is  quite  different.  If  for  the  sake  of 
comparison  it  is  calculated  for  2  mols.  of  PO'H'  or  P'O'Aq,  it  is — 

For  the  first  molecule  of  NaOH,    14860  ] 
second      „  ,.         14810 


II      third  and  fourth      „    2.18636 
„       fifth  and  sixth         „    2.     672 


67880  heat-units. 


The  evolution  of  heat  in  this  case  is  proportional  to  the  amount  of  soda»  till  the 
latter  reaches  4  mols.,  so  that  the  simple  molecule  PO'H'  is  bibasic.  Experimentc 
on  neutralisation  with  baryta  gave  similar  results.  An  aqueous  solution  of  arsenions 
add,  As*0*Aq,  gives— 

WithlmoLofBaO<H*Aq        ....    14020  heat-units 
»»     2    „  „  ....     15620        „ 

This  shows,  in  the  first  place,  that  the  law  according  to  which  all  soluble  baaat 
produce  about  the  same  heat  of  neutralisation  with  the  same  adds,  holds  good  for 
arsenions  acid :  for  2  mols.  of  sodium  hydrate  give  18780  heat-units,  while  1  mol. 
of  barium  hydrate  gives  14020;  further,  that  Uie  neutralisation  is  completed  with 
1  moL  of  barium  hydrate:  for  the  second  molecule  gives  only  1600  units  as  the 
amount  of  heat. 

Arsenions  oxide,  therefore,  in  aqueous  solution,  acts  as  a  weak  bibasic  acid,  and  its 
salts,  when  they  contain  a  larger  amount  of  base,  are  basic  salts. 

Arsenions  acid  and  hydrodiloric  acid,  mixed  together  in  aqueous  solution,  produce 
no  thermic  reaction :  for  the  evolution  of  heat  with  As^O*  to  4HC1  amounts  to  only 
160  units. 

SohUnliiy  of  Araenioua  Oxide  in  Water. — L.  Al.  Buchner  (N,  Sep,  Pharm,  zzii. 
266)  has  examined  the  solubility  in  water  of  the  two  modifications  of  arsenions  oxide ; 
1  part  of  the  crystallised  oxide  dissolves  in  about  865  parts  of  water  at  26^,  after  a 
few  days'  contact;  1  part  of  the  amorphous  acid,  similarly  treated,  requires  only  108 
parts  of  water  to  dissolve  it ;  1  part  of  the  crystallised  acid  dissolves  in  46  parts  of 
water,  when  the  solution  is  prepared  at  the  boiling  heat  and  then  left  for  twenty-four 
hours  at  16^ ;  1  part  of  the  amorphous  add,  similarly  treated,  dissolves  in  80  parts 
of  water. 

Action  of  Iodine  on  Artenious  Acid, — ^According  to  Zinno  (N.  Sep,  Pkarm. 
xxii.  385),  when  iodine  suspended  in  water  is  added  to  a  boiling  solution  of  arsenions 
acid  till  a  permanent  coloration  is  produced,  and  the  liquid,  after  filtration  through 
charcoal  powder,  is  evaporated  till  it  begins  to  become  coloured  and  opaque,  and  thin 
left  for  some  days  in  a  cool  place,  shining  crystals  are  deposited,  having  the  oompod- 
tion  As*0'I\  that  is  to  say,  arsenic  oxide  in  which  2  at.  oxygen  are  replaced  by  4  at. 
iodine.  This  iodarsenic  oxide  is  more  soluble  in  water  than  vitreous  arsenic 
oxide  ;  soluble  also  in  alcohol,  insoluble  in  ether,  and  in  benzene.  It  is  decomposed 
by  air,  by  light,  and  by  prolonged  boiling  of  its  aqueous  solution,  yielding  arsenic  and 
hydriodic  adds.  The  andecomposed  aqueous  solution  exhibits  the  reactions  of  a 
soluble  iodide.  On  pouring  a  solution  of  potassium  iodide  into  a  hot  incomplete 
solution  of  iodarsenic  acid,  potassium  iodf^nate,  As'0*I*.2KI,  separates  in  fine 
silvery  scales.  The  corresponding  ammonium  salt,  obtained  by  neutralisation,  is  a 
colourless  crystalline  mass. 

According  to  Wegner,  on  the  other  hand  (Liebig's  AnnaUn^  dxxiv.  129),  the  sup- 
posed  iadaraenic  acid  has  no  existence,  the  ciyBleis  otoanei  b^  ^&3cuQk*fk  ^tooesa  oon- 
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■uting  merely  of  aneniGfus  oxide  containing  a  trace  of  hydriodic  acid.  When  iodine 
is  dinnlTed  in  a  hot  solution  of  arsenions  acid,  the  latter  is  oxidised,  with  formation 
of  arsenic  and  hydriodic  acids,  which  act  on  each  other  asain  when  the  solution  is 
concentrated,  free  iodine  and  arsenioos  acid  being  reprodnced. 

Anenaies, — ^When  the  arsenates  of  barinm  and  lead  are  boiled  with  nitrie  acid  of 
Taxiable  concentration,  and  the  solutions  left  to  cool,  decomposition  takes  place,  and 
OTStals  of  barinm  or  lead  nitrate  are  deposited,  provided  the  nitric  acid  is  safficiently 
concentrated  to  render  the  nitrat«s  of  lead  and  barium  insoluble  in  the  liquid.  If 
water  be  added  to  a  solution  of  barium  arsenate  in  nitric  acid,  it  remains  clear ;  but 
if  a  boiling  solution  of  lead  arsenate  in  nitric  acid  be  diluted  with  water,  it  quickly 
deposits  needles  of  biplnmbic  arsenate. 

The  ^KXiphates  of  lead  and  barium  react  with  nitric  acid  in  a  precisely  similar 
manner  (BuTillier,  Cdmpt,  rend.  Ixxxi.  1251). 

On  the  Compounds  of  Arsenic  acid  with  Molybdic  acid,  see  MoLTBDunnc. 


The  experiments  of  Nilsson,  already  described  (2nd  SuppL  106), 
hare  been  continued  {^J.  pr,  Ckem,  [2],  xii.  296 ;  xiii.  1),  chiefly  wi^  the  view  of 
determining  the  conditions  under  which  realgar  and  orpiment  are  produced. 

1.  Arsenic  disulphidet  As*S^  Reaiaar, — Arsenious  anhydride  and  sulphur 
heated  together,  according  to  Berzelius's  directions,  in  the  proportion  of  2iU*0' 
to  7S^,  yielded  a  transparent  ruby-red  glass  containing  4294  per  cent,  of  sulphur,  or 
lather  more  than  enough  for  As'S'.  On  mixinff  it  with  the  theoretical  quantity  of 
arsenious  anhydride,  and  again  distilling,  a  distiUate  was  obtained,  having  the  same 
^pearance,  and  still  containing  too  much  sulphur  for  realgar,  nearly  enough, 
in  fact,  for  orpiment;  and  even  after  this  treatment  had  be^  repeated  seveifil 
times,  the  sulphur  never  fell  below  36  per  cent.,  whereas  realgar  contains  20*01. 
A  belter  result  was  obtained  by  heating  3*96  grams  of  arsenious  oxide  and  2'34 
erams  of  finely-powdered  sulphur  for  about  seven  nours  in  a  stream  of  carbonic  anhy- 
dride; The  mass  then  slowly  changed  into  a  cinnabar-coloured  crystalline  substance, 
having  the  oomposition  As*S*,  and  dissolving  partially  in  caustic  potash  with  a  black 
residue,  which  reaction  is  characteristic  of  realgar. 

During  the  preparation,  a  little  metallic  arsenic  was  liberated,  and  it  was  found 
br  a  special  experiment,  that  an  oxide  and  a  sulphide  of  arsenic  act  on  one  another 
like  the  corresponding  lead  compounds,  that  is  to  say,  with  reduction  of  arsenic  and 
formation  of  sulphurous  oxide. 

An  opaque  amorphous  glassy  substance,  formed  on  heating  arsenious  oxide  and 
sulphide  together,  was  found  to  contain  25*43  per  cent,  sulphur  and  72*10  arsenic, 
the  proportion  of  arsenic  being  larger  than  in  the  disulphide.  This  result  confirms 
fUiusmann's  hypothesis,  that  a  sinall  admixture  of  arsenious  oxide  renders  realgar 
nncrTstallisable.  The  rub^-red  glass  obtained  as  a  product  of  the  first-mentioned 
distillations  consists  of  a  mixture  of  disulphide  and  trisulphide  of  arsenic. 

If  hydrogen  be  substituted  for  carbonic  anhydride  in  expelling  air  fh>m  the 
retort  in  which  the  distillation  is  performed,  the  sulphide  of  arsenic  is  reduced  to 
metal,  with  evolution  of  sulphuretted  hvdrogen.  The  higher  sulphide  is  not  so  easily 
reduced  as  the  disulphide.  Sodium  sulpharsenate  is  also  reduce(l  to  metallic  arsenic 
(contrary  to  Bose's  assertion)  by  heating  in  an  atmosphere  of  hydrogen. 

After  expelling  the  oxygen  from  the  arsenic  disulphide  by  heating  in  an  atmo- 
sphere of  hydrogen,  and  adding  a  qnantitv  equal  to  that  which  was  thereby  removod, 
pure  realgar  was  obtained  by  fusing  the  mixture  in  an  atmosphere  of  car])onic 
anhydride. 

Senarmont  states  that  realgar  is  formed  when  arsenic  trisulphide  is  heated  in  a 
sealed  tube  with  sodium  bicarbonate ;  H.  Rose,  on  the  other  hana,  asserts  that  arsenic 
is  volatilised,  and  sulpharsenate  remains.  Hose's  experiments  were  repeated  by 
Nilsson,  and  his  statement  confirmed. 

Barzelius  obtained  a  '  hyposulpharsenite '  as  a  bulky  brown  precipitate,  by  dissolv- 
ing arsenic  trisulphide  in  sodium  carbonate,  and  letting  the  solution  cool.  In  re- 
peating this  experiment  with  a  strong  boiling  solution  of  sodium  carbonate,  Nilson 
observed  the  precipitation  of  a  heavy  crystalline  powder,  while  sulphuretted  hydrogen 
was  evolved.  This  powder  melts,  forming  a  red  liquid,  which  assumes  a  crystalline 
form  on  cooling.  After  bein^  dried  over  sulphuric  acid,  it  loses  no  weight  at  100°. 
It  forms  a  yellow  solution  with  caustic  potash,  and  a  purple  solution  in  caustic  soda, 
which  soon  becomes  clear,  while  a  black  precipitate  £bJ1s.  The  solution  contains  an 
arsenite  and  a  sulpharsenite.  Analysis  proved  the  crystalline  powder  to  be  pure 
arsenic  disulphide. 

The  most  characteristic  test  for  realgar  is  the  precipitati*  which  settles  f^m  its 
■olution  in  alkaline  hydrates ;  this  substance  was  regarded  by  Berzelius  as  As**S,  and 
bj   Kuhn  as  arsenic  contaminate    with  arsenic  disulphide.    Kiihn    accounts  for 
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iw  furmalioa  by  cha  rea<tion  SAh'S'^BAs'S'  +  Ab',  which  requires  th»t  Ihf  libc« 
rated  arsenic  should  form  23-3S  per  coot,  of  the  renlgnr  used. 

VariauB  eiperimeiits  mn^e  by  Nilsaon  show  that  this  renction  rastlj  takse  plae*^ 
but  that  liiD  Hrsenic  nctd  an  the  BXi>eBg  of  alkslin?  bydtata  on  prolonged  toiling  No 
nraeuMted  hydrogen  is  liberat«d,  but  probsibly  hydrogen,  owing  to  the  decompnition 
of  water  bv  the  finely-divided  Brsoniu.  The  whole  of  the  oraenii;  disulphide  is  tuA 
decomposed  hj  boiling  with  caustic  alkali,  fur  the  arHania  encmstB  it,  and  prercnte  it* 
action.  This  H<!0Duiit9  foe  the  sulphur  found  b;  Beizelins,  and  satisfactorilj  disproTM 
tbe  existence  of  the  compaund  As"S. 

Benlgar  on  eipoeure  to  air  becomes  psrUally  oxidised  ;  and  the  liberated  solphiiT 
combiaeEi  with  the  msenic  lo  farm  trisulpbide.  This  was  demonstrated  b;  dissolViag 
Che  areenions  oiitte  and  sulphide,  encrustiDg  some  realgar  vhich  bod  been  exposal  t« 
air.  in  alkaitne  carbonate  ;  the  trianlphide  was  precipitated  from  the  solution  by  ad- 
dition of  hydrochioiie  add.  and  the  araenious  acid  was  recogm'ssd  ia  the  flltraM  W 
the  reaction  with  aulphurettod  hydrogen.  This  oxidation  occnra  in  nature.  Orp- 
nienC  is  probably  a  secondary  product,  formed  by  the  ailiou  of  uir  on  realgar,  oiid 
arsenions  anhydride  inrariably  aet^ampaDies  orpimeut,  ■ 

Rose  slates  that  arsenic  disalpbide  melts  in  a  current  of  chlorine,  to  a  yellowidl*  J 
brown  liquid,  which  becomes  brown  by  absorption  of  chlorine,  and  has  the  compod*  I 
lion  AsCV.SSCl.  NilssDn,  after  fractionating  the  product  obl^niid  in  this  maimer, I 
found  it  to  consist  of  a  mixture  of  sulphur  chloride  and  arsenions  tiichloridav  ■ 
Chlorine  acts  on  trisulphide  of  arsenic  less  energetically  than  on  the  disulpbide,  but 
the  products  obtained  aro  the  same. 

2.  Aritnic  TritnlpAidf.^-'Wlmi  arsenic  trisulphide  is  added  toa  concentratMl 
boiling  Bolntian  ot  Eodium  and  potnasinm  carbonate,  arsenic  disnlphidB  is  pr«cipi- 
tttted,  and  llie  remaining  noiutian  deposits  a  bnll?  brown  predpilnte  of  sodium  tri- 
HulpharBenite,NBA£'S'  +  4H>0  or  Na'S.3AB<S*+ SH'O,  which  is  d«wmposod  by 

When,  instead  of  allowing  the  solution  of  arsenic  trisulphide  in  sodium  carbonate 
to  cool,  it  is  kept  for  a  long  time  nt  TO^-SO",  a  jellowiefi-brown  crust  is  deposited, 
consistiug  of  slighU;  Impure  arsenic  trianlphide.  When  the  abore-menlioned  nolo* 
tion,  after  remoral  coT  arsenic  disulphide.  is  eraporated  till  it  BolidiSot  on  ooolint 
an  amiirphoiu  brown  mass  is  obtAioecI,  which,  on  standing,  deposits   four  di^rent 

erj'dt&llJDfl  BubstiuiHS,  viz.  (1)  Ciiiodic  ozysulphareabatA,  Xa'At<S<0>-i-THiO 
or  2Na*0.2As'S'0'  +  7H'0,  in  garnet-red  hcisgonal  crystals  (sometimes  short  prisms), 
sparingly  soluble  in  water,  more  soluble  in  alkaline  liqtuds,  and  decompoaed  1^ 
hydrochloric  acid,  laaring  a  yellow  residue;  (2)  Trisodic  snlpharsenaio, 
2Na>AsS<+lfiE^,or3Na<S.As<S*  +  IfiH'0,in  well-tbrmed  monoclinic  prisms,  eesHy 
suluble  in  water,  and  decomposed  by  hydrochloric  add,  with  separation  of  As'S'  end 
sulphur;  (3)  Sodium  bicarbonate  ia  small  white  crystals;  (4)  Disodioarso- 
nate,  Na'HAsO'  +  TH'O,  or  2Nb'O.H'O.As'0'-k  UH"0.  in  colourless  crystals  easily 
eoinble  in  wafer,  and  not  decomposed  by  hydrochloric  acid.  The  following  reactions 
account  for  the  formation  of  these  several  prodncte :  — 

fiAs'S'  +   Na'CO'   +   4H=0  =   Na'As'S'O*  +   4As'8'   +   4H'S   +   CO*.  s 

SNaAdS"   +   6H'0   =   EKaAs'S*  +   2Sb'AsO'   +   60=5.  | 

The  sodium  orsonite  is  converted  into  arsenate,  either  by  decomposition  of  wat«r  4 
or  by  tiie  oxidising  action  of  the  sir.  I 

The  products  formed  by  boiling  arsenic  trisulphide  with  potassium  catbanate  an 
similar  to  those  obtained  with  sodium  carbonate,  excepting  that,  instead  of  a  dioxr- 
eiUphirsenute,  a  trioxyaulpharsenaio  of  potassium,  K'O.As^''-'0'i-  2KH),  is  prodnoed : 
3As'S'  +   K>CO'   +   3H'0   =   K'0,As«=0'   +   BAB'S'  +   HE'S   +   CO". 

SuIphartmiilft.—'Vfhm  an  alkaline  or  earthy  hydroaulphide  is  saturated  at  ordinary 
temperatures  with  arsenic  trisulphide.  salts  ore  produced  baring  the  composition 
AsS'RorK'S.As'S';  of  these,  however,  only  the  calcium  salt,  CoS-Ah'S' +  1 OHK),  baa 
been  obtained  in  the  cryBtollino  state.  They  are  decomposed  by  water,  with  formation 
of  insoluble  odd  compounda,  such  as  Na'a.2Aa'5'-i'  SH'O.  &c  On  boiling  the  solution 
of  potassium  sulpharsenite,  K^.As'S'-f  aH'O.  a  cryBtallieed  acid  eulpharsenila, 
K'S.SAs'S' +  2H'0,  is  formed,  with  evolution  of  hydrogen  sulphide.  This,  like  tie 
other  acid  sulphorseDites,  is  decumposod  very  slowly,  or  incompletely,  by  hjdrochloria 
acid.  InaVHOunmmorebasieBaltsmay  be  formed,  such  as  2B"S.As'S"  and  3R'S.Aa'B'. 
This,  however,  is  not  the  cnee  with  tlie  sulphides  of  the  alkali -metals,  which,  when 
more  than  1  mal.  As'd'is  present  Ui  1  mol.  R*3,  yield  a  sulpharsenate  and  free  arsenic. 
^mmoHMni  ij/droaulp^e  forms,  under  all  circumstsaces.  only  one  compound,  rii., 
[SH'J'S.Ab'S*  +  4H''0.  From  a  solution  of  caldt^m  tulpAarscnite,  sCaS.As'S',  a  baaie 
-i/f.  7(7«.S..46B'*23H'0,  or  Ca*Aa'a'.4Caa  +  2&H'0,nift3'baD\iVa\nB4\BftM  ws«wia. 
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whanat  the  tolotioiiB  of  corresponding  barium  imd  straniium  nUpkarsinites  deposit 
czTitak  of  the  salts  WAt^  +  16HK)  or  2B''S.As%>  4-  16HH). 

S.  Arsenie  Pentasulphide,  Aa^, — The  precipitate  formed  by  hydroohloric 
add  in  a  solution  of  a  solj^arsenate  at  ordinary  temperatures  consists  of  the  hydro  • 
•ulohide,  AsS^H*  or  8^8JU%*,  which  does  not  give  up  the  whole  of  ita  hydrogen 
aolpliide  till  after  prolonged  boiling  with  excess  of  hydroohloric  acid.  The  penta- 
aolphide  thus  ibrmed  contains  water,  and  when  dried  over  sulphuric  acid  has  the 
eompoaition  AnK^+BH).  When  dried  in  the  air  it  undergoes  partial  oxidation,  with 
Ibnaation  of  arsenious  oxide  and  separation  of  sulphur.  In  consequence  of  this 
gsaction,  aaenio  pentasolphide  precipitated  in  the  cold  and  air-dried  always  contains 
liraa  lulpfaiir ;  and  herein  may  be  found  an  explanation  of  the  observation  made  by 
IBVkskign  (Isl  SuppL  226),  that  ammonium  thiosulphate  is  formed  on  treating  the 
pentasulphide  witn  ammonia ;  also  of  the  fkct»  observed  by  Berzelius,  that  when  the 
pentasulphide  ia  dissolved  in  alkaline  hydrosulphides,  a  small  quantity  of  sulphur 
remaina  undissolved.  The  tendency  of  tlie  pentasulphide  to  split  up  into  trisulpnide 
and  free  sulphur  is  seen  in  it«  behaviour  towards  silver  solution,  the  product  thereby 
fionned  being  arsenious  add  unmixed  with  arsenie  add.  The  separation  of  sulphur 
which  takes  jdace  when  the  pentasulphide  is  dissolved  in  potasdum  arsenate  likewise 
indicates  the  oomparativdy  loose  attachment  of  two-fiftha  of  the  sulphur  contained 
in  It. 

When  hydrosulphides  are  saturated  with  arsenic  pentasulphide,  the  formation  of 
the  Donrmal  salta  AsS^B'  or  SR'S.Aa^  appears  to  be  the  exception,  the  more  ordinary 
pEoducta  bdng  salta  of  the  forms  6B'S.2As%*  and  6B^8Ab^,  or  else  the  double 
aalts,  SB« Aa«S*  -t  2B«. Aa*S'  +  8HH). 

The  following  sulphur-salta  of  arsenic  have  been  examined  by  Nilsson : — 


KW.Aa«'  +  6H«0  . 
8B?8.2As^+8BPO 
K^.8Aa*8*-f2HH> 
8K*SJla>8»-(-2HH) 
K«0JU««0«  +  2H«0 
Na«SjU^+HK)   . 
Na<S.2Aa9+6H*0 
Na«.8Aa9-h8HK) 
SKa%.Aa^+15HK) 
8Na«Aa^+18HK) 
NaK).2A8«PO«  +  7H«0    . 
(NH«)«S.8Aa^  +  4HK)  . 
6(NH*)«.8As«»     . 
SaS.oAan?     .        •        • 
BaSjlLa*S*  +  2HK)  . 
BaaA49+«H*0  . 
2BbSjU««  +  6H«0 
2BaS.Aa^-f6H*0 
2BaaAs<S*-fl6HK) 

6BaS.2A««S»+6H»0(?). 

8BiiSJU9+14H*0 

SBsSjU^  -I-  2BaS.  As>S' + 8HK) 

2(Si6JLa^)+6HK) 

2SraA8^-t*16H*0 

8Sr&  As^  -f  2SrS.  As^  -f  8HK> 

CbS.Aa^  +  10H«O(?)    . 

C!bS.4Aa«*+10HK) 

Gb&OAs'S'-t-lOHK) 

70a8.As«S*-f2dHK) 

K:^.2Aa«*-f]2HK) 
8(>a2As«»'f20HK) 

2MgaAa>9-f8HK> 
8Mg8jU^  +  9HK) 
aiga2Aa«*+80HK)    . 


Amorphous  bright-red  salt. 

Blood-red  amorphous  mass. 

Bed-brown,  microeoopic  crystals. 

Lonff,  four-dded,  dehqnescent  prisms. 

Snudl  colourless  pointM  crystats. 

Ding^-brown,  amorphous  salt. 

Bed-brown,  amorphous. 

Amorphous  kermes-like  body. 

Large  yellow  monodinic  prisms. 

Smidl,  short,  opaque  rhombic  octohedrons 

Fine  gamet-rea  crystals. 

Bed  crystalline  salt. 

Tellow,  amorphoua,  shining  maas. 

Brown  shining  mass. 

Green  mass. 

G^revish-green. 

Indigo-blue. 

Large  monodinic  prisms,  with  diamond 
lustre. 

Needle-shaped  microscopic  crystals. 

Yellowish,  flat,  pointed  prisms. 

Yellowish  prisms,  with  diamond  lustre. 

Amorphous,  orange-yellow  mass. 

lArge  monodinic  cnrstals. 

Yellow  radio-crystalline  mass. 

Long  dender  prisma  with  silky  lustre. 

Brown,  amorphous. 

The  same. 

Lonff,  flexible,  white,  nacreous,  four- 
aided  prisms. 

Badio-crystalUne,  eadly  soluble  mass. 

Yellowish  rhombohedrons. 

Brown  mass. 

Yellow  crystalline,  slightly  soluble  salt. 

Pure  yellow  crystalline  salt. 


.  Yellow  crystalline  salt. 

Diharie  Suipharaemte,  2Ba8.AB%'  +  dHK),  separates  from  its  solution,  on  evapora- 
tion in  a  vacuum,  as  a  sreyish-green  predpitate,  which,  if  left  for  some  time  in  the 
mother-liquor,  turns  indigo-blue  without  change  of  compodtion,  and  retains  this 
CQlooT'evan  after  wadiin^  with  water. 
9ni  Slip,  E 
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COSIBBmnni.    This  minenl  oocun  in  a  bed  of  mangaiiMa  on  at 

Roman&che  Macon  (Seine  et  Loire),  and  is  generally  mixed  iritli  paxtides  of  irax.    A 

remarkably  pnre  specimen,  in  flbrons  ciTstalB,  of  sp.  gr.  8*86  ana  hardneai  1*6,  §Kf% 

after  separation  oif  a  few  partides  of  Uadc  manganese,  the  following  aaalytieil 

resnlts : — 

A8\)».  Few.  CW).  M«0.         PO.  IPO. 


& 


39-90        36-88        16-67         —  —  8*70  -   100 

89-88        86-67        1698        0-18        0-47        7*87  »   100. 


The  water  in  these  analyses  was  estimated  by  diflference :  a  direct  detennioatimi 
gare  8*21  per  cent.  The  resnlts  agree  approximately  with  the  fbmnda 
6CaO^ 

H*0  ^8As*0»i-8(Fe*0*.2HK)).    The  latter  member,  which  is  known  as  a  distinct 
FeWj 

species  named  Xanth(mderite,  exhibits  a  marked  resemblance  to  arseniosiderite  in  its 
physiod  characters  (Ohnrdi,  Chem,  8oe,  Jour,  [2],  xi.  102). 

U    See  Psaim.  CoMVouiriM. 
AsH*.    Seep.  124. 


A8PASAOnra»  0^<NK)*.  Supposed  Trantformatum  of  the  A»paragm»  of 
Legumnoem  into  an  AVmrnmoid, — ^The  researches  of  Piria  and  Psstenr,  tiiongh  con- 
tradictory in  some  respects,  nevertheless  agree,  together  with  those  of  other  anthofs^ 
in  showing  that  asparagine  is  always  formed  during  the  germination  of  legnminoiia 
plants,  whether  in  light  or  in  darkness,  and  that  as  the  yegetation  advanoes,  tins 
substance  is  transformed  into  an  albuminoid  if  the  plant  grows  in  tJie  dark,  uid  r^ 
mains  unaltered  if  it  grows  in  the  light  (2ik2  Sumpl,  108).  These  statements  raspect- 
ing  the  alteration  of  the  asparagine,  appear,  noweyer,  to  rest  on  a  twj  rienuto 
experimental  basis,  and  according  to  Menadante  they  are  altogether  incorrect  "Evm 
experiments  on  the  yellow  lupine  {Lupinue  luteus)  and  the  kidney-bean  (Pjgiaofat 
tmlgaria),  he  finds  that  the  asparagine  formed  during  the  germination  of  the  plant  Is, 
during  the  subsequent  growth,  whether  in  the  dark  or  in  the  light,  inyariaUy  more 
or  less  transformed  into  aspartic  and  succinic  adds  and  amThonia,  without  a  trace  of 
albuminous  substance.  The  transformation  is  accelerated  by  exposure  to  light,  the 
products  of  the  decomposition  concurring  with  the  plastic  substance  of  the  protoplasm 
to  nourish  the  plant 

To  separate  the  asparagine,  aspartic  acid,  and  sucdnic  add,  the  juice  of  tha  plant 
was  boiled  to  separate  albuminous  matter ;  the  filtered  solution  eraporated  till  it  no 
loD^r  deposited  any  crystalline  substance  on  cooling ;  the  solution  saturated  with 
sodium  carbonate,  then  mixed  with  barium  acetate  and  alcohol,  which  predpitated 
the  succinic  acid  as  barium  salt;  the  alcohol  eyaporated ;  and  the  solution,  some- 
what diluted,  was  mixed  with  cupric  acetate,  which  gave  a  prsdpitata  of  oopper- 
asparagine.  The  liquid  filtered  from  this  precipitate  was  treated  with  hydrogen 
sulphide  to  precipitate  the  copper,  then  eyaporated,  and  the  reddue  was  treated  with 
sulphuric  acid  to  oonyert  the  baryta  into  sriJphate,  and  finally  with  ethar,  which  on 
eyaporation  left  a  residue  of  aspartic  acid  (Mercadante,  b^azs,  chim,  itak  1875, 
187). 

Sachsse  a.  Earmann  haye  determined  by  Sachsse*8  method  {2nd  Suppl,  110)  the 
percentage  of  asparagine  in  germinating  peas  during  growth  of  yarious  auration,  both 
m  the  light  and  in  the  dark.    The  results  are  as  follows : — 


In  light. 

iBdaxkn 

Six  days 

— 

0-4i| 

w          »»                  .              •              . 

0-69 

0-66 

Ten  „          ... 

1-81 

0-98 

Fifteen  days. 

2-60 

2-68 

Twenty-four  days . 

6-94 

7-04 

Hence  it  appears  that  the  absolute  quantity  of  asparagine  formed  is  the  same  in  light 
and  in  darkness ;  but  the  wdght  of  dry  substance  formed  is  greater  in  the  lights  and 
consequently  there  is  a  higher  percentage  of  asparagine  in  the  etiolated  glands. 
Asparagine  is  decomposed  by  nitrous  acid,  according  to  the  equation : 

C*H»NH)«  +  NO«H  =  C*H«0»  +  NH»  +  N«, 

the  ammonia  combining  with  the  malic  acid  thus  produced.  The  wateiy  eodzact  of 
peas,  boiled  and  filtered  to  separate  albumin  and  then  treated  with  nitrous  add,  yielded 
a  quantity  of  nitrogen  which  showed  that  about  one-third  of  tiie  soluble  mtroceii 
was  in  a  form  which  giyes  the  characteristic  reactions  of  amides  and  amido-aoda. 
As  Asparagine  does  not  occur  in  ungerminated  peas,  the  soluble  body  is,  pezhape. 
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wpartie  or  glntaaw  addi  or  more  probsblj  the  ambstanee  analogoxu  to  asparagine 
found  hj  BittliaiiMii  in  Tetehas. 

The  aahatanoe  jnst  mentioned  was  first  obtained  bj  Ritthansen  {J.  pr.  Chem,  [2], 
B.  3S6)  from  the  seeds  of  yetohes  grown  in  Greece ;  and  he  has  since  obtained  25 
grams  of  it  ttom  i5  kilograms  of  seeds  of  black  vetches  grown  near  the  Rhine.  It 
rarms  ftathezy  crystals  haying  the  composition  CH>'N*0*,  and  is  converted  by  nitric 
aeid  (sp.  gr.  1*2)  into  a  bnlkj  gelatinous  mass,  veiy  slightly  soluble  in  water.  On 
heating  it,  a  small  quantity  of  colourless  gas  is  evolvwi,  and  a  yellow  solution  is 
finmad  which,  on  evaporation  over  a  water-bath,  leaves  an  amorphous  residue,  violet- 
coloured  at  the  edges.  With  ftaming  nitric  add,  it  evolves  a  laige  quantity  of  colour- 
less and  scentless  gases,  but  the  residue  does  not  appear  to  contain  malic  add  {J.  pr, 
Ckmn.  [2],  vii.  874). 

Aetion  of  Ur9a  on  Arpairagino, — When  a  mixture  of  equal  parts  of  urea  and 
aspazBgine  is  heated  to  180^-140^  for  half  an  hour,  a  transparent  fused  mass  is 
obtain^  which  dissolves  in  a  small  quantity  of  hot  water,  the  solution,  when  left  at  rest 
fbr  twenty-four  hours,  depomting  a  cz^stallme  powder  puriflable  by  reoTstallisation.  On 
heating  the  mother-liquon  from  which  these  crystals  have  separated  to  100^  for  two 
or  three  hours,  ammonia  is  given  off,  and  the  solution  deposits  another  substance  in 
transparsDt  crystals  (Ghuareschi,  Q<U0,  ohim,  Hal.  v.  246). 

On  tie  it^umee  iff  Agparagino  oontained  in  the  Sugar-liquor  from  Beete  and  Canee 
en  tJke  Baeekarimeirie  JmerminaHom,  see  Svoab. 

ASFAmTZO  AOZB,  0^H^0«.  This  add  is  formed,  together  with  uncrystal- 
lisable  products,  probably  also  consisting  of  amido-adds,  by  oxidising  oon^lutin  with 
potawium  permanganate  ^B.  Pott,  J,  pr,  Chem.  [2],  vi.  91) ;  also  together  with  leudne, 
trzoeine,  and  a  syrupy  acid,  by  digesting  blood-fibrin  for  some  hours  at  40^-60^,  with 
the  pancreas  of  the  ox  (Baddejewski  and  Salkowski,  Deut.  Chem,  Gee,  Ber,  vii.  1050). 

ASVmATOB.  A  new  form  of  aspirator,  founded  on  the  principle  of  the  diverg- 
ing jet,  is  described  by  H.  Lasne  {BuU,  Soo,  Chim,  [2],  xix.  291 ;  Chem.  8oe,  Jour. 
m. «.  887). 

ATAGAMITH.  Crystalline  firm. — Orystals  of  this  mineral  from  South 
Australia  have  been  examined  bv  v.  Zepharovich  {Jahrbuch  f.  Min,  1874,  88).  Of 
the  twenl^-three  forms  previously  observed  in  atacamite,  these  crystals  exhibit 
eighteen,  lliey  are  always  prismatically  elongated  in  the  direction  of  the  vertical 
BJOM  and  implanted  by  one  end  of  it  At  the  free  ends  ]^  oo  is  always  present,  and 
gencffally  preidominant ;  OP  occurs  frequently,  P  more  rarely ;  oo  P  is  usiudly  marked 
with  long  vertical  striations»  or  curved.    Mean  sp.  gr.  -i  8*76. 

Zepharovich  alsosives  a  few  observations  oo  atacamite  crystals  from  other  local- 
itiss,  viz.  (1)  From  Cornwall :  so-called  botallackite.  The  crystals  have  a  twofold 
babit^  hmig  sometimes  tabular  and  mostly  terminated  above  by  f  op,  laterally  by 
«o P,  00 jP2  and  «or»;  or  they  are  needles  of  the  ordinary  combination.  (2)  From 
AlgodoD  Bay,  Bolivia.  Very  thin,  loose,  somewhat  curved  lamellie  terminated  laterally 
by  cleavage  faces  in  the  direction  of  P  as. 

From  a  new  calculation  of  the  dihedral  angles  of  atacamite,  v.  Zepharovich  deduces 
the  axial  ratio^ 

ICsoKOdiagOBiL  BnohjdiAgonsL  Piindpel  azi«. 

1-6214  1  1*14086. 


— Bammelsberg  {Mineralehemie,  191)  gives  three  varieties  of  atacam- 
ite, oonnsting  of  Cua'.SCuO,  with  8,  4|  and  6  mols.  B*0  respectively.  A  well- 
ciyetallised  and  apparentlv  unaltered  sped  men  from  Australia,  of  a  rich  green  cobur 
and  sp.  gr.  4*814,  analysed  by  J.  A.  Oaoell  (Chem,  Ifewe,  xxviii.  271)  gave  the  follow- 
ing nusibers: — 

CdO.  Go.  GL  BS>, 

56*64  14-67  16-44  12*02   »   97*77 

wfaieh  agree  accurately  with  the  formuU  CuCl*.3Cu0.8H*0,  or  CuGl*.  3CuHK)^  or 

On*]  f  QQva ;  also  with  the  compodtion  of  a  specimen  of  atacamite  from  Chile,  analysed 

some  years  ago  by  J.  W.  Kallet,  viz. — 

OdO.  Cn.  Ca.  HK).  810". 

55*94  14-54  16*88  12  96  008   »  99*85. 

The  compodtion  of  normal  atacamite  appears,  therefore,  to  be  represented  by  the 
formula  just  given. 


[OSrassa.    Sources  of  Atmoepherio  Ammonia. — ^From  the  known  fact 
that  the  quantity  of  combined  nitrogen  supplied  to  the  soil  by  rain  and  snow  \«  \«ia 
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than  that  which  is  remored  hj  harvests  and  hj  dzaina^  Sehloenng  {Comfi.  nmd, 
Izzz.  176)  infers  that  some  natnzal  source  of  atmospheno  ammonia  most  exist,  ioda- 
pendent  of  atmospheric  electridtj ;  and  this  he  thinks  may  be  found  in  the  oeaan, 
where  the  submarine  organisms,  growing  at  the  expense  of  the  enormons  qnaatity  of 
nitrates  carried  into  the  sea  by  rivers,  yield  np,  when  decaying  in  the  absence  of  air, 
the  whole  of  tJ^eir  nitrogen  in  the  form  of  ammonia,  which  is  directly  absorbed  firaa 
the  air  by  plants  and  by  the  soil,  without  the  interference  of  moisture.  He  calcnlates 
that  from  this  source,  a  quantity  of  ammonia  may  be  supplied  to  the  soil,  snfflrisnt 
to  repair  the  losses  above  mentioned.  It  must  not  he  forgotten,  however,  that 
wherever  nitrogen  is  removed  from  the  soil  by  harvests  or  by  drainage,  it  is  found 
necessary  to  supply  ammonia  in  the  form  of  mannre. 

Quantttisa  of  Ammonia  in  the  Air  at  different  Heighte, — P.  Truchot  {Oompt,  rtmd, 
Izxvii.  1160)  has  determined  the  qnantities  of  ammonia  in  the  air  of  Anveocgne  at 
three  different  heights,  viz.  at  Clermont-Ferrand,  896  meters  above  the  sea-level ;  on 
the  Puy-de-D6me  at  1446  meters,  and  on  the  summit  of  the  Pic  de  Sancy  at  1884 
meters.    Two  to  6  cubic  meters  of  air  were  used  for  each  determination. 

At  Clermont-Ferraiid  the  results  varied  from  0*93  to  2*79  milligrams  per  cobie 
meter,  the  highest  results  being  obtained  on  misty  days,  and  the  lowest  on  clear  days. 

The  sinffle  determinations  made  on  the  Puy-ae-D6me  on  a  bright  day  gave  8'18 
m.g.,  and  the  results  obtained  at  the  higher  elevation  were  6*66  mg.  on  a  day  i^en 
the  summit  was  covered  with  mist,  and  6*27  mg.  on  a  subsequent  fine  day.  The 
general  results  appear  therefore  to  be  that  the  quantity  increases  with  the  efevation, 
and  is  greater  in  doudy  than  in  clear  air. 

On  the  Exchange  of  Ammonia  between  Air,  Water,  and  Soil,  see  Schloesing 
{C<mfL  rend.  Ixxxi.  81,  1262 ;  Ixxxii.  747,  846,  969 ;  Chem,  8oo.  Jour.  1876,  i  96, 
618;  ii.  44,  172). 

Amount  of  Carbon  Dioxide  in  the  Air, — ^The  determinations  made  by  P. 
Schulze  at  Bostock  (2nd  Siq^pl.  113)  gave  results  lower  than  the  average  of  those  of 
other  observers,  perhaps  on  account  of  the  vicinity  of  Bostock  to  the  sea.  Siodlar 
results  have,  however,  been  obtained  by  Hennebeig  {Landw.  Vereuche-St.  zvi  70)  at 
Weend,  near  Gottingen.  Seventeen  determinations  on  a  large  scale  gave  a  mean  of 
3'2  vol.  CO'  per  10,000  of  air  at  0^  and  under  a  pressure  of  760  mm. 

^n  average  of  847  determinations  made  durmg  a  year  at  Duhme  gave  8*84  vols. 
CO*  in  10,000  volumes  of  air  (Fittbogen  a.  Hasselbarth,  Chem.  Centr.  1874,  694). 

Observations  made  by  P.  Truchot  (Cornpt,  rend.  Ixxvii.  675)  in  Anvergne  gave 
for  the  most  part  higher  results.  The  amount  of  carbon  dioxide  was  determined  by 
passing  10  litres  of  air  through  a  solution  of  barium  hydrate  of  known  strength  con- 
tained in  four  Woulfe*s  bottles,  and  by  subsequent  titration.  The  observations  were 
made  at  Clermont-Ferrand  during  the  months  of  July  and  August,  both  on  an  elsvated 
terrace  and  in  the  country : — 


( jLiunng  tne  nignt 
'Bemote        from  r  Day     . 
v^etation       (Night  . 


In  the 
country 


Near    vegetation 


Night . 


In  the  sun 


the  shade 


Ourbon  dioxide 
per  litre. 
mgx. 
0-701 
0-801 
0*624 
0-763 
0-703 
0*826 
1-290 


Vol  in 
10/N»air. 

8-53 
4*08 
8-14 
8-78 
3-54 
4-15 
6*49 


These  figures  show  that  the  amount  of  carbon  dioxide  is  larger  during  the  nig^ 
than  in  the  daytime,  and  that  the  amount  does  not  vary  materiaUy  in  the  neig^bovx^ 
hood  of  a  town.    The  snn  influences  the  quantity  of  carbon  dioxide  near  yegetadoiL 

From  observations  made  at  different  elevations  it  wss  found  that  the  quantity  of 
carbon  dioxide  diminishes  considerably  as  the  altitude  increases. 


CO* 

VoLin 

Date 

Place  of 
Obserrfttion 

Height 

Tempe- 
ntture 

Fremire 

porUtie 

atO» 
and  760 

1«MKX» 

alreft<P 

aadTfO 

m. 

o 

mm. 

26th,  28th,) 

80th  Ang.,  > 

Clermont-Ferrand 

396 

62 

726 

0-623 

318 

1878       .  ) 

87th  Ang. 

Top  of  Puy-de-D6mo . 

1446 

21 

638 

0*406 

208 

99th  An^.  . 

Peak  of  Sancy   . 

1884 

6 

678 

0*342 

1-72 
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Thaw  nralU  may  be  eznlAiiied  when  it  is  oonsidezed  that  the  carbon  dioxide  ia 
evolTed  from  the  mixnoe  of  tne  earth,  and  that  its  sp.  gr.  ia  greater  than  that  of  air. 

Carbon  Dioxide  in  tke  Air  qf  the  Soil, — The  amonnt  of  this  gas  in  the  air  of  the 
BOH  of  Munich,  at  different  depths  and  at  different  times,  has  been  determined  by  M. 
T.  Psttenkofer  (K  Sep.  PJkarm,  xzi.  677).  The  soil  ft?om  which  the  air  was  taken 
was  a  ealeareons  drift  soil,  containing  sand  and  apparently  free  from  oiganic  matter. 
Tha  air  was  extracted  from  it  by  means  of  fire  lead  tubes,  1  centimeter  in  diameter, 
insarted  to  the  depth  of  respectiyely  4,  8,  2^,  1^,  and  j(  meters,  the  other  end  of  each 
tube  being  connected  with  an  aspirator.  For  each  estimation  of  carbon  dioxide,  14  to 
18  litres  of  air  was  aspirated  in  abont  three  honrs.  The  experiments,  which  extended 
from  Septnnber,  1870,  to  October,  1871t  showed  that  the  proportion  of  carbon  dioxide 
in  tke  air  of  the  soil  decreased  with  tolerable  regolarity  from  the  lowest  layer  of 
the  soil  upwards,  and  that  only  the  air  in  the  upper  layer  was  at  all  qnickl^  inflaenced 
bj  the  diffluent  rates  of  diAision  and  rentilataon,  brought  on  by  changes  m  tempera- 
ture and  increase  of  wind.  During  the  greater  part  of  the  time,  air  was  taken 
aimultaiieonsly  from  the  depths  of  4  and  1^  meters,  ten  or  twelve  experiments  being 
made  eadi  month.  Hie  means  of  the  quantity  of  carbon 'dioxide  contained  in  1000 
parts  of  the  air,  by  Tolume,  in  these  comparable  experiments,  are  given  in  the  follow* 
ing  table: — 


1871. 

OO-lnair 
from  depth 
otAmeUn 

GO*  In  sir 
of  1}  meters 

1871. 

00*  Id  air 
from  d^>th 
of  4meten 

00*  in  air 

from  depth 

of  Umetera 

Jaanaiy . 
Febroazy 
Maich    . 

^  : 

8-461 
4176 
4-106 
4-497 
6-777 

2-608 
2-428 
2-786 
2-432 
6-402 

June. 
July.        . 
August 
September. 
October     . 

6-366 

8-072 

16138 

14016 

6-462 

7-702 
8-806 
10-887 
9-937 
4-186 

Only  in  the  months  of  June  and  July  did  the  air  from  the  upper  layer  of  the  soil 
eootain  mora  carbon  dioxide  than  that  from  the  under  layer.  The  maximum  and 
minimum  quantities  in  each  layer  occurred  at  about  the  same  time. 

The  la^pest  proportion  of  carbon  dioxide  corresponds  with  the  greatest  warmth  in 
ihmvmpett  layer  of  the  soiL 

djraitostatic  water  was  found  at  a  depth  of  nearly  6  meters  from  the  surikoe  of  the 
■oil,  iod  contained  an  almost  constant  quantity  of  0-122  fframs  of  free  carbon  dioxide 
per  litre.  In  an  experiment,  made  to  nnd  how  much  carbonic  acid  this  bottom  water 
eoold  yield  up  to  air  lyiuff  immediately  over  it,  1034  litres  of  the  water  were  allowed 
to  drop  through  9  litree  of  air  contained  in  a  flask,  in  the  course  of  twenty-two  hours ; 
at  the  end  of  the  experiment  the  air  was  found  to  contain  4*41  parts  per  1000  of  carbon 
dioxide ;  the  air  obtained  firom  the  soil  at  a  depth  of  4  meters,  on  tne  same  day,  con- 
taining 6*62  parts  of  carbon  dioxide  per  1 000.  In  a  similar  experiment,  but  with 
4800  litres  of  water  passing  through  7  litres  of  air,  the  air  from  the  flask  contained 
4'64  parts,  whilst  air  from  Uie  soil  contained  7*03  parts  of  carbon  dioxide  per  litre. 
These  experiments,  and  other  considerations,  tend  to  show  that  die  carbon  cuoxide  in 
tha  air  of  the  soil  could  not  be  derived  from  the  bottom  water,  but  that  both  the  air 
and  the  water  of  the  soil  must  obtain  their  carbon  dioxide  directly  from  the  soil ;  they 
also  siggest  that  the  chief  source  of  the  carbon  dioxide  in  this  soil  may  be  found  in 
some  ofUie  lowest  forms  of  animal  life. 

Ejfdrosfen  Peroxide  in  the  Air,—K  Schone  (Dent.  Chem.  Oee.  Ber.  vii.  1693)  has 
pablished  a  series  of  observations  made  in  the  latter  half  of  the  year  1874,  on  the 
presence  and  amount  of  this  compound  in  the  water  precipitated  from  the  atmosphere 
m  every  form  (rain,  hail,  snow,  dew,  hoar-frost,  &e.),  and  in  artificial  dew  and  fh)st 
obtained  by  exposing  a  vessel  containing  ice  or  a  freeiing  mixture.  The  observations 
ware  earned  on  at  the  Agricultural  Academy  of  Petrowskcge  Basnmowskoje,  near 
Voseow,  and  180  meters  above  the  sea-leveL 
The  reagents  employed  were — 

1.  Potassium  iodide,  starch,  and  ferrous  sulphate,  which  is  capable  of  detecting 
0*04  mg,  per  litre  with  difficulty ;  0*05  mg.  with  certainty. 

8.  Qiiaiacom  and  malt  extract,  the  limit  of  delicacy  being  0*06  mg. 
S.  Ferric  chloride  and  potassium  ferric^anide,  which  will  detect  0*02  mg.  per  litre, 
Wt  ii  not  so  characteristic  as  1  and  2,  since  ammonium  nitrate  produces  Uie  same 
metion  as  peroxide  of  hydrogen.    It  is,  howerer,  decisive  as  to  the  absence  ot  oioiie. 
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4.  Alkaline  solation  of  lead  oxide,  lead  acetate,  potaasaum  iodide,  atazoh  and  aoade 
acid  ^Strnve).  This  reagent  doen  not  distingmi^  the  peroxide  from  oaone.  The 
quantitative  method  ma  a  colorimetric  one,  depending  on  the  slow  separation  of  iodine 
from  potassium  iodide  in  nentr&l  solution. 

Bain  and  Had. — The  quantity  of  peroxide  yaried  generally  between  0*04  mg.  and 
1  mg.  per  litre.  In  two  cases,  however,  more  than  1  mg..wai  observed.  Ab  a  rule 
the  smaller  the  drops  of  rain  the  less  was  the  quantity  of  ^roxide  oontained  in  them. 
After  long  dr^  weather  the  first  rain  that  &lls  oontams  less  peroxide  than  that  aob- 
sequently  foiling,  probably  on  aooount  of  the  oiganic  matters  in  the  air,  but  during 
continuous  rain  the  quantity  g^erally  diminishes  considerably.  In  showers  faUiog 
on  the  same  day,  at  only  short  intervals,  the  proportion  was  often  very  different^ 
The  direction  of  the  wind  has  an  undoubted  influence.  The  highest  average  was 
obtained  with  south  and  south-west  winds.  The  amount  also  vanes  very  considerably 
with  the  time  of  year.  During  the  time  occupied  in  the  observations  the  quantity 
increased  till  the  time  of  the  autumnal  equinox,  and  then  diminished.  The  proportion 
in  storm-rain  appears  to  be  on  an  average  rather  hi^er  than  in  ordinary  rain,  but  in 
indiyidual  cases  the  latter  frequently  exceeded  the  maximum  in  the  former.  The 
entire  amount  which  fell  on  1  square  meter  in  four  months  was  62*9  mg.  (in  221  litres 
of  water). 

Of  twenty-nine  samples  of  gTuno  collected  in  November,  twelve  yielded  indications 
of  peroxide,  with  reagent  8  only.  Of  the  remainder,  none  contained  more  than 
0*05  mg.  per  litre  (after  melting).  A  dilute  solution  of  the  peroxide  may  be  repeatedly 
frossen  ana  thawed  without  loss. 

Of  all  the  samples  of  natural  dew  and  hoar-frost,  none  contained  suflldent  per- 
oxide to  be  detected  by  reagents  1  and  2. 

The  artificial  dew  and  frost  prepared  during  the  night  also  yielded  no  indications, 
or  at  least  only  traces  during  t£e  early  part  of  the  night ;  but  it  was  present  in  that 
condensed  after  sunrise,  and  the  quantity  increased  with  the  altitude  of  the  sun  to  a 
daily  maximum,  which  in  July  appeared  to  lie  between  12  and  4  F.X.,  but  became  later 
as  the  days  shortened,  the  quantity  at  the  same  time  diminishing.  Thus  in  July  it 
was  0*4  mg. ;  in  August,  0*85;  m  September,  0*15;  and  in  O^ber,  0*09  mg.  per 
litre.  Besides  sunli^t,  which  appears  to  be  essential  to  its  presence,  the  following 
meteorological  conditions  seem  to  mvour  a  large  proportion : — 

1.  A  high  temperature. 

2.  Absence  of  clouds. 

3.  "High,  absolute  and  low  relative  moisture  of  the  air. 

After  a  &11  of  rain  the  amount  in  the  artificial  dew  Tor  frost,  between  which  there 
was  no  great  difference)  was  ^  (or  less)  of  the  quantity  obtained  in  fine  weatlier. 
This  seems  to  indicate  tliat  the  peroxide  actually  exists  in  the  atmosphere  in  the  fiairm 
of  vapour,  and  is  washed  out  by  the  foiling  rain,  and  that  it  was  not  formed  either  at 
the  moment  of  condensation  or  subsequendy.  This  was  corroborated  by  confining  a 
condensation  apparatus  under  a  bell  glass  together  with  a  vessel  of  water.  The  dew 
condensed  under  these  drcumstances  contained  no  peroxide. 

From  the  preceding  data  it  is  calculated  that  (assuming  the  whole  of  the  peroxide 

to  be  precipitated  together  with  the  condensed  wa^)  the  highest  proportion  obtained 
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(0*4  mg.  per  litre)  corresponds  with  -~  grm.  H'O',  or  — ^  c.c  of  its  vapour  per  litre 

of  air. 

Atmoa^liaiio  Sast.  G.  Tissandier  (Oompt,  rend.  Ixxviii.  821)  has  determined 
the  amount  of  suspended  matter  in  the  air,  by  slowly  drawing  air  by  mettns  of  an 
aspirator  through  <n8tilled  water  contained  in  I^ebig's  bulbs,  and  afterwards  evapor- 
ating the  water  to  dnmess.  In  this  wa^r  6  mgrms.  of  dust  was  obtained  from  one  cubic 
meter  of  the  air  of  Paris,  taken  at  a  h^^ht  of  three  meters  from  the  ground,  in  three 
days  after  an  abundant  rain  on  the  previous  night.  After  continued  dry  weather  in 
the  summer,  as  much  as  23  mgrms.  were  obtained  from  a  cubic  meter,  but  the  ordinary 
amount  was  from  6  to  8  mgrms.  From  1*5  to  3*6  mgrms.  of  dust  was  deposited,  in 
difierent  experiments,  on  a  sheet  of  paper  a  6Q]^are  meter  in  area,  exposed  on  a  calm 
nighty  at  a  height  of  f^m  10  to  16  meters.  The  dust  contained  from  26  to  84  per 
cent  of  organic  matter,  burning  brilliantly ;  its  composition  may  be  fairly  vepreaented 
by  the  following  analysis  of  dust  taken  from  one  of  the  towers  of  Notre  Bame,  into 
which  no  one  had  entered  for  several  years :— 
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Oiganie  matter   rich  in  eurbon 32-266 

/Soluble  in  water.    Chlorides  and  sulphates  of 
alkalis  and  alkaline  earths  and  nitrate  of 

ammonia 9*220 

'Fe«0«        ....  6120 

CJaOO*       ....  16-WO 

MgOO*  and  traces  of  phos-  >  2*121 

phates,  alnmina»  &c.       . ' 

^Insoluble  in  hydrochloric  acid        .        .        .  34*834 


Mineral  nmtterH 


Soluble  in  HGl 
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Iron,  probablj  of  extra-terrestrial  origin,  was  present  in  all  the  samples  examined. 
ATMKtO  mnkVMMm    See  Sfbcifio  VoLUiat. 


ATOm.  On  the  Absolute  Weight  of  Atoms,  see  Annaheim  {Deut.  Chem,  Gea. 
Ber.  ix.  llfil ;  Ck$m,  Soe.  Jow.  1877,  i.  31). 

On  the  Atomic  OonstitQiion  of  Bodies :  Berthebt  (Compt.  rend,  Izxxii.  1226) ;  De 
Sunt-Venant  (M;.  1223);  Ckem,  8oe,  Jour.  1876,  ii.  471,  472. 

On  the  Transposition  of  Atoms :  Meyer  a.  Forster  {Deut,  Ckem,  Oe$,  Ber.  ix.  629). 
See  also  Pboptl  Nitbitis  in  this  Tolume. 


n»  Preparaiion/rom  Belladonna  leaves, — The  leaves  are  exhausted 
with  boiling  water  containing  10  grams  tartaric  acid  per  kilo,  of  the  leaves ;  the 
filtered  liquid  is  evaporated  to  diryness;  and  the  residue  repeatedly  treated  with 
strong  alcohol  at  60^.  The  alcoholic  liquid  is  then  distilled,  and  the  residue  shaken 
with  ether,  whereby  gum  and  chlorepnyU  are  removed,  while  atropine  tartrate  re- 
mains  insoluble.  (Jaustic  potash  solution  is  then  added  to  the  residue,  which  is  again 
shaken  with  ether;  the  ethereal  solution  is  evaporated;  the  residue  dissolved  in 
water  acidulated  with  sulphuric  acid ;  sodium  bicarbonate  is  added ;  and  the  liquid 
affain  shaken  with  ether.  On  evaporating  off  the  ether,  pure  atropine  crystallises  out 
(Lefort,  Ckem,  Centr,  1873,  797). 

Detmstion, — According  to  H.  Brunner  {DeiU,  Chem.  Gee.  Ber,  vi.  96),  the  most 
characteristic  tests  of  atropine  are  the  dilatation  of  the  pupil  which  it  produces,  and 
the  aromatic  smell  which  is  emitted  on  adding  the  alkaloid  and  a  little  water  to  a 
hot  mixture  of  sulphuric  acid  and  potassium  dichromate  or  ammonium  molybdate. 
The  latter  reaction,  althoogh  vezy  characteristic,  requires  great  skill ;  but  it  takes 
plaoe  without  ftdl  on  placing  the  atropine  on  a  few  crystals  of  chromic  trioxide  con- 
tained in  a  porcelain  basin,  and  applying  a  gentle  heat  until  the  trioxide  assumes  a 
greeo  eolour.    (See  further,  Oftem.  Boe.  J.  1876,  i.  778.) 

When  an  alkaline  solution  of  atropine  is  shaken  up  with  chloroform,  the  atropine 
diesolvss  in  the  chloroform  even  at  ordinary  temperatures  (Newark,  Chem,  CaUr. 
1872,  686). 


Yellow  AwUeqf  Veeumue.-^,  vom  Rath  (Jahrb.f.  Min.  1876,  200) 

has  examined  a  splendid  bomb,  6  centimeters  in  diameter,  from  this  locality,  the 
oater  crust  of  which  consisted  of  sanidine,  black  augite,  a  little  hornblende,  and 
melanite.  Below  this  crust,  which  was  thin,  there  was  a  second  zone,  composed 
chiefly  of  green  diopside  and  biotite ;  the  interior  of  the  bomb,  however,  was  an 
agmgate  of  reddish  aupte,  mica,  and  humite.  The  augite  exhibited  the  combination 
»J? .  OP  .  2itao  .  2P  .  Poo  .  ooPoo  .  odPS.  Sp.  gr.  ^  8*233.  Its  chemical  compo- 
sition 


8iO". 

APO». 

FeO. 

OiO. 

MgO. 

LoM  on  Ignfttioo. 

d8-2 

1-6 

2-3 

23*4 

19-8 

0*2   -  9*99 

which  agrees  closely  with  the  white  or  colourless  varieties  found  at  Achmatowsk, 
Orrg&rm,  Gul^d,  &c,  A  remarkable  fact  connected  with  this  augite  from  the 
Vesuvian  bomb  is  that  the  outer  augite  contains  only  black  augite ;  the  druses  of 
the  second  zone  contain  green  augite,  and  those  of  the  interior  yellow  augite. 

A  pseudomorphouB  eonveraios  of  augite  into  tale  crystals  has  been  observed  in 
two  distinct  stages  of  conversion  near  Nordre  Olafsby,  in  Snarum. 

Some  OHf  these  ciystals,  most  of  which  are  about  3  centimeters  long  and  1  centi- 
meter broad,  still  cleave  in  one  direction,  possess  a  ffreenish-black  colour,  are  trans- 
parent along  their  edges,  and  are  not  very  nard.  Other  crystals  have  lost  their  capa- 
bilily  of  deaving,  are  grey,  and  have  the  same  hardness  as  talc  In  some  crystals 
there  is  found  a  nucleus  which  is  still  in  the  first  stage  of  transformation.  The 
chemical  change  involved  in  this  latter  pseudomorphosis  consists  in  the  replacement 
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of  ferrous  oxide  and  calcium  oxide  by  water  and  magnesia  (A..  Helland,  Pogg, 
cxlv.  480). 

On  the  MoUetdar  Volume  qf  Augitet  see  Yoluicb. 

On  Augite  and  Hornblende  in  Greenstone^  see  QBBENerroini  {2nd  Suppl,  581). 

On  Angitic  Traohytee,  see  Tbacsttb. 

AinULH  TUll  •  The  glncoside,  found  by  De  Vrg  in  the  flowers  of  Citnu 
deownanat  and  regarded  by  him  as  hesperidin,  is  in  reality  quite  a  different  body 
which  may  be  called  awras^in.  It  ciystallises  in  small,  yellow,  monoclinie  prisms, 
dissolving  freely  in  hot  water  and  in  300  parts  of  cold  water,  and  melting  at  1 7 1^.  The 
ciystals  consist  of  C"H**0i*+4HH),  and  lose  their  water  at  100^  ;  they  faaye  an 
intensely  bitter  ts^  and  give  with  ferric  chloride  a  deep,  brownish-red  ookmr. 
Aurantiin  ftised  with  potasn  yields  a  product  whidi  gives  with  ferric  chloride  a 
green  colour,  not,  however,  due  to  protocatechuie  add  (K  Hoftnann,  DmU,  Chem. 
Gee.  Ber.  ix.  600). 


%  or  S080&Z0  AOZB«  G»H>«0*  (Dale  a.  Schorlemmer,  Chen.  8oe,  J. 
1877,  ii.  121).  This  red  colouring  matter,  obtained  by  heating  phenol  with  oxalic 
and  sulphuric  acid,  has  already  been  described  {let  Suppl,  299;  2nd  ShmpL  117^ 
The  experiments  of  Dale  a.  Schorlemmer  last  quoted  leit  it  undecided  whether  the 
true  formula  was  C*H**0"  or  0^H'*0'.  Recent  experiments  have  shown,  however, 
that  a  perfectly  pure  product  may  be  obtained  by  heating  a  mixture  of  sulphuric  acid 
and  pure  phenol  on  a  water-bath,  and  adding  the  oxalic  acid  only  gradually,  always 
waiting  tiU  the  evolution  of  gas  has  ceased  before  adding  another  portion,  and  not 
using  sufficient  to  attack  the  whole  of  the  phenoL  Aurin  thus  prepared  has  exactly 
the  composition  C'H'K)'.  In  its  formation,  the  oxalic  acid  is  resolved  into  GO,  CO* 
and  HK),  and  the  CO  reacts  with  the  phenol,  aoc(nrding  to  the  equation : 

80^«0  +  2C0  -  0»H»*0»  +  2HH). 

The  same  compound  is  obtained  by  the  action  of  nitrous  acid  on  zosaniline 
{let  8uppL  999) : 

C»H>'N«  +  8N0«H  «  0»H«K)«  +  8HH)   +  8N« 

and  it  is  reconverted  into  that  base  by  heating  with  ammonia  in  aqueous  or  alcoholic 
solution : 

0»H>K)«  +  8NH»  -  C»H»»N«  +  8HH). 

From  this  it  would  appear  that  the  true  formula  of  rosaniline  is  C^H^'O*,  whereas, 
according  to  Hofmann's  analyses,  it  is  C^H^'N*.  Further  experiments  are  required 
to  reconole  this  difference ;  but  Dale  a.  Schorlemmer  remark  that,  in  the  analysis  of 
organic  colouring  matters,  the  percentage  of  hydrogen  often  comes  out  too  hi^h,  a  re- 
markable instance  of  which  was  exhibited  in  Schunck's  analysis  of  alisann  from 
madder,  which  made  the  formula  of  that  compound  C^*B}H)\  instead  of  C^^HK)^ 

When  aurin  is  heated  with  alcoholic  ammonia  for  several  days  to  160^,  the 
rosaniline  which  is  first  formed  is  converted  into  leucanUme,  the  alcohol  in  presence 
of  alkali  acting  as  a  inducing  agent  From  this  it  might  be  inferred  that  a 
simUar  action  takes  place  in  the  formation  of  rosaniline  from  aurin,  thus — 

0»BP«0«  +  8NH»  +  C«H«0  -  0»H»"N«  +  8H»0  +  0«HH). 

But  this  is  not  the  case,  inasmuch  as  rosaniline  is  quickly  formed  by  heating  aurin 
with  aqueous  ammonia  to  120°  for  20  hours.  If  the  temperature  be  raised  to  180°- 
200°,  other  colourless  bodies  are  likewise  formed,  resemoling  those  which  lieber- 
mann  obtained  by  heating  rosaniline  with  water. 

Commercial  aurin  contains  a  large  quantity  of  a  pale  red  resinous  body,  as 
observed  by  Zulkowsl^  {Deut.  Chem,  Gee.  Ber.  x.  460),  also  a  dark  red  colouring 
matter,  which  is  not  only  much  more  soluble  in  alcohol  than  aurin,  but  also  increases 
the  solubility  of  the  latter,  which  can  be  obtained  pure  only  by  a  number  of  reciys- 
taUisations.  None  of  these  bodies  are  formed  in  preparing  aurin  from  pure  phenol 
according  to  the  method  above  described. 

Calcio-uranic  Phosphate ;  see  Faosfsatiis. 

O&TBOCXiASB.    See  Felspab. 


The  bark  of  the  Nim  tree  {Ajeadiraohta  indiea)  is  com- 
monly used  in  India  as  a  tonic  and  febrifuge.  Its  taste  is  intensely  bitter,  that  of  the 
ter  layer  especially  so.  The  leaves  have  also  a  very  bitter  taste,  and  are  used  exter- 
y  as  a  poultice,  being  said  to  have  a  powerful  efiect  in  preventing  glandular 
TOn  from  ooimng  to  maturity.    The  seeds  yield  a  considerable  amount  of  oil, 
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which  also  has  a  itrong,  bitter  taste,  and  is  used  in  medicine  and  for  lamps.  The 
roots  are  said  to  hare  Tennifdge  properties,  but  the  main  Tirtnes  of  the  tree  reside  in 
the  bark. 

The  bitter  principle  is  a  neutral  resin,  haying  searoely  any  definite  reactions.  It 
may  be  obtaineid  by  exhausting  the  bark  with  alcohol  of  60  per  cent,  precipitating 
the  filtered  tincture  with  water,  and  purifying  the  precipitate  by  solution  successively 
in  benxene,  carbon  sulphide,  dry  ether,  and,  finally,  abeolute  aloohoL  It  is  soluble 
in  strong,  boiling  solutions  of  the  fixed  alkalis,  from  which  acids  reprecipitate  it  ap- 
parently unaltered.  It  does  not  form  definite  compounds  with  acias  or  with  bases, 
hot  on  treating  it  with  nitric  acid  andpredpitating  with  water,  a  nitro-deriyatiTe  is 
obtained,  haying  the  composition  0"H^(NO*)*0" :  hence  the  formula  of  the  bitter 
prineiple  is  infenred  to  be  0"*H'*0". 

The  leayes  contain  a  small  quantity  of  a  bitter  substance  of  a  similar  character, 
but  much  more  soluble  in  water.  Tins  substance,  also  contained  in  the  bark,  is  a 
hydrate  of  the  resin,  which  it  closely  resembles  in  its  properties  (J.  Broughton, 
Pkttrm.  J.  Jhma.  [8],  iiL  992). 

SeeBmmwji. 


^ZO  AOZB.    See  Bmioic  Acid. 

trvnb-nnnm,     ciPN'O*    -    c«h«no^Nz=n— c«H» 

(Meyer  a.  Ambiihl,  Deut.  Chmn.  Ges,  Ber,  yiii.  751,  1078).  This  compound  is  formed 
on  mixing  the  aqueous  solutions  of  diasobenzene  sulphate  and  sodium-nitroethane,  and 
aepazates  as  a  yellow  oil  which  soon  crystallises.  Its  formation  may  be  represented 
by  the  equation : 

0»H»— N=N— SO*H  +  0«HXNO*)Na  -  NaHSO*  +  C«H»— N=N— 0«H<NO«. 
IHasobeoMDe  snlphste.       Sodttmn-nitroethane.  Asonitroethyl-idianyL 

To  prepare  the  compound  it  is  not,  howerer,  neeessaxy  first  to  prepare  a  diazobensene 
salt  and  the  sodium-deriyatiye  of  nitroethane.  A  much  easier  method  is  to  dissolye 
aniline  in  exactly  two  equivalents  of  nitric  add,  and  add  gradually  with  agitation,  to 
the  cooled  and  much  diluted  solution  one  equivalent  of  potassium  nitrite  (ussolved  in 
water.    There  is  thus  obtained,  according  to  the  equation : 

C«HTOB[*JJO^  +  NO«K  +  NO»H  -  NO«K  +  2H«0 

a  aolutioQ  of  diasobensene  nitrate,  mixed  only  with  potassium  nitrate,  which,  when 
gradn^y  added  to  a  recently  prepared  solution  of  nitroethane  in  an  equivalent  quan- 
titj  of  aqueous  potash  as  long  as  a  predpitate  is  formed,  immediately  throws  down 
the  asonitroethyl-phenyL 

This  aso-oompound  is  thus  obtained,  according  to  the  concentration  of  the  solu- 
tioos  used,  either  as  a  quickly  solidifying  oil,  or  at  once  in  yellow  fiocks,  which,  by 
crystallisation  from  boiliDg  idcohol,  are  converted  into  golden-yellow  laminae,  very 
much  like  chloranil.  It  dyes  silk  a  pure  and  deep  golden-yellow.  When  not  quite 
pore  it  is  unstable,  the  crystals,  after  a  few  weeks,  suddenly  becoming  resinised,  and 
giving  off  red  vapours. 

AjDonitzoethyl-phflnyl  is  a  well-characterised  add,  forming  salts  containing  2  atoms 
of  univmlent  metaL  llie  wttasiwm  tali,  0*£rN*0*E* + 4H*0,  obtained  by  triturating 
the  substance  with  alcoholic  potash  and  washing  the  resulting  crystalline  mass,  first 
with  alcohol,  then  with  ether,  forms  orange-yellow  laminv.  The  aodium  mU, 
OH^N'O'Na*  +  7H*0,  is  prepared  in  like  manner  and  exhibits  similar  characters. 
The  gme  9aU,  OITN'O^n  +  8HK),  is  obtained  as  a  chrome-yellow  predpitate  on 
mixing  the  aqueous  solution  of  the  potassium  salt  with  sine  chloride.  liad  sa2te, 
probably  of  variable  composition,  are  obtained,  sometimes  ss  brownish-yellow,  some- 
times as  brick-red  predpitates.  The  brick-red  salt  is  basic,  and  has  the  composition 
OB»N«0*Pb  JbO  +  21^0. 

The  mhtr  salt  is  a  red-brown  predpitate  which  easily  turns  black  and  decomposes. 
All  these  salts,  when  decomposed  by  hydrochloric  acid,  give  up  the  azonitroethyl-phenyl 
in  its  original  state. 

The  apparent  bibasidty  of  this  compound  is  remarkable,  inasmuch  as  the  formula 

CH»— C^NO« 

should  contain  only  one  atom  of  hydrogen  replaceable  by  metals,  namely,  that  which  is 
contained  in  the  group  CH(NO^)N';  and  in  fi&ct,  the  corresponding  pseudopropyl 
compound: 


Sodium  salt 
Zincaalt 
Lead  salt 
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in  vhich  the  coirespondiiig  hydrogen  atom  is  replaced  by  methyl,  possesses  no  acid 

properties  whatever  (see  below). 

Keearding,  therefore,  azonitroethyl-phenyl  as  a  monobasic  acid,  the  salts  aboye  dt- 
Bcribed  must  be  loolrad  npon  as  basic  salts,  thus : 

Potassium  salt  0«HW«0«K.KOH  +   3H*0 

C«H»N»0'Na.KaOH  +  6H«0 
CWB[«K«0«— Zn— OH  +  2H«0 
OH«N«0«— Pb— OH  +   IJHH). 

Aconitroeth^-phen^l,  boiled  with  faming  hydrochloric  acid,  gires  off  a  third  of  its 
nitrogen  as  gas,  and  yields  a  colonrless  base,  the  hydrochloride  of  which  is  extiemalj 
soluble  in  water  and  alcohol,  and  has  a  tendency  to  reeinise,  so  that  its  exact  compo- 
sition is  not   easily  ascertained;    its   analysis,  howeyar,  indicates   the   formnla 

Asonitroethyl-phenyl  is  reduced  I37  tin  and  hydrochloric  acid,  bnt  the  product  of 
the  reaction  is  mixed  with  that  resulting  from  the  action  of  the  hydxochlorio  aeid 
alone. 

Bromine  forms  with  azonitroethyl-phenyl  a  well-crystallised  compound  which  de- 
composes T6iy  early,  with  formation  of  bromobenzene. 

AZO«rnUNnnrfXi-»AJtATO&T&,  0*H«NO>— N=N— 0*H<(OH«),  (Bar- 
bieri,  Deut,  Ckmn.  Ges.  Bar,  ix.  886).  This  body  is  obtained  by  the  action  of  diaso- 
paratolyl  nitrate  on  nitroethane.  It  forms  fine  orange-red  prisms,  haying  a  peenliar 
steely  lustre,  and  melting  at  183^.  In  other  respects,  it  closely  resembles  azonitxo- 
ethylphenyL  It  dissolves  in  alkalis,  forming  deep-red  salts.  An  aqueous  solution  of 
the  sodium  salt  gives  coloured  precipitates  (yellow  to  red)  with  mercury,  silver,  lead, 
copper,  and  sine  salts. 

jMonitroetJ^^lorthatolyl  is  obtained  like  the  foregoing  substance,  which  it  re- 
sembles'in  properties.    It  oyatallises  in  orange  needles  w&h  melt  at  87^-88°. 


CH*(NO«).N«.0«H»,  is  obtained  like  the 
ethyl-compound,  but  to  avoid  the  formation  of  resinous  bodies,  the  solutions  must  be 
very  dilute.  The  compound  separates  as  a  chepy-red  oil,  whidb  soon  solidifies.  It 
crystallises  from  alcohol  in  fine  red  needles  having  a  brilliant  silky  lustre,  and  from 
carbon  sulphide  in  prisms  resembling  chi^mic  trioxide.  At  163^  it  melts  and  de- 
composes, and  when  moie  strongly  heated  it  deflagrates.  In  concentrated  sulphuric 
acid  it  dissolves  with  intense  purple  colour;  water  reprecipitates  the  unaltered 
compound. 

It  is  more  stable  than  the  ethyl-compound,  being  decomposed  bv  hydrochloric  add 
only  after  prolonged  boiling.  The  product  is  a  compound  which,  by  evaporation  and 
recryrtallisation,  is  obtained  in  long  white  spicular  crystals  having  a  silky  lustre 
(Friese,  Deut,  Chem,  Oea.  Ber,  viii.  1080). 

AZOSrXTAOPSBimOVttOns-VBSrn,  C(GH*)«(KO«)jr>.0*H«,  formed 
by  adding  an  aqueous  solution  of  diasobensene  nitrate  to  a  recently  prepared  solution 
of  pseudonitropropane  in  potash-ley,  separates  as  a  yellow  oil  which  does  not  solidiff. 
It  is  heavier  than  water,  aoes  not  volatilise  either  alone  or  with  vapour  of  water,  and 
is  quite  insoluble  in  alkalis  (Meyer  a.  Ambuhl,  Deut.  Chem,  (res.  Ber,  viii.  1076). 


r,  C»H»N»0  (Kimich,  Deut,  Chem.  Gee.  Ber.  viii.  1026).  This 
compound  is  fanned,  together  with  other  products,  by  the  action  of  nitrosophenol  on 
aniline : 

2C»H«(N0)0H  +   4(0^».NH»)  -  NH»  +   8H«0  +  C»^»N»0. 

Nitrosophenol,  mixed  with  excess  of  aniline  acetate,  sets  in  a  few  days,  or  if  warmed 
on  the  water-bath,  in  half-an-hour,  into  a  black  crystalline  mass,  from  which,  after 
washing  with  water,  dilute  ammonia  extracts  orj^asobenzene,  leaving  a  residue  con- 
taining azophenin ;  and  on  exhausting  this  residue  with  alcohol,  washing  it  with  a 
little  benzene,  and  then  crystallisinjg  it  repeatedly  from  toluene  and  :nrlene,  azophenin 
is  obtained  in  red  scales,  insoluble  in  alcohol,  ether,  and  alkalis,  melting  at  224^,  and 
decomposing  at  a  higher  temperature,  with  formation  of  several  pr^ucts  not  yet 
examined.    By  tin  and  hydrochloric  acid  it  is  reduced  to  a  yellow  crystallisable  base. 

Azophenin  is  also  produced,  together  with  a  large  quantity  of  viscid  substances, 
by  the  action  of  nitrosodimethyl-aniline  on  aniline  acetate. 

A  compound,  0^H'^*0,  homologous  with  azophenin,  is  fbimed  by  the  action  of 
nitrosophenol  on  paratoluidine.  It  forms  red  scales  melting  at  249^-250^,  and  dosely 
resembung  the  aniline  compound.  Its  behaviour  when  heated  is,  however,  quite  dif- 
ferent, fbr  it  does  not  yield  a  crystallino  sublimate,  and  no  definite  couipouud  can 
be  extracted  from  the  residue. 
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AZonnnrTUura,  c»H«N*  -  ch^^n—n^zCH^  (CUob,  i>ma,  Chem.  ChB. 

B0r,  yiii.  87>  600).  This  oomponnd  is  most  conTonientlj  obtained  firom  the  brown 
product  of  the  dr^  distillation  of  calcium  azobenzoate.  On  dissolnng  this  substance 
in  al«x>hol  saturated  with  ammonia,  and  passing  sulphuretted  hjdrogen  into  the  solu- 
tion, nearly  pure  hydrasophenjlene  is  precipitated,  which,  by  sublimation,  ;^ields  per- 
fecthr  pure  asophenjlene. 

Azophenylene  is  not  formed  from  azobenaene  by  passing  the  latter  through  red- 
hot  tubes,  however  the  conditions  of  the  experiment  may  be  Taried.  At  a  hi^  tem- 
perature, the  products  of  the  decomposition  are  free  from  nitrogen,  and  consist  of 
oiphenyl,  anthracene,  and  chrysene.  Dinitrophenyl  does  not  ^eld  asophenylene, 
eitiier  when  treated  with  alcoholic  potash  or  heated  with  one-dust,  neither  is 
asophenylene  obtained  from  benxidine  by  oxidation  with  permanganate  or  with 
chromic  acid. 

Pure  asophenylene  melts  at  171^i  boils  at  a  temperature  above  360^,  and  does  not 
form  a  sulj^onic  add,  as  preriously  stated  by  Glaus. 

AzopketijfUiu  tUeklorids,  0**H*N*C1*,  is  obtained  in  red  crystals  by  passing  dry 
chlorine  into  a  solution  of  asophenylene  in  absolute  alcohol.  It  is  Tery  unstable, 
being  eadly  resolyed  into  its  constituents. 

Jjfophenylms  kydriodide,  C^fH'N'HI,  is  prepared  by  heating  the  two  compounds 
together  for  seyeral  days  to  120^.  It  crystallises  in  dark-green  needles,  and  is  de- 
composed by  water. 

jMopkmtfflene  J^drobrmnide,  O^'H'N'HBr,  is  obtained  by  eraporating  a  solution  of 
aaophenylene  in  concentrated  hydrobromic  add*    It  forms  brown  crystals. 

AMopkmiyleM  kydtookhridit  G^H'N'HCl,  is  easily  formed  by  boiling  asophenylene 
with  hydrochloric  acid.  It  aystallises  in  rhombic  prisms  or  plates.  It  is  de* 
composed  by  water,  and  on  adding  platinic  chloride  to  its  solution  in  hydrochloric 
add,  small  polden-yellow  needles  of  (Ci*H^*HCl)*Pt01«  are  precipitated.  It  also 
combines  with  aunc  chloride,  forming  a  yellow  predpitate,  C"H»N*B[Ol.  inCl*.  On 
adding  mercuric  chloride  to  a  hot  solution  of  asophenylene  in  hydrochloric  acid,  the 
compound  (CH'N'HCl)'!HgGl'  separates  on  cooling  in  brownish  crystals. 

VUraU  of  oMophenylene  has  not  been  obtained ;  but  by  disMlvinff  asophenylene 
in  hot  nitric  add,  uoid  adding;  merctmo  wUraie,  ruby-red  crystals  are  obtained,  baring 
the  compodtion  O^'H'N'.HgrNO^*.  By  the  action  of  hydrogen  sulphide  on  the  solu- 
tion of  tiiis  compound,  a  durk-green  predpitate  is  ibrmed,  eontainiog  mereuiy  in  com- 
bination with  hj^^razoi)henylene.  The  corresponding  stivsr  cornnemd,  0*'ll"N*(AgNO*)*, 
is  a  heavy  yellow  predpitate,  crystallising  from  hot  nitric  ada  in  golden -yellow  plates, 
i^ch  deflagrate  when  heated. 

MomonUroMopheni/Unef  G"H'(NO')N*,  is  formed  bv  dissolying  asophenylene  in  a 
mixture  of  friming  sulphuric  and  nitric  acids,  and  boiling  the  mixture  for  dght 
hours ;  the  addition  of  water  predpitates  the  pure  nitro-compoundin  slender  greenish- 
Yellow  needles,  which  melt  at  209^  to  210^,  and  sublime  without  decomposition  at  a 
nighdr  temperature.  It  is  reduced  by  sulphuretted  hydrogen  in  ammoniacal  solution, 
finally  yieUing  a  red  product,  probably  amidasophenylene.  The  action  of  Aiming 
nitric  add  on  asophenylene  in  alcoholic  solution  yields  a  mixtxure  of  substances,  in 
which  there  appears  to  exist  a  dinUratophenylene,  (;"H*(NO*)^',  melting  at  181*'. 

Diehioftuopkenylene,  G"H*G1'N'. — The  action  of  phosphorus  pentachloride  on 
asophenylene  gives  rise  to  a  number  of  products,  one  of  which,  melting  at  144^, 
appears  to  have  this  compodtion. 

ABOTO&innrB.    See  ToLVBia. 

•    See  Cabboitatbs  of  Copi'ku. 
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This  iniDeral  has  been  fonnd  among  the  slag  in  the 
mannfactare  of  Bessemer  steel,  fonning  small  greenish-black  crystals,  of  sp.  gr.  8*24 
and  hardness  6. 

Its  composition  (compare  2nd  8uppl,  122)  vas  found  to  be — 

810.  F0^.  Mn"0*.  FeO.  HnO.  GaO.  MgO. 

48-895        5-338         10*908        29*485        2386        1*807         1*431   -    100*250 

leading  to  the  formula : — 


12Fe8iO* 

MnSiO* 

OaSiO* 

MgSiO*. 


Fe^SiO»)» 
2Mn«(SiO«)» 


For  the  estimation  of  ferrous  in  presence  of  ferric  oxide,  the  mineral  was  decom- 
posed by  hydrofluoric  add  in  an  atmosphere  of  carbon  dioxide,  and  titrated  with 
5 otassium  permanganate.  Themanganous  oxide,  in  presence  of  manganic  oxide^  was 
etermined  by  dissolving  the  whole  in  ammonium  chloride,  and  precipitating  the 
manganic  oxide  by  ammonia,  which  does  not  precipitate  pure  manganous  oxide 
from,  such  a  solution  (H.  IHemm,  Ckem.  Cmtr.  1874,  215). 


^O*    BambuM  arundmaoM, — ^The  ash  of  bamboo-stems  has  been  analysed 
by  Hammerbacher  {Ltebifa  Annalen,  dxxvi.  87),  with  the  following  results : — 

Fonio 
SiO*.         OiiO.         UgO.         KPO.  Ka*0.  GL  80*.     Phosphate. 

28*264     4*481      6*569      34*217      12*765      2*062      10*705      0*037   »   99*100. 

The  ash  is  rich  in  silica  and  alkalis,  poor  in  alkaline  earths.    The  proportion  of 
alkalis  is  about  the  same  as  the  ashes  <k  ordinary  woods. 

OOUXi  VUT8.    See  Aisubitbs  (p.  54). 


An  iuTcstigation  of  the  educts  firom  barwood  (Bapkia  nitida) 
made  by  the  late  Dr.  Thomas  Anderson  (Ckem,  8oo.  J,  1876,  ii.  583).  To  obtain 
them,  the  wood,  after  being  torn  to  a  fine  dust,  is  placed  in  a  digesting  apparatus, 
and  exhausted  thoroughly  with  anhydrous  'methylated*  ether  free  from  aloohd. 
The  liquid  which  traverses  the  wood  gradually  diminishes  in  colour  as  tb.e  extzaetion 
proceeds,  until,  from  having  been  strongly  red,  it  becomes  almost  (though  never 
quite)  colourless.    This  liquid  is  heated  in  the  water-bath,  to  drive  off  the  greater 

Sart  of  'the  ether.  The  residue,  left  to  itself  for  a  short  time  in  a  cool  plam,  may 
eposit  a  small  quantity  of  bap  hie  acid,  in  the  form  of  platy  crystals.  These  are 
separated  from  the  mother-liquid,  in  which  they  are  quite  insoluble ;  the  latter  is 
evaporated  so  as  to  drive  off  the  greater  part  of  the  ether,  and  then  mixed  witii 
alcohoL  After  an  interval  varying  from  one  to  several  days,  a  crystalline  magma 
forms,  consisting  of  baphiixk,  contaminated  with  a  solid  red  colouring  matter,  and 
containing  also  some  dark  and  viscous  tinctorial  substance  which  has  not  been 
examined. 

The  wood,  thoroughly  freed  from  ether  by  evaporation,  is  next  exhausted  with 
alcohol,  and  the  alcoholic  liquid  is  distilled  nearly  to  dryness  and  left  at  rest,  where- 
upon it  solidifies  after  long  standing,  to  a  semicrystaJline  mass,  containing  (as  in  the 
case  of  the  ethereal  extract)  a  viscous  colouring  matter  of  a  deep-red  colour.  The  mass, 
on  exposure  to  air,  dries  up,  with  fission,  to  a  granular  powder.  Its  crystalline  con- 
stituent has  not  been  examined. 

The  use  of  other  solvents  than  those  above  mentioned  is  not  satisfactory.  Bensene 
and  carbon  disul{>hide,  at  about  100^,  have  the  advantage  of  dissolving  scarcelv  a 
trace  of  the  colouring  matters,  but,  on  the  other  hand,  the  dimdvantage  (S  extracting 
only  a  very  trifiing  quantity  of  the  colourless  ingredient,  baphiin.  Any  baphic  acid 
that  may  be  present,  is,  however,  remoyed  by  the  hot  benzene  with  tolerable 
£BU»lity. 

Baphiin,  nC^**0*,  obtained,  as  above  mentioned,  from  the  ethereal  extract  of 
the  wood,  and  purified  by  r^>eated  crystallisation  from  strong  spirit,  is  a  colourless 
nbgtaDce  having  an  odour  of  orris  root.    It  crystallises  from  alcohol  in  plates  of 
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eomidarable  loftre,  from  ether,  hj  rapid  evaporation,  in  tofts  of  needlee.  It  is  bift 
Tory  sparingly  sdable  in  benzene  and  in  carbon  disnlphide;  insoluble  in  water. 
When  allowol  to  crystallise  from  its  solution  in  alcohol  on  a  finely  divided  snrfiiee  in 
presence  of  air,  it  rapidly  oxidises,  producing  colours  which  vary  from  jrellowish-red 
to  light  purple.  When  heated  it  melts  partly  below  200^,  partly  at  a  hig^r  tempe- 
rature, indicating  decomposition.  Dried  at  100^  it  yields  by  analysis  (mean  66*40 
per  cent,  carbon  and  4*9  hydrogen),  the  formula  C>'H**0\  requinng  66*05  C.  and 
4*69  H. 

An  alcoholic  solution  of  baphiin,  mixed  with  alcoholic  lead  acetate,  forms  a  white 
jnredpitate  of  lead  baphate,  which  turns  brown  in  drying,  probably  ttcm.  oxidation ; 
and  the  alcoholic  filtrate,  mixed  with  water,  yielcfs  a  ciyBtallme  precipitate  of 
baphinitin.  With  dilute  aqueous  potash  at  the  boiling  heat,  baphiin  reacts  in  the 
same  manner  as  with  alcoholic  lead  acetate ;  with  strcKig  potash-ley  other  products 
are  formed  (mfra). 

The  reeolntion  of  baphiin  into  baphic  add  and  baphinitin  is  analogous  to  that  of 
athamantin  into  valeric  acid  and  oreoselone  (iv.  216). 

Baphie  Acid,  C*«H"0*  or  G*«H*sO**,  prepared  by  boiling  baphiin  with  aqueous 
potash,  filtering  and  addins  hydrochloric  acid,  is  precipitated  as  a  yellowish-white 
powder,  and  mapr  be  purified  by  placing  it  on  the  filter  (without  washing),  drying  in 
the  air,  extraction  with  anhydrous  ether,  evaporation  of  the  ethereal  solution,  and  re- 
peated crystallisation.  It  then  forms  white  nacreous  scales  ver^  soluble  in  alcohd, 
still  more  in  ether,  insoluble  in  water.  Its  alcoholic  solution  instantly  precipitates 
metallic  silver  from  the  nitrate. 

BaphinxtinftiG*SL*Ot  is  the  chief  product  obtained  b^  boiling  baphiin  with 
aqueous  potsBh ;  it  is  also  found  in  the  mother-liquor  remaining  after  the  precipita- 
tion of  lead  baphate  £rom  a  mixture  of  the  alcoholic  solutions  of  baphiin  and  lead 
acetate.  It  is  white,  smells  like  baphiin,  but  more  strongly ;  is  insoluble  in  water, 
but  dissolves  with  moderate  facility  in  alcohol  and  ether ;  and  crystallises  in  needles. 
Treated  with  strong  sulphuric  acid,  and  afterwards  with  water  and  barium  carbonate, 
it  forms  a  solution  from  which  sulphuric  add  precipitates  barium  sulphate,  the 
mother-liquor  yielding  on  evaporation  a  deliquescent  barium  salt. 

Baph%niion$,  CP'H^O*. — When  baphiin  is  boiled  with  strong  aqueous  potash,  air 
being  exduded  as  much  as  possible  during  the  operation,  there  is  left  uiMUssolved  a 
mixture  of  three  substances:— (1)  baphimtin,  which  dissolves  in  alcohol  and  ether 
with  moderate  ease ;  (2)  baphinitone,  which  is  very  easily  soluble  in  these  liquids  ; 
ttid  (3)  a  small  ^uanti^  A  an  unexamined  body,  fdsible  at  164*1^  (corr.),  very 
sparingly  soluble  m  alconol,  even  when  hot,  and  separating  therefrom  in  granular 
oystals.  Baphinitone  is  prepared  by  treating  the  portion  of  baphiin  insoluble  in 
aqueous  potash  with  cold  alcohol,  wluch  readily  dissolves  the  bapninitone,  and  but 
'  little  ba^dnitin.  The  solution  is  evaporated  and  the  treatment  repeated,  till  the 
crystals  thus  obtained,  after  dzring  oyer  sulphuric  add,  mdt  at  or  near  88®.  Baphi- 
nitone crystallises  from  alcohol  in  hemispherical  msBseii,  composed  of  radiating  crys- 
tals, bttutifUly  white  and  lustrous,  insoluble  in  water.  It  gave  by  analysis  Tl'B*^ 
per  cent.  C.  and  6*36  H.,  the  formula  requiring  71*89  0.  and  6*99  H. 

J)nbrcm€bapkiniUmB,  C'H^Br'O',  is  obtained  by  treating  an  ethereal  solution  of 
bi^hinitone  with  an  ethereal  solution  of  bromine,  and  remains  on  evaporating  off  the 
ether,  as  a  white  substance,  which  may  be  purified  by  washing  with  alcohol  or  ether, 
in  both  of  which  it  is  almost  insoluble.  It  separates  from  a  hot  ethereal  solution  in 
small  granules,  mdting  with  sudden  blackening,  at  180*2®  (corr.) 

Baphiin,  baphinitone,  and  the  substance  least  soluble  in  alcohol  which  occurs  with 
the  latter,  are  all  coloured  orange-yellow  by  sulphuric  acid ;  with  nitric  acid  an 
orange-red  is  obtained,  changing  to  green. 

The  molecular  formube  of  these  bodies  are  somewhat  complex,  and  not  ea^  to 
determine.  Taking,  however,  that  of  baphinitone  to  be  precisely  determined,  a 
C**^  formula  may  with  great  probability  be  assumed  for  all  these  bodies,  as  in  the 
fbllowing  series : — 

Baphiin C«H»0« 

Baphic  add 0»«H«0»*  [0»?] 

Baphinitin CMEp40« 

Baphinitone 0»H»0« 

Colouring  Ma t  tsn, — ^Barwood contains  at  least  three  colouring  matters.  Ether 
dissolves  out  two  of  these :  one  (A)  which  is  less  soluble,  and  obstinatdy  adheres  to 
the  baphiin,  and  another  more  soluble  (B),  which  is  easUr  got  rid  ot.  After  the 
extraction  with  ether  is  complete,  alcohol  oissolves  a  third  (C),    All  are  insolable  in 
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benzene;  all  giye  purple  lakes  with  lead  acetate,  and  purple  ooloxmtioM  witli 
alkalis. 

(A.)  The  solnbility  of  this  body  in  ether  diminishes  after  exposure  to  air.  It 
ma^  be  purified  firom  baphiin  by  boiling  with  bensene,  in  which  the  latter  diMc^fw. 
It  18  a  Inight  red  powder. 

(B.)  Crystalline ;  dissolves  easily  in  boiling  alcohol.  A  strong  solution  eati  off 
the  bine,  and  nearly  all  the  green  of  the  spectrom — the  blue  first.  The  same  solu- 
tion, mixed  with  hydrochloric  acid,  becomes  darker,  transmits  the  bine  fiuntly,  and 
Teiy  mach  obsenres  the  green ;  the  yellow  and  red  are  transmitted.  The  solution, 
after  the  addition  of  the  acid,  becomes  deep-pink  on  mixing  with  ammonia  or  potash; 
the  green  and  blue  are  much  obscured,  while  the  red  is  left,  and  the  ydlow  is  out  oC 
ando^placed  by  a  black  band. 

(0.)  The  green  is  more  absorbed  by  this  colour  in  alcoholic  solution  than  by  (A). 
When  the  solution  is  moderately  strong,  a  black  band  appears  in  the  yellow,  wnsn 
hydrochloric  acid  is  added,  the  green  is  more  obscured,  and  the  yellow  is  still 
decidedly  e£bced,  notwithstandinff  the  dilution ;  the  blue  is  nearly  removed ;  the  red 
remains.  When  ammonia  is  added  to  the  solution  after  the  action  of  hydrodiloric 
acid,  the  colour  becomes  deep-purple;  the  red  xay  is  transmitted,  the  yellow  is 
efboed,  the  green  scarcely  visible.    C  acts  on  the  green  and  yellow  more  than  A. 

The  results  above  detailed  do  not  corroborate  the  statement  sometimes  made, 
that  the  '  colouring  matter '  of  barwood  is  identical  with  santonin. 


Occurrence  in  Nile  Mud  and  in  Eayptian  Wheat, — ^Enop  has  found 
0*021  and  0'017  per  cent  of  barium  carbonate  in  Nile  mud  from  Minich  and  Achmin 
respectively  (Landw,  Versuch8.-8t,  xvii.  66).  The  occurrence  of  barium  in  this  deposit 
hsj  been  oonflimed  by  H.  Dworzack  (ilnd,  898),  who  has  also  found  it  in  the  ash  of 
wheat  grown  thereon.  The  leaves  were  found  to  contain  a  larger  proportion  than  the 
stem,  in  which  respect  the  distribution  of  barium  in  this  wheat  is  aiialogous  to  that 
of  calcium  in  the  generality  of  plants. 

In  Furnace  duet, — The  presence  of  barium  has  been  demonstrated  both  by  the 
spectroscope  and  by  chemical  analysis  in  tiie  dust  of  the  Silesian  sine  ftimaces  (Schwann 
iingl,  pd.  J,  ccxviii.  219). 

JPreparation. — ^Metallic  barium  may  be  prepared  by  decomposing  the  iodide  with 
sodium,  dissolving  out  the  reduced  metal  with  mercury,  and  distilling  off  the  merenxy. 
The  reaction  between  the  barium  iodide  and  the  sodium  is  attended  with  incandescence 
(Eem,  Chem.  Netu,  xxxi.  2i8). 

Separation  from  Strontium  and  Calcium, — ^According  to  KSmmerer  (ZeitsclSr,  anal, 
Chem.  xii.  376)  the  beet  method  for  the  qualitative  separation  of  barium  rrom  strontium 
and  calcium  as  barium  chromate  is  to  dissolve  the  carbonates,  obtained  by  precipita- 
tion with  ammonium  carbonate,  in  acetic  acid,  and  then  add  potassium  chromate.  The. 
presence  of  ammonia  salts  is  to  be  avoided,  as  they  increase  the  solubility  of  barium 
chromate. 

From  analyses  by  Fr.  Frerichs  (Deut,  Chem,  Oes,  Ber,  vii.  800)  it  appears  that 
this  method  may  also  be  applied  to  the  quantitative  separation  and  estimation  of 
barium,  in  presence  of  calcium,  strontium,  or  magnesium. 

Volatility  at  High  Temperatu/ree, — ^When  anhydrous  baryta  is  intensely  heated  in 
a  wind-ftimace  in  contact  with  aluminium  in  the  form  of  ingot  or  in  filings,  a  portion 
of  it  (1'97  and  1*76  per  cent  in  two  experiments)  is  volatilised  and  is  found,  partly 
mixea  with  the  metallic  aluminium,  as  aluminate  or  oxide,  P^y  >&  the  remauis  of 
the  anhydrous  baryta,  partly  in  Uie  crucible  and  its  cover.  The  reduction  and  volat- 
ilisation of  the  metals  are  further  demonstrated  by  observing  with  the  spectroscope 
the  carbon  monoxide  flame  of  the  furnace  (heated  with  the  hard  carbon  deposit  from 
coal-gas  retorts).  Strontium  and  calcium  may  be  volatilised  in  the  same  way  (J.W. 
Mallett,  Chem,  Soc,  Jour,  1876,  ii.  864). 

Barium  Hydrate. — On  the  economical  preparation  of  the  hydrates  of  barium, 
potassium,  and  sodium  from  the  corresponding  sulphides,  see  Tessie  du  Mothay  (DingL 
pot.  J.  ccvi.  333 ;  Chem.  Soc  Jour,  [2],  xi.  414). 

Beactions  with  Carbon  Bisulphide. — Baryta-water  agitated  with  carbon  disulphide 
yields  a  basic  sulphocarbonate,  BaCS*.2BaH'0>  +  6H'0,  soluble  in  alcohol  and  in 
carbon  disulphide,  slightly  soluble  in  cold  water,  and  decomposed  by  acids,  with 
liberation  of  sulphocarbomc  acid,  GS'H^  in  oily  drops  (D.  Walker,  Chem,  Nme,  xxz. 
28). 

Peroxide, — According  to  £.  Schone  (Beut.  Chem.  Oe$.  Ber,  vi.  1172)  hydrated 

larium  peroxide,  prepared  according  to  the  original  method  of  Thinard,  has  ^e 

^position  BaO*.8HrO,  and  forms  microscopic  crystals,  belonging  to  the  quadratic 

rtom,  usually  ^chibiting  the  combination  aoP.OP,  sometimes  tabular  from  pre- 
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domioAiiee  of  OP,  and  hariiig  the  prifinatie  edm  tnmeated  by  ao  P  oo.  The  hjdrated 
diooddee  of  calciTim  and  strontiTim  are  ieomoarphoiia  with  it. 

BammelflbeK  ahoved  in  1869  (Deui,  C/kem,  Oe$,  Sir,  ii.  147)  that  the  product 
obtained  bj  ignftion  of  barinm  nitrate  contains  more  oxjgen  than  the  monoadde ;  and 
by  f^uther  ezperimenta  {ibid,  vii.  542)  he  flnda  that  the  grey  porons  mass  contains,  on 
the  arerage,  86*4  per  cent  barinm,  agreeing  nearly  with  the  fomrala  BaH>*,  or 
2Ba03a(^,  which  reqnires  86*5  per  cent. 

The  oxygen  in  this  and  simhir  bodies  cannot  be  estimated  by  the  iodometrie 
method,  as  on  heating  them,  even  with  strong  hydrochloric  acid,  only  a  small  quantity 
of  chlorine  is  CTolyed,  not  more  than  sufficient  to  impart  a  yellow  colour  to  a  solution 
of  potassium  iodide.  The  estimation  may,  howeyer,  be  effected,  as  shown  by  Aschoff 
{J.vr.  Chem.  Ixxzi.  401),  by  means  of  potassium  permanganate,  which,  in  contact  with 
H^,  is  resolyed  into  liuiO  and  free  oxygen,  in  such  a  manner  that  the  two  compounds 
yield  equal  Quantities  of  oxygen. 

Barium  dioxide,  BaO*,  contains  by  calculation  81*06  per  cent.  Ba  and  18*94  0. 
A  preparation  containing  78*9  per  cent,  barium  was  found  by  the  preceding  method 
to  approach  more  nearly  in  composition  to  Ba*0^  than  to  BaO*. 


(Fr.  Orget  Qer.  Gente),    The  yarious  species  of  cultiyated  barley  are 

distinguished  as  two-rowed,  four-rowed,  and  six-rowed,  according  to  Uie  number  of 
fisrtile  spikelets.  The  first  and  last  of  these  species  are  the  most  characteristic,  the 
six  and  the  four-rowed  being  nearly  related,  nordevm  distiehtim  (two-rowed  barley) 
includes  the  finest  yarities  of  English  barley.  H.  hexattichum  (six-rowed  barley) 
includes  the  '  here  *  or  *  big '  of  Sc^iand,  which  is  also  four-rowed,  and  seyeral  yarieties 
largely  grown  in  the  north  of  Europe.  The  H,  vtUgare  of  liniueus  is  a  four-rowed 
baney.  Varieties  of  each  of  these  species  occur,  in  which  the  chaff  separates  readily 
firom  the  grain,  as  in  wheat ;  these  are  known  as  naked  barley,  H,  ecustU,  HimmeU- 
^$Uy  &C.    Naked  barley  possesses  as  hi^  a  weight  per  bushel  as  wheat. 

The  composition  of  barley,  like  that  of  oats,  exhibits  a  wide  range  of  yariation, 
which  is  largely  due  to  the  yarying  thickness  of  the  adhering  ch&.  The  finer 
qualities,  haying  the  plumpest  grain  and  thinnest  chafi^  are  those  used  for  preparing 
nearl-barley,  aM  for  malting ;  the  inferior  qualities,  ground  as  meal,  serye  as  fbod 
for  pigs  and  cattle. 

The  following  table  shows  the  seneral  percentage  composition  of  barley  grain  and 
straw,  with  the  extent  of  yariation  obsenred,  deduced  from  a  compilation  of  all  accessible 
auAlyses.  The  single  analysis  of  here  is  by  Anderson;  that  of  ni^ed  barley  by 
Leieune,  firom  a  sample  grown  in  Algeria ;  the  analyns  of  barley  chaff  is  quoted  firom 
Wolff. 


I 


NumbMr 
of 


Barley,  mean  composition  . 
highest  perceotages 
lowest  percentages 


t* 


»• 


Naked  barley    . 

Barley  chaff 

Barley  straw,  mean  comp 
highest  percental 
lowest  percentages . 


»f 


»f 


66 


1 
1 

13 


Wftttr 


14*05 
18*96 
11*66 
14*22 
10*77 
14*80 
16*00 
17-50 
9*65 


Albnmi- 
noMi 


10*58 
15*72 
6*91 
10*25 
8*76 
8*00 
8*06 
5*87 
105 


Fat 


205 
2*60 
1-41 


Owbo- 
hydratei 


68  66 
71*49 
54*40 


62-85 


1*81 

74*70 

1*50 

38*20 

1-57 

82*49 

1*99 

89*89 

M7 

8-21 

Fibre 

A«h 

7*09 

2*57 

18-49 

4*70 

2*31 

2-06 

10*08 

2*60 

2-08 

1*93 

80*00 

18*0 

41*84 

504 

66*54 

616 

36-52 

4*98 

The  ^[reater  part  of  the  nitrogen  in  ripe  barley  straw  is  contained,  according  to 
0.  Schneider,  in  tne  leaf  and  leaf-sheath  ;  the  empty  ear  is  also  comparatiyely  rich  in 
nitiQgen.  In  the  true  stem  he  found  but  0*14  per  cent.  dT  nitrogen  in  the  dry 
subetonoe. 

Barley  grain  contains  on  an  ayerage  less  nitrogen  than  either  wheat  or  oats ;  the 
proportion  is  least  in  fine  malting  barley,  amounting  to  only  8  or  9  per  cent,  of 
albuminoids,  but  is  greater  in  the  inferior  samples  used  for  grin<Ung  into  meaL  The 
composition  of  barley-meal  is  the  same  as  that  of  the  barley  from  which  it  is  made, 
no  separation  of  parts  being  effected. 

Some  light  is  thrown  on  the  arrangement  of  the  constituents  in  barley  grain  by 
analyses  of  the  yarious  products  obtain^  in  making  pearl-barley.  In  this  manufiBctnre 
the  outer  layers  of  the  pain  are  snocessiyely  remoyeo.  The  first  product  contains  the 
btdk  of  the  chaff,  and  is  known  as  '  coarse  dust.'    The  second  product  consists  of  a 
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little  chaff,  and  the  layer  immediately  beneath  it ;  it  is  known  as  '  fine  dust.*  The 
grain  thus  denuded  of  dtaff  is  termed  Scotch  or  pot-barlej.  By  a  third  treatment  in 
the  mill,  pearl-barley  of  varioas  qualities  is  produced,  the  quality  being  higher  in  pro- 
portion as  the  grinding  is  carried  further.  The  matter  remoyea  at  t£s  period  of  the 
grinding  is  known  as  '  pearl  dust.'  One  hundred  parts  of  good  barley  yield  on  an 
ayerage  12^  of  coarse  dust,  lif  of  fine  dust»  25^  of  pearl  dust,  and  87|  of  p€«rl- 
barley,  the  remainder  being  lost  in  grinding.  The  following  analyses  of  tne  Tarioos 
TOoducts  were  made  by  j^rofessor  Church  upon  samples  fix>m  the  miLlB  of  Messn. 
Hays,  Xieith : — 


OoMMdnst 

Fine  dost 

Pieaildiist 

TmaABaAej 

Water  .... 

1418 

13-06 

13-38 

14-67 

Albuminoids 

6-97 

17-68 

1211 

7-82 

Fat      ...        . 

1-70 

6-00 

3-44 

116 

Carbo-hydrates    . 

46-88 

60*54 

67-18 

76-21 

Hbre  .... 

24-67 

8-68 

1-83 

•60 

Ash      .... 

6-70 

4-80 

2-16 

1-06 

It  is  eyident  that  the  layer  immediately  below  the  chaff  is  extremely  rich  both 
in.  albumincMids  and  fiat,  and  that  the  proportion  of  these  constituents  diminishes 
rapidly  towards  the  centre  of  the  grain,  wmch  contains  a  much  larger  proportion  of 
starch.  The  ash  follows  the  same  order,  and  diminishes  greatly  from  the  exterior  to 
the  centre.  Pearl-barley  eyidently  contains  only  a  yery  small  proportion  of  albumi- 
noids ;  in  a  second  sample  Church  found  only  6*22  per  cent.* 

The  embryo  of  barley  grain  is  singularly  rich  in  albumincMids  and  fat.  Haberland 
found  in  the  dry  germ  of  naked  barley  22*42  per  cent,  of  fat,  and  Lens^  in  similar 
germs,  6-0  per  cent,  of  nitro^n. 

The  nature  of  the  albununoids  in  barley  grain  has  been  inyestigated  by  Ereualer ; 
he  finds  them  to  be  a  mixture  of  gluten-casein,  gluten-fibrin,  mu<£din,  and  albumiiv 
the  last  being  comparatiyely  small  in  quantity.  Gliadin  is  a|>parenUy  not  present 
{Die  EHweisskorper  der  Gttreidearim^  104). 

[For  the  percentage  compodtion  of  the  fat  of  barley,  see  2fK{  Suppl.  607.] 

The  carbo-hydrates  of  barley  grain  are  at  present  under  inyestigation.  Kuhne- 
mann  (Deut,  Chem,  Gta,  Ber.sm.  389 ;  ix.  1386)  states  that  they  indude  aUeyorotatocr 
body,  sparingly  soluble  in  hot  water,  and  sepu»ting  as  a  turbidity  on  oooUng ;  it 
resembles  dextrin  when  dry.  To  this  body  he  has  giyen  the  name  sinistrin.  He 
also  finds  in  barley  a  crystallisable,  dextrorotatory  sugar,  not  capable  of  rednoiiig 
copper,  agreeing,  therefore,  with  sucrose  in  its  properties.  As  chemists  haye  generaUy 
empbyed  a  copper  solution  to  determine  the  sugar  in  grain,  the  quantitatiye  resnltii 
hitnerto  published  are  of  little  yalue.  Euhnemann  finds  no  dextrin  in  barley  grain. 
The  hordein  of  earlier  chemists  is  undoubtedly  a  mixture. 

The  following  table  shows  the  percentage  composition  of  the  ash  of  barley — sand, 
and  charcoal,  and  carbonic  acid,  if  present,  being  deducted.  The  mean  composition  of 
the  ash  of  barley^  grain  is  calculated  ftom  the  60  analyses  quoted  by  E.  Wolff  (AnAei^ 
Analf/sen,  17),  with  the  addition  of  1  by  Lenz,  and  10  unpublished  analyses  by  B. 
Bichter.  Tlie  analyses  of  the  ash  of  coarse  and  fine  dust  are  by  Anderson.  Two  of 
those  of  naked  barley  are  by  Bibra  and  1  by  Schulze.  The  analyses  of  straw  ash  are 
the  21  quoted  by  Wolff,  wim  8  unpublished  analyses  by  B.  Bichter.  The  analysis  of 
the  awn  is  by  Way.  The  analyses  of  the  entire  plant  are  1  by  Scheyen,  and  6  l^ 
Wolff 

*  The  total  anmmlnoIdB  meoont  in  vegetable  prodnota  is  oommonly  esoortained  tqr  mnltlpljing 
the  nitrogen  found  by  6*35 ;  Bitthansen,  howeyer,  points  ont  {JH4  SiwHUkOrper  der  €felrttdeantn, 
88S)  that  recent  inyestigations  into  the  composition  of  vegetable  albominoIdB  would  rather  lead  to 
the  factor  6*00  being  employed ;  the  nnmbera  given  above  shoold,  therefore,  possibly  be  redaeed  to 
the  extent  indicated.  AnotlMr  point  to  be  home  in  mind  is  that  a  part  of  the  mtarogen  ezJata  In  ottur 
fonns  than  albmninolda,  and  that  the  latter  are  on  this  account  always  reckoned  too  high.  Ohnroh. 
1^  his  earbolio  method,  found  that  7*9  per  cent,  of  the  total  nitrogen  in  the  pearl  barley  last  mentioned 
did  not  exist  as  albuminoids. 


S  '". 

~ 

Mil- 

K'O 

Sn'O 

<:to 

M(0 

fe-O' 

1"0' 

SO' 

ao- 

a 

B«lejer«in.mear.   . 

SI 

2-67 

21-35 

2-2S 

a-74 

8-86 

^ 

3S-19 

1'72 

36-10 

-ss 

highest  pereeotagos 

S09 

32-20 

6'00| 

435 

12-73 

393 

42'Se 

3-60 

36-73 

53* 

100 

U-3B 

none 

1-21 

6-00 

none 

2d01 

17-27 

Cosrae  doBt 

1 

5-83 

la-Bi 

1-40 

fi-Tl 

627 

1-89 

18-4S 

1-92 

48-73 

l-2i 

Fmednrt.        .        , 

2-33 

28-64 

1-P9 

2-39  12  06 

1-42 

60-16 

281 

Ssked  barley    . 

3 

2'13 

38-47 

1-84 

3-13  12  00 

1-94 

47'09 

2-89 

3 '64 

BnrUj  strav,  mean  . 

-:g 

485 

31-66 

4-24 

8-fiO 

3-48 

■82 

4-40 

4-00 

31-49 

3'2l! 

highest  pareenlagee 

7-12 

44-4B 

13-43 

13-10 

6-70 

2-91 

7-lu 

801 

68-60  IS'SlI 

lowest  pereenOigua . 

2-B7 

10'76 

1-03 

fi-S4 

1-31 

l»: 

-80 

32-11  none! 

Awn         .        .        . 

13-9S 

'Be 

10-fl7 

1-2B 

1-49 

3  03 

3-OS 

7220      88 

Entire  ripe  plnnl 

6 

6-78 

lfi-71 

1-23 

4-2B 

2-80 

■51 

10-74 

'■" 

.57-3S   2-48 

The  uh  of  barle;  gniD  differs  fiom  that  of  -wbwt  chieflj  by  reason  of  the 
iKtga  amount  of  dliea  contaiuBd  in  the  adhering  chaff;  the  ashea  of  naked  baiis;  and 
(rf'vheiit  are  quite  similBr  in  compoaition.  In  reapeet  of  it«propoi1ion  of  silica,  bailej 
hold*  an  intmnediatB  position  between  wheat  and  oati.  The  aah  analyue  of  coarse 
and  fine  dust  (the  latter  poasiblj  pearl  dait)  illustrate  the  difference  in  compoiiitioQ 
betveen  tha  exterior  and  inner  lajsn  of  ths  gnun  ;  the  former  is  rich  in  silica,  and 
cootaina  a  larger  proportion  of  lime  Uian  tJie  latter.  Silica  and  lime  are  commonlj 
mssociated  in  the  Tsgetable  wiirld  aa  the  iocruEting  matters  of  external  sur&ees.  The 
awns  attached  to  bula;  grain  are  seen  to  contain  a  large  proportion  of  aah,  nsarlj 
three  qnaiten  of  which  im  nlies,  lime  being  tha  next  preponderating  conatitnenL 

Ths  aah  of  barle;  straw  contains  more  potash,  rather  more  lime,  and  mnch  lesa 
■ilica  than  ths  ash  of  wheat  straw.  The  ashea  of  bnrlej  and  oat  itnir  are  qnite  limilai 
in  eomposition. 

It  mnat  be  Temllected  that  in  aahei  containing  much  silica,  aa  thoM  of  barle; 
pain  and  atiaw,  tha  chlorine  is  liable  to  be  nnder-«fljnut«d,  Mng  sipaUed  by  the 
•ilica  whan  the  temperature  of  incineration  has  been  high.  ScheTen  fouacl  con- 
■idenblj  more  chlonDa  in  the  sap  than  he  obtained  b;  incinerating  the  entire 
barln  plant.  The  mlphnric  acid  in  the  ash  also  baars  no  constant  relation  to 
that  in  the  original  plant.  The  total  anlphnr  praeent  in  barley  has  been  datermioed 
by  TBrious  chemists  with  very  different  resolta.  probably  depending  on  the  method 
employed.  Sorby,  by  boiling  the  fnA  substance  in  strong  nitric  add,  obtained 
0-O40  and  O'OSS  per  cent,  of  aulphur  in  two  apecimena  of  dry  barley  grain  ;  and  0*191 
and  0-390  per  Mnt  in  dry  Inrley  straw.  Wa^,  by  solution  is  strong  nitric  add, 
nantralisation  with  soda,  and  inoinentioo,  obtained  0-74-3-58  per  cent,  of  sulphur 
(mean  1-98),  in  tarious  specimens  of  air-diy  barley  grain  ;  mdO'M-l-Se  (mean  1-07}  in 
barley  straw.  £. 'Wolff  found  O'lSpar  cent,  of  aulphur  in  dty  grun,  andO-lOper  oent. 
in  dn  straw. 

llie  differenes  between  the  maiinnm  and  minimum  proportions  of  each  aib  con- 
•titaent,  as  shown  in  the  table,  is  ntrgrsaler  than  would  occur  in  biLrley  under  ordina^ 
Gultnra  1  the  ashea  which  chemists  have  analyaed  hare,  indeed,  fi«qnently  bees 
obtained  from  experimental  field  crops  grown  under  exaggerated  conditions  of  manur- 
ing. The  infiuence  of  manures  on  ^e  composition  M  barley  will  be  considered 
presently. 

The  chemical  life-biltar^  of  barley,  as  shown  by  ila  composition  in  various  stages 
of  growth,  baa  been  investigated  by  Fittbogen  find  Suppl,  123),  whose  eiperimenta 
;  andaUobySchevenfJ.  ~  ''' —  '-"■'   "■«  —■ '  "^  W"'" 

18A0,221,230),bothof  w 

Tho  following  is  a  summary  of  Scheren's  resnlta : 

lie  experimental  crop  was  harrsBted  at  five  periods  :  (I)  June  38,  (hirty-fonr  days 
aftar  sowing:  the  fbnrth  leaf  generally  developed.  (3)  July  1 7 1  full  bloom.  (3)  July  30; 
under  leaves  withered,  oars  be^nning  to  fill.  (4^  Augnst  8  ;  leawa  mostly  withered, 
ears  green.  (6)  August  21 ;  fully  ripe.  Omitting  the  fourth  period,  the  resnlta  of 
whicharoralherabaarmot,  the  compoaitionofthe  whole  plant  varied,  aa  shown  on  p.  146. 

The  percentage  of  water,  albumincuds,  and  ash  steadily  diminishes  aa  the  plant 
matures,  while  the  (nrbo-bydratea  as  steadily  increase.  Fibre  and  fat  (chiefly  waxy 
natter)  attain  tbeir  greatest  proportion  at  tha  time  of  blossom,  and  afterwards 
diminish.  Turning  now  to  the  rata  of  assimilation  by  the  crop,  as  shown  in  its  com- 
position per  hectare,  we  see  that  hut  little  of  nitrogen  and  ash  coostttuentl  is  taken 
ap  iiftfF  bloamiag,  tboagli  tb»  a  '       ' 


if  carbonaceoiu  matter  eoutinan  Ta'^\&\^  Vn 
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Percentage  composition  of  dry  sabstanoe 

Kilos  per  hectare 

I 

n 

III 

V 

I 

n 

111 

V 

Albuminoids 

Fat    . 

Carbo-hydrates  . 

Fibre 

Ash  .... 

19-38 
3-46 
37-69 
27-61 
11-97 

10-92 

3-89 

40-00 

37-71 
7-49 

9-39 

2-27 

44-97 

36-71 

6-67 

8-17 

1-34 

60-48 

33-80 

6-21 

277 
49 
636 
394 
171 

647 

196 

2006 

1890 

376 

568 

187 

2728 

2228 

404 

689 

97 

8639 

2486 

448 

Water  (in  fresh) 
Dry  substance    . 

84-26 
1676 

74-16 
26-86 

69-28 
30-72 

42-11 
67-89 

7633 
1427 

14377 
6012 

13656 
6066 

6243 
7209 

increase.    A  greater  proportion  of  hydrogen  and  oxygen  is  assimilated,  in  relation  to 
the  carbon,  in  the  latter  stages  of  growth,  starch  inst^  of  albaminoids  being  produced. 

Oarbon  Hydrogen  Oxygen 

Period  I.  100  13-4  72*8 

II.  100        12-8         84-9 

III.  100        17-8        166-6 
V.         100        19'1        166-9 


»» 


»» 


»* 


Assimilation  was  most  aetiye  just  before  blooming ;  in  the  nineteen  days  between 
the  periods  I.  and  II.,  half  of  the  total  diy  matter  of  the  crop  was  assimilated. 

Scheven  examined  separately  the  stem,  leaf,  and  ear  at  the  periods  abore  mentioned: 
the  percentage  composition  of  the  dry  matter  vaa  as  follows : — 


Stem 

Leaf 

Bar 

n 

m 

V 

n 

m 

V 

6-22 

2-98 

36-76 

44-77 

10-28 

n 

III 

V 

Albnminoids 
Fat   . 

Carbo-hydrates . 
Fibre 
Ash  . 

4*89 

3-06 

40-48 

46-84 

6-73 

4-44 

1-94 

43-37 

46-07 

618 

3-48 

•92 

31-78 

67-26 

6-67 

16-83 

6-71 
37-60 
30*62 
10-24 

9-99 

3-72 

38-72 

36-66 

10-92 

11-66 

2-47 
48-77 
32-62 

4-69 

11-93 

1-33 

56-83 

24-81 

600 

14-68 

1-23 

68-38 

10-99 

6-87 

Water  (in  fresh) 

75-70 

71-31 

66-49 

73-76 
1881 

66-47 
1252 

17-13 
1237 

69-11 

63-67 

82-50 

Dry  matter    in)    3216 
kilos  per  hectare  j    - 

2763 

2634 

914 

2039 

3436 

The  leaf  is  seen  to  contain  far  more  nitrogen,  fat,  and  ash  than  the  stem.  Nitrogen 
and  fat  diminish  in  both  stem  and  leaf  as  the  crop  matures,  while  fibre  increases.  A 
large  amount  of  the  nitrogen  and  ash  constituents  of  the  leaf  pass  apparently  into  the 
ear  as  the  grain  matures.  The  proportion  of  nitrogen,  and  of  carbo-hydrates,  increases 
in  the  ear  during  ripening,  while  the  fibre  diminishes ;  the  dianges  are  thus  nearly 
the  reverse  of  those  occurring  in  the  leaf  and  stem. 

The  ash  of  the  entire  barley  crop  varied  in  composition  during  growth  as  follows : — 


In  100  parts 

1 

In  kilos  per  hectare 

I 
3912 

n 

39^10 

III 
30-94 

IV 
22-83 

V 
19-06 

I 
66-9 

n 

1466 

m 

126-0 

IV 
lOM 

V 
91^1 

Potash 

Soda. 

1-30 

•72 

-89 

1-31 

2-20 

2-2 

2-7 

36 

5-8 

10-5 

Lime 

8-99 

6-70 

6-91 

4-43 

3-61 

16-8 

261 

21-9 

19-6 

16-8 

Magnesia  . 

2-86 

2-72 

2-81 

8-30 

1-81 

4-9 

10-2 

16-4 

14-6 

8-7 

Ferric  oxide 

•56 

•24 

•30 

-19 

-27 

1-0 

•9 

1-2 

•8 

1-4 

Phosphoric  acid . 

12-19 

10-64 

9-86 

12-22 

11-26 

20-8 

39-9 

39-8 

54-1 

588 

Sulphuric  acid  . 

4-49 

3-62 

8-90 

8-15 

2-87 

7-7 

13-6 

16-8 

14-0 

13-7 

Silica 

28-81 

36-23 

43-94 

50-70 

57-18 

49-3 

1321 

177-5 

224-6 

273-3 

Chlorine    . 

2-14 

1-43 
7-49 

1-51 

2-66 

2-41 

3-6 

5-4 

61 

11-4 

11-6 

Ash  in  dry 

11-97 

6^67 

1  6-99  \  6-2\ 

\no-^ 

Yn  b-^y^^i-^w*^-^  w^-x 

\ 
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The  whole  of  the  potash  required  by  the  plant  is  taken  up  at  a  very  early  stage ; 
mdeed,  after  blooming,  the  total  amount  of  potash  in  the  crop,  as  shown  by  the  second 
half  of  the  table,  seems  to  have  considerably  diminished.  The  assimilation  of  phos- 
phoric acid  is  more  gradual,  and  continues  to  a  oomparatiTel^  late  stage  of  growth. 
The  ash  constitaenti  which  exhibits  the  greatest  development  in  quantity,  both  relative 
and  absolute,  is  silica ;  it  forms  at  last  more  than  half  the  total  ash. 

Scheven  further  determined  what  proportion  of  each  ash  constituent  existed  in  a 
soluble  state  in  the  fresh  plant ;  this  he  did  by  extracting  the  finely  divided  plant 
with  oold  water,  and  then  analysing  the  ash  obtained  from  the  extract.  The  sihca  of 
the  plant  proved  almost  insoluble  in  cold  water.  Of  chlorine^  more  was  found  in  the 
extract  in  the  last  four  periods  of  growth  than  in  the  ash  of  the  whole  plant,  the  ex- 
cess ranging  from  27  to  87  per  cent. ;  the  chlorides  in  the  ash  of  the  whole  plant 
eridently  sufEared  loss  from  the  action  of  silica  at  a  high  temperature.  Omitting  the 
silica  and  chlorine,  88  per  cent,  of  the  other  ash  constituents  existed  in  a  soluble  form 
at  the  first  stage  of  tne  experiment ;  this  proportion  was  reduced  to  about  66  per 
eent  by  the  foi»th  period,  but  rose  to  76  per  cent,  when  the  plant  was  fully  npe. 
This  great  increase  in  the  solubility  of  the  ajh  constituent,  when  the  stem  and  leaves 
had  iMoome  withered  and  ceased  to  exercise  any  living  function,  is  very  remarkable. 
Phosphoric  add  and  magnesia  showed  the  greatest  diminution  in  solubility  as  maturity 
advanced,  but  even  here  the  solubility  rose  again  in  the  last  period.  The  watery 
extract  contained  much  less  sulphuric  acid  than  was  found  in  the  ash  derived  from  it. 
Sulphur  compounds  were  evidently  converted  into  sulphates  during  the  ignition.  The 
ash  of  the  watery  extract  was  also  rich  in  carbonates,  which  rea<med  their  maximum 
in  the  second  stage ;  no  carbonates  were  found  in  the  ash  of  the  whole  plant,  save  a 
■mall  quantity  in  Uie  first  period,  the  silica  displacing  the  carbonic  add  during 
ignition. 

The  capacity  of  any  crop  for  obtaining  the  various  kinds  of  food  which  it  requires 
from  the  soil  and  atmosphere,  on  a  knowledge  of  which  its  economic  treatment  by  the 
former  depends,  can  be  ascertained  only  by  careful  and  long-continued  experiments  in 
the  field.  Por  information  on  this  head  regarding  barley  we  turn  to  the  experiments 
of  Lawes  and  Gilbert  at  Rothamsted  (Jottr,  Roy,  Agri.  Soc.,  1873, 89,  276).  Chevalier 
barley  has  been  grown  continuously  on  their  experimental  field  since  1862,  the  whole 
cf  the  crop  being  annually  removed  from  the  land.  The  average  produoe  obtained 
per  acre  during  the  first  twenty  years  on  a  few  of  the  more  characteristic  plots  is 
shown  in  the  following  table :  — 


Mannret  per  acre 


No  manure 

If  ized  dnereals 

Ammonium  salts  200  lbs. 

Ammonium  salts  200  lbs.  with  alkali-salts 

Ammonium  salts  200  lbs.  with  super- > 

phosphate > 

Ammonium  salts  200  lbs.  with  mixed^ 

cinereals j 

Bape  cake  (mean  1300  lbs.)    . 
Farmyard  manure,  14  tons 


Dreiaed 
com 


Straw 


Total 
produce 


Ihe. 
2464 
3162 
3919 
4317 

6760 

6817 

6671 
6933 


Com 
tolOO 
straw 


86-6 
96*4 
89-2 
86-3 

86-8 

83-2 

87-8 
88-6 


Weight 

per 
bushel 

of 

dzeaaed 

com 

Produoe 

or 

second 

10  yean 

oreror 

under 

flXBtlO 

years 

Ibe. 
62-3 

percent. 
-23-6 

63-4 

-20  2 

621 

-0-7 

62-8 

-6  3 

63-6 

+  2-7 

640 

-•3 

63-8 

64-3 

+  14-8 

The  alkali-salts  employed  as  manure  consist  of  the  sulphates  of  potassium,  sodium, 
and  magnesium.  The  mixed  dnereal  manure  is  composed  of  alkui-salts  and  super- 
phosphate.   The  ammonium  salts  are  a  mixture  of  equal  parts  sulphate  and  chlonde. 

The  results  quoted  above  teach  us  that  with  barley,  as  with  the  other  cereals, 
the  ordinary  supply  of  combined  nitrogen  from  the  atmosphere  is  quite  insufi^cient  for 
vigorous  growth,  and  that  to  maintain  crops  of  average  luxuriance,  nitrogenous  manures 
are  indispensable.  The  atmospheric  supply  of  carbon  is,  on  the  other  hand,  quite 
■ufi&dent  for  the  crop.  We  learn,  further,  the  great  effect  of  phosphates  on  the 
crop,  and  the  small  effect  of  alkali-salts,  resulting,  doubtless,  from  the  greater  oapacitv 
of  the  crop  for  appropriating  soil  potash  than  for  appropriating  soil  ^osphoric  acid. 
With  wheat,  alhui-Mlt^,  applied  with  phosphates  and  ammonxa,  pToduea  «k  m\L<c^ 
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greater  effect  than  with  barley.  Fhosphatic  manures  fayour  the  early  ripening  of 
barley  when  applied  to  land  in  fair  condition. 

Barley  has  apparently  a  distinctly  greater  power  of  appropriating  soil  nitrogen 
than  wheat ;  this  is  shown  by  the  greater  produce  of  barley  crops  receinngno  nitrogen, 
the  greater  return  for  the  same  quantity  of  nitrogen  supplied  in  manure  (2nd  St^pl., 
780),  and  the  greater  use  made  hy  barley  of  the  residues  left  in  the  soil  from  prerioni 
manuring.  With  barley,  as  with  wheat,  nitrates  yield  a  somewhat  better  return  than 
ammonium  salts  supplying  the  same  quantity  of  nitrogen.  The  nitrogen  of  rape  cake, 
existing  in  the  form  of  albuminoids,  is  nearly  equal  in  manurial  value  to  the  nitrogen 
of  ammonia,  127  parts  of  nitrogen  supplied  as  rape  cake  being  equal  in  effect  to 
100  supplied  as  ammonia,  when  both  manures  are  applied  with  cinereals.  The  nitrogen 
of  fjBorm-yard  manure  has,  on  the  other  hand,  a  far  lower  value  than  the  nitrogen  of 
ammonia,  dung  containing  about  200  lbs.  of  nitrogen  producing  a  crop  little  larger 
than  that  yielded  by  41  lbs.  of  nitrogen  applied  as  ammonium  salts,  with  super- 
phosphate. 

Barley  has  shorter  roots  than  wheat  or  rye,  but  is  shown  by  the  Rothameted 
experimuntfi  to  have  a  great  power  of  collecting  food  from  the  surface  soiL  This 
power,  conjoined  with  its  faculty  of  early  ripening,  makes  it  an  extremely  valuaUe 
crop  for  many  soils  and  climates. 

For  the  influence  of  manures  and  season  upon  the  composition  of  barley,  we  must 
refer  again  to  the  long-continued  Rothamsted  experiments.  The  following  table  shows 
the  percentage  of  nitrogen  in  dry  barley  grain  and  straw  grown  under  different  con- 
ditions of  manuring  in  Uie  years  1862-67 : — 


MannreB  per  aoro 

Nitrogen  In  dry  grain 

Nitrogen  In  dry  straw 

Higheat 

per- 
centage 

Lowest 
oentage 

Average 
of  six 
jean 

Higheat 

per- 
centage 

Lowest 

per- 
centagt 

Average 
of  six 
yean 

Cinereal  manures  only 
Cinereals,  and  200  lbs.  ammonium  salts 
Cinereals,  and  400  lbs.  ammonium  salts 
Cinereals,  and  2,000  lbs.  rape  cake     . 

1-73 
1-81 
2-14 
2-08 

1^41 
1-48 
1-84 
176 

1-67 
1-70 
200 
1-88 

•63 
•54 
•71 
•69 

•37 
•42 

•67 
•46 

•46 
•49 
•63 
•53 

The  ammonium  salts  supplied  respectively  41  lbs.  and  82  lbs.  of  nitrogen  per 
acre,  the  rape  cake  about  96  lbs.  It  is  seen  that  when  nitrogenous  manures  are 
employed,  the  proportion  of  nitrogen  both  in  grain  and  straw  is  considerably  increased, 
the  efifect  of  ammonium  salts  being  especially  marked.  The  percentage  of  n  trogen 
in  barley  is  more  influenced  by  the  amount  of  nitrogenous  food  at  its  di^>0Bal  than  is 
the  case  with  either  wheat  or  oats. 

The  next  table  shows  the  influence  of  manure  on  the  percentage  of  ash  yielded  by 
dry  barley  grain  and  straw ;  the  results  given  are  now  published  for  the  first  time, 
by  the  kind  permission  of  Messrs.  Lawes  and  Gilbert : — 


Percentage  of  Ash  in  dry  Barley  Grain 

Mannre 

Higheat 

percentage 

In  twenty 

years 

Lowest 

percentage 

in  twoity 

years 

Average  of 

first  ten 

years 

Average  of 

second 

ten 

years 

Average  of 

twen^ 

years 

18fiS-71 

Ammonium  salts 

• 

2-48 

*2^01 

2-32 

219 

2-25 

No  manure 

.         . 

2-73 

2-39 

2-61 

263 

2-62 

Mixed  cinereals 

.         . 

2*81 

2*41 

2-62 

261 

2-66 

Cinereals  and  ammonium  salts  . 

2-66 

2-27 

2-47 

2-51 

2^49 

Farmyard  manure     . 

Feroentag( 

2-87     I     2-27 
)  of  Ash  in  dry  Barley  S 

2-63 
traw 

2-67 

?66 

Ammonium  salts 

•                   • 

6-42 

3-67 

4-76 

4-67 

471 

No  manure 

•                  • 

617 

423 

6-21 

6^18 

619 

Mixed  cinereals 

•                   • 

6-96 

6-09 

6-67 

610 

6-88 

Cinereals  and  ammonium  salts  . 

6-70 

4-19 

6*38 

6-71 

664 

Farmyard  manure 

•                   • 

766 

4*53 

6-50 

6^18 

6-84 
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The  percentage  of  aah  in  the  plant  is  cleariy  in  nenced  by  the  extent  of  the  sup- 
ply furnished  by  the  soil.  The  plot  uniformly  manured  with  ammonium  salts,  but 
receiving  no  ash  constituents  during  twenty  years,  is  the  one  where  exhaustion  of 
cinereal  matter  has  been  greatest ;  here  the  proportion  of  ash  is  least  both  in  com 
and  straw,  and  this  proportion  has  diminished  during  the  experiment,  being  loss  in 
the  second  ten  years  than  in  the  first.  The  plot  receiving  cinereal  manures  only,  and 
that  supplied  with  farmyard  manure,  are  those  in  which  the  supply  of  cinereal  food 
is  most  excessive ;  here  the  proportion  of  ajh  in  corn  and  straw  is  at  its  maximum, 
and  the  proportion  has,  in  most  cases,  increased  during  the  course  of  the  experiment. 
The  quantity  of  ash  in  the  straw  is  plainly  more  subject  to  variation  than  that  in  the 
grain.  The  differences  due  to  season,  as  shown  by  the  difference  between  the  highest 
and  lowest  percentages,  are  greater  than  those  due  to  the  character  of  the  manures 
employed. 

Wnen  we  next  turn  to  the  composition  of  the  ash,  we  find  that  it  is  influenced  to 
some  extent  by  the  nature  of  the  ash  constituents  at  the  disposal  of  the  crop.  In 
the  following  tables,  some  selected  analyses  are  given  of  the  ash  of  barley  gram  and 
straw,  govn  &t  Bothamsted,  in  the  course  of  the  continuous  experiments  with  this 
crop.  The  analyses  are  by  B.  Bichter,  and  are  now  published  by  Messrs.  Lawes  and 
Gilbert's  kind  permission : — 

JPercmiaff$  CkmposUion  of  the  Ash  of  Barley  Grain  wtrioualp  Manured, 


18M 

1871 

Ammo- 
nlom 
Mdts 
atone 

No 
manure 

Farmyard 
mantne 

Ammo- 
nlun 
aalts 
atone 

No 
manure 

Farmyard 
manoxe 

Pure  ash  in  dry  com 

2-26 

2-36 

2-48 

2*31 

2-60 

2-86 

Potash 
Soda     . 
Lime    . 
Magnesia 
Ferric  oxide 
Phosphoric  acid    . 
Sulphuric  acid 
Chlorine 
Silica  . 

24-78 

1-03 

4-36 

9-09 

•78 

39*74 

2*27 

•04 

17-98 

26*68 

•77 

8-76 

8*67 

*82 

40-64 

218 

•08 

17-67 

23-76 

•22 

3-87 

8-76 

86 

41-98 

1-49 

03 

19-07 

20-76 

2-23 

3-40 

8*21 

*36 

31*76 
2*26 
3-69 

19-18 

29-62 

1-32 

2-94 

7-79 

•60 

34*46 

2*27 

1*78 

19-86 

29-37 

•40 

2-23 

7-78 

•31 

36-89 

1-66 

•31 

21*12 

JPercmtage  Composition  of  the  Ash  of  Barley  Straw  varioudy  Manured. 


Pure  ash  in  dry  straw  . 

3*46 

4-29 

4-68 

6-42 

6*96 
19-79 

7-42 

Potash          .... 

11*06 

12-23 

14-44 

17-36 

29-65 

Soda     . 

3-64 

2-48 

103 

13-42 

608 

2-65 

lime    . 

11-83 

12-30 

10-61 

10-06 

10-48 

6-62 

Magnesia 

2-61 

2-44 

1-07 

200 

2*04 

1*31 

Ferric  oxide . 

1-46 

2-91 

1-23 

-36 

-81 

•31 

Phorohoric  acid    , 
Sulphuric  acid 

6-80 

607 

6-26 

1-89 

3-30 

3-79 

4-76 

4-70 

3-20 

4-67 

676 

3-30 

Chlorine 

1-98 

1-82 

-98 

15-31 

7-23 

12-10 

Silica   . 

67-32 

66-84 

60-61 

38o0 

4620 

4310 

The  analyses  selected  relate  to  two  years,  which  are  especially  characterised  by  a 
low  and  high  proportion  of  ash  in  the  crop ;  the  results  thus  illustrate  the  effects  of 
season  as  well  as  that  of  manure.  Looking  first  at  the  composition  of  the  ash  in 
1871,  the  twentieth  year  of  the  experiment,  we  have  before  us  the  effect  both  of 
great  exhaustion  and  abundant  supply  of  cinereal  food.  On  the  plots  receiving  re- 
spectively ammonium  salts  alone,  and  no  manure,  the  soil  has  been  greatly  exhausted 
of  ai^  constituents,  especially  on  the  first-named  plot ;  while  the  plot  manured  with 
farmyard  manure  has  received  annually  far  more  of  ash  constituents  than  was  re- 
moved in  the  produce.    The  percentage  of  total  a8h,  both  in  com  and  straw,  is  seen 
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to  yarj  with  tbe  mpplr  foFuishecl  b;  the  soil,  the  p«rceatsge  iu  tho  gnun  Uiiug  mora 
ODifoEin  dioD  that  in  Uio  sCrav.  Tho  detBiled  componition  of  tho  gnun  uahes  U,  hotr- 
eritr,  Tory  sitnilar,  notwithstanding  tba  wide  difforoncoin  the  chnracter  of  the  muiures. 
PhoBpboric  acid  is  tbe  only  ingrcdjeot  of  the  grain  ash  which  is  foand  in  distiucll^' 
(inuUer  propoction  in  the  produce  of  the  eilianiitiid  land.  The  ash  of  the  Btrav  iihow* 
tbe  >B)neeTideacoof  pibnastion  of  pboephoric  acid  on  those  plots  where  iioue  bos  bn-n 
applied,  tint  besides  this  exhibits  a  striking  diminution  of  potash,  and  substituUon  of 
soda,  where  Blkalia  have  been  withheld  from  the  orop.  In  both  etrav  and  grain.  tloKo 
inoreese  of  chlorine  is  obserrod.  wbere  chloride  of  ammonium  has  been  eioplojed;  id 
the  Ktaia  the  chlorine  is  probably  confined  to  tbe  adhering  chaff.  It  appeura  on  tbu 
whole,  that  tba  ash  of  barley  gmin  is  afiecled  more  in  amount  than  id  compositioa 
by  a  large  or  email  Bupply  of  sab  oonstitnen(«  in  tbe  soil ;  phosphoric  acid,  in  thin 
iastancs  before  us,  is  tho  oolv  Lagmdiont  distinctly  altered  in  prapartiDn.  The  ash  of 
the  »traw  is  much  mora  vnnablo,  both  in  amount  and  compoBition,  the  proportion  of 
alkalis,  chlorine,  and  phoaphorio  acid  being  greatly  dependent  on  the  supply  afforded 
by  the  soil. 

The  asb  analyses  of  18&S  belong  to  a  mach  earlier  stage  of  tbe  experiment,  when 
both  the  oxhauBtion  and  accumulation  of  ash  eonetituenta  was  for  amallpr  than  in 
1871 ;  comparing  tbaaa  analynoa,  howovor,  among  tbomsalTOS,  differences  will  be  par- 
cfived,  similar  to  those  already  noticed,  though  smaller  in  amount.  When,  howoTer, 
wo  contrast  the  reaolts  of  18SS  with  thote  of  1H71,  th«  difibrencea  observed  arc  very 
strikjng.  The  total  aab  in  18Ge  is  smaller  tbaa  in  1S71,  and  contnins  a  smaller  pro- 
portion of  alkalis  and  chlorine,  and  a  larger  proportion  of  lime,  magneain,  and 
pboephoric  add.  In  the  groin  these  diffiioncos  ani  confined  to  moderate  lintite,  but  in 
the  straw  they  become  extremely  large,  tbe  nlkuHs  in  1S56  being  only  oce  halt  and 
tbe  phoaphoric  acid  about  double  that  present  in  1B7I.  while  the  chlorine  is  aSected 
to  an  even  greater  extent.  These  striking  voriaCionH  ore  due  to  diSerencea  in  tba 
climate  of  tbe  two  seasons,  IS£i6  and  1871.  and  deuumd  a  brief  consideration. 

Certaio  general  ruLes  govern  the  proportion  of  ash  which  will  be  found  id  crop* 
grown  in  different  sensoaa.  Other  tbinga  being  pqmil,  the  proportion  of  Oihwillbe  lower 
BB  the  crop  is  larger,  and  more  perfectly  metuicd.  In  a  fin<;  season  ii  mnch  larger 
amount  of  carbon  la  ossimilatad  by  the  crop  than  in  a  bad  season,  and  the  percencagn 
of  uh  is  coougaentlf  diminished.    Thos,  &a&  rule,  ve ll-ma lured  graiu  having  a  high 

weight  perbnahol,  mil  yield  loaa  oah  than  grain  of  an  inferior  bihsod.  having  a  lowtr 
weight  per  bushel.  This  general  rale  may,  however,  be  entirely  overridden  by  special 
cirGumstancea  connected  with  the  season.  Barley  appears  especially  subject  to  such 
inflnenoes,  and  (he  twen^  years'  eiperimeata  at  Itothamsted  do  not  always  show  ii 
low  aob  associated  with  a  high  weight  per  bushel,  but  frequently  the  reverse,  and  a 
most  striking  example  of  this  is  afforded  by  the  reanlta  obtained  in  1B96  and  1871. 
In  1866  the  total  crop  produced  by  farmyard  manure  was  scarcely  mora  than  half  that 
vielded  in  1871.  tho  weight  psr  buabe!  of  tbe  corn  was  oiJy  47'1  lbs.,  while  in  18Tt 
It  reached  6S'Glbs.;  ISSg  was  tlina  pru-emioenCly  a  bad  eooson,  while  1871  wsa 
above  the  average.  Yet  we  have  already  seen  tbaC  1856  waa  a  year  of  mtuimtim  ash 
eontentg,  while  in  1871  the  ash  was  at  a  maximum,  a  result  directly  contrary  to  tho 
general  principle  stated  above. 

A  study  of  the  Rothamsted  results,  (ogetber  with  the  meteorology  of  tbe  respective 
seasons,  bas  led  the  writer  to  conclude  that  tbe  kind  of  weather  expcFieoced  at  two 
epochs  of  the  life  of  the  crop  bas  a  preponderating  effect  on  the  percentage  of  ash  iu 
the  produce.  If  an  excess  of  rain  occurs  in  the  middle  of  summer,  when  the  green 
crop  is  at  its  greatest  bulk,  and  transpiration  of  wut«r  most  active,  a  considerable 
umouDt  of  soluble  aab  coostituenta  will  bo  tokeo  from  th'?  soil  by  the  crop.  If  Ihia 
excess  of  rain  is  followed  1^  diy  weather  as  the  straw  begins  to  wither  and  tho  grsiu 
ripens,  these  soluble  ash  constituents  will  be  retained  by  the  crop,  and  the  produce 
will  yield  a  maximum  percectaga  of  ash,  rich  in  alkalis  and  chlorine.  Such  a  seasoa 
was  that  of  1871.  If,  on  the  ci>nCrury,  tho  middle  of  summer  is  dry,  the  amount  of 
nab  constituonta  taken  up  by  the  crop  will  be  smaller ;  and  if  tbe  ripening  and 
harvest  period  are  wet.  a  considerable  proportion  of  the  chtnridea  and  solable  alkali 
salts  are  apparently  washed  out  from  the  straw  and  the  chaff  of  the  grain,  leaving  a 
low  percentage  of  ash  rich  in  silica.  Such  a  wet  harvest  w.is  Hiat  of  1868.  These 
genual  conclneions  need  the  t«st  of  a  wider  experience ;  they  oipluin,  however,  the  re- 
sults observed,  and.  as  for  as  tbe  washing  out  of  soluble  salts  from  the  dead  straw 
and  chaff  daring  a  wet  hatvoat  is  concerned,  ore  in  accordance  with  tbe  observatipna 
of  Schoven  already  noticed. 

An  average  crop  of  barley  of  40  bashela  of  corn,  at  52  lbs.  per  biiahe],  and  2H7 
lbs.  of  straw  (85  corn  to  100  straw),  wilt  remove  from  the  Und,  in  lbs.  per 
a 6ou t  tilo  foUo wing  quantities  of  nitrogen  and  ash         -■-       - 
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Nitro- 
guii 

KH) 

Na«0 

CaO 

1-3 
8-6 

MgO 

Fo'CP 

v*<y 

S0» 

a 

SiO> 

120 
615 

Totiil 
ii8h 

Grain 
Stiaw 

35 
12 

9-8 
21-6 

31-4 

1  -0 
4-2 

40 
2-6 

•4 

•8 

16-2 
4-4 

•8 
40 

•4 
3-2 

3-6 

46 
100 

Total. 

47 

6-2 

9-8 

6-6 

1-2 

20-6 

4-8 

63-5 

146 

.WOOD.    See  Baphia  (p.  140).  B.  W. 

rTAf-OSBBV.  To  prepare  this  ^gment,  2  parts  of  finely  powdered 
manganeM  dioxide  are  gradnallj  introduced  into  a  fased  mixture  of  2  parts  of 
potassium  hydrate  and  1  part  of  potassium  chlorate,  and  the  mass  is  heated  to  low 
redness,  left  to  cool,  powdered,  treated  with  cold  water,  and  filtered.  Barium  nitrate 
is  then  added  to  the  filtrate,  and  the  yiolet  barium  manganate  is  washed,  mixed  with 
I  to  1  part  of  barium  hydrate,  and  heated  to  low  redness  in  a  copper  basin,  till  it 
assumes  a  pure  green  colour.  Lastly,  it  is  powdered  and  treated  with  water  to  remove 
free  barium  hy£ate. 


This  mineral  occurs  in  the  Habachthal  in  Salzburg.  It 
crystallises  in  the  rhombic  system,  the  faces  ooP  and  OP  being  distinct,  and  the 
latter  fiEUse  having  a  pearly  lustre.  Cleavage  very  distinct,  parallel  to  OP,  by  which 
it  can  be  obtained  in  very  thin  fiexible  laminse.  The  mineral  is  mono-axial,  and  is  gene- 
rally analogous  to  potash-mica.  Colour  white ;  colourless  in  thin  laminae.  Hardness 
1'5 ;  ro.  gr.  2*83  at  10^  C.  Easily  fusible  before  the  blowpipe  to  a  white  enamel. 
On  bouine  with  sulphuric  and  hydrochloric  acids  it  is  slightly  attacked  but  not  de- 
eaoQuposef    Analysis  gave : — 

[nO.      UgO.      BaO.      GaO.       KK).      HK). 

»    10018. 

Not  the  slightest  trace  of  sodium  could  be  detected,  even  by  the  spectroscope  (Sand- 
bezger,  Jakrb.f.  Mm.  1876,  p.  625). 


SiO>. 

A1*0». 

SM). 

MnO. 

MgO. 

BaO. 

GaO. 

K"0. 

H«0. 

49-44 

2605 

202 

0-29 

303 

5-76 

1-81 

7-64 

4-24 

On  the  Basalto  of  Styria,  see  G.  Untclg  (Jahrb,/,  Mn.  1873,  321 ; 
Ckmn,  8oe,  J,  [2],  xi.  1115). 

On  the  occurrence  of  Zeolites  in  the  Basalt  of  the  Limperichkoff  at  Asbach,  see  A. 
Weiss  {Jakrb.f.  Min.  1873,  319;  Chem.  8oc,  J.  [2],  xi  1116). 

On  the  Basalt  and  Hydrotachylyte  of  Bossdoif,  Darmstadt,  see  Petersen  {J.  w. 
Chem.  [2],  vii.  152  ;  Chtm.  8oc.  J.  [2],  xi.  1211).    * 

On  the  Basalt  of  the  SchifiTenberg  :  Winther  {Jakrb.f.  Min.  1877,  p.  102). 

On  the  action  of  a  Basaltic  Magma  in  the  state  of  Igneous  Fusion  on  cnrstals  en- 
closed in  rocks  and  minerals,  as  observed  in  the  lavas  and  basalts  <»f  the  Lower 
Rhine,  see  J.  Lehmann  {Jakrb.f.  Min.  1874,  431). 

TUanium  and  Vanadium  in  BoiolU. — Titanium  occurs  in  the  basalts  of  Clennont 
Fenand,  Auyergne,  in  larger  proportion  than  in  any  basalt  hitherto  examined.  The 
lowrest  percentage  obtained  in  ten  analyses  was  0*707,  and  the  highest  2*378,  Uie 
mean  being  1*501.  The  titanium  is  best  determined  sj  follows : — The  basalt  is  fused 
with  sodium  carbonate,  the  cooled  mai^  dissolved  in  hydrochloric  acid,  the  solution 
evaporated  to  dryness,  and  the  silicic  add  dehydrated  as  usual.  The  whole  is  then 
boiled  with  dilute  acid,  and  the  nlica  filtered  off:  both  precipitate  and  filtrate  con- 
tain titanium.  The  silica  is  ignited,  and  then  treated  with  warm  oil  of  vitriol  for 
seTenl  hours.  The  pure  silica  is  left  insoluble  after  this  operation,  and  the  titanium 
is  precipitated  from  Uie  solution  bv  ammonia.  The  original  filtrate  from  the  silica  is 
boiled  with  sodium  sulphate,  sulphuric  acid,  and  sodium  thiosulphate.  The  impure 
titanic  oxide  is  gently  ignited,  then  mixed  with  that  obtained  from  the  silica,  and 
the  whole  is  digested  in  a  sealed  tube  with  warm  concentrated  hydrochloric  acid.  The 
residue  is  titanic  oxide. 

The  percentage  of  vanadic  oxide  in  the  same  basalts  varied  from  0*006  to  0028, 
the  mean  being  0*014  (V.  Boussel,  Compt.  rend.  Ixxvii.  1102). 


On  the  combining  proportions  of  Bases  and  Acids,  see  Acms  (p.  37). 
On  the  division  of  a  Base  between  two  Acids,  see  Chbxical  Acriuir  {2nd  Suppl. 
286). 

See  2nd  Suppl.  125. 

FaguB  st/haHea. — Beech  leaves  yield  a  fragrant  decoction,  and  100 
parts  of  the  dry  leaves  give  20*8  parts  of  a  fiuid  extract,  which,  when  burned,  yields 
2*44  parUi  of  ash  containing  a  notable  proportion  of  manganese.  The  total  percenttige 
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of  ikih  from  tho  dried  leares  ia  462,  of  which  3  purU  ore  soluble  to  uuter,  aai  ', 
part*  ioaolable  (WanJcljiii  Ciein.  Xrvt.  xiiii.  ISS). 

3tecli-blighl.~-The  hteeh  traea  Id  Westfibalia  vore  attiicked  >D  1872  bj  a  ncrw  ] 
form  of  blight,  vhioh,  commvociag  on  the  burk.  finally  covers  Che  tree  with  a  mow- 
white  down,  (iroduciog  eieknesii,  uid  somptiines  desTh.  Tbo  microscope  ibowa  thle 
blighl  to  eonBJet  of  fine  Chrewla,  ataaag  irhicb  occura  a  ematl  jaeect,  sppomilJ;  lui  I 
DDdewribed  apccioB.  Theae  threads,  which  are  aecroted  tj  the  iasect,  eonnel 
wax,  which  han  a  melliiu;  point  of  7S°-8('''t  and  contAina  carbon  81*30  per  crni. 
hydrogea  13  08,  oxjgen  S*ti3,  Both  compogition  and  melting  point  are  rcr;  DOBF  to 
those  of  Chineeo  wax.  The  wax  was  partly  eaponified  by  potash,  and  on  slukias  up 
the  nsnlting  soap  with  ether,  a  subntance  was  obtained  melting  at  40°-itl'S°,  eoLidi- 
fying  at  60°-48'',  and  containing  carbon  76-21,  hjdrogon  12-21,  oxygen  ll-fiS.  The 
soap  yielded  an  acid  meltingnt  51°-53°,  solidifying  at  60°-49'',  and  ooatainiDg  cubuD 
77-88,  hydnigen  12-31.  oxygen  9-81.  The  onsaponified  portion,  which  must  hare 
been  richer  in  ciirbon.  melted  at  IIC-HS"  (J.Kdnig,  iandlD.  Vtrnui^SlaliiMeH,  »— ' 


BBBK.  Mnau/ocfure  0/  UnaUtrabU  ^eer.— The  liability  of  bner  to  tnm  sour, 
ropy,  &c.,  is  dne  to  the  presence  of  special  ferments  derived  from  the  air,  and  from  iha 
materials  used.  By  boiling  the  infusion  of  malt  and  hops,  fooling  out  of  conUct 
with  air.  and  fenneflting  with  pnie  yeast  in  vessola  to  which  only  cai-bonie  acid  or 
pure  air  is  admitted,  a  beer  is  produced  of  superior  quality,  wluoh  may  be  preserved 
-without  trouble  for  any  time.  Even  a  partial  adoption  of  these  precautions  is  al- 
tended  with  TaluaUo  reBulta.  In  preparing  pnra  yeast  U>  atart  with,  advantage  may 
be  taken  of  the  fact  that  oxygen  favours  tho  growth  of  true  yeast,  but  hiadere  the 
propagstioo  of  the  other  ferments.  Puce  jeast  being  obtained,  the  beer  ia  afterwards 
fermented  in  an  atmosphere  nearly  destitute  of  oxygen,  as  ita  quality  ll  tbereby  im- 
proved. Pore  yoaat  when  liept  in  pure  air  undergoes  no  change,  even  at  Hnmrnrr 
temperatures.  The  JHycoderma  vini  does  not  become  changed  into  beer-yeast  on 
aubmersioo  in  a  nutntiva  finid;  nnder  these  circnmstaacea  it  sets  aa  an  alooholie 
meat,  bnt  does  not  propagate  itself  (Pasteur,  Compt.  rrnd.  Ixxvii.  1140). 

Hirecbberg  {Anh.  I'iana.  [2],  d.  4S)  finds  tliut  the  addition  of  a  smalL  quantity 
of  bone  acid  Ui  beer  retards  ita  tendency  to  become  '  hard.' 

On  the  manufacture  of  Beer  from  Beetroot,  ace  F.  Coolos  [Dingl.  pot.  J,  ccx.  478  ; 
Oiem.  Soe.  J.  [2],  xii.  726), 

Detection  of  Foreign  BUtert  tn  Bar.— A..  Dragendorff  (Jrc*.  Pftorm.  [3], 
.ii.  298  ;  iv.  380),  has  examined  the  reactions  of  the  following  substances,  nsed  more 
or  lees  frequently  to  give  bitterness  to  beer:  Quassia,  Ledum  paluttre,  absinthe, 
JHenjfanlhei  tri/oliala,  Cmeun  benedictKi.  Bn/thraa  Cpilavrium.  gentian,  willow-bark. 


« 


acid,  colooyntb,  Cocadiia  iudicut,  mlchicimi  seeda,  Daphne  Metemrm,     ^^| 


Caimevm  antmum,  BeUadnmui,  Hyatcsamui,  Nnx  vomica,  and  juniper  berries. 
Allowing  are  the  general  methods  of  detection  employed  : — 

I.  SOO-I.OOO  c,c.  of  beer  are  evaporated  to  a  aympy  conaislenca  on  llie  water- 
bath,  and  then  Treated  with  3^  volumes  of  alcohol,  as  free  as  possible  from  fnsel-oil, 
and  the  nuxtnre  is  allowed  to  stand  twenty-four  hours.  The  whole  ia  then  filtered  ; 
tits  alcohol  is  dietillsd  off  from  the  filtrato ;  and  the  lesidual  liquid  is  ogain  flltfind 
after  standing  foe  12-20  hours  in  the  cold.  A  few  drops  of  dilute  sulphuric  add  ara 
then  added;  the  whole  ia  agitated  with  petroleum  ether  ;  and  the  supernal  an  C  petroleum 
layer  is  washed  with  water,  filtered  throngh  dry  filtei^paper  go  aa  to  remove  the  last 
traces  of  water,  and  evaporaled  to  dryness  on  several  watch-gloaaes  by  spootaueoaa 
evaporation.    Tho  aqneoos  acid  liquor  is  then  agitated  with  b^ixcne  and  with  ohlom- 

Q»d  then  agoiu  with  benzene,  after  addition  of  ammonia  to  liberate  alkaloids ; 
1  from  willow-bark  is  extracted  by  agitating  the  aqueons  liquor  with  amyljo 
alcohol. 

II.  600-1,0(10  cc.  are  heated  tQl  moat  of  the  diaeolved  carbonic  acid  is  driven 
oif ;  alter  cooling,  basic  lead  acetate  ia  added,  till  uu  further  precipitate  is  formed  ; 

"luted  Bill phs 


1^ 
alter  standing  for  some  honrs  the  whole  is  filtered :  and  diluted  sulphnrie  add  is  then 
added  to  throw  down  the  eiceas  of  lead :  if  the  filtrate  bus  a  bursh  or  bitter  tasts, 
the  beer  is  suspicious.  Tho  whole  is  then  evaporated  on  the  water--bath  (sftec 
neatmlisation  by  ammonia)  as  quickly  ea  possible,  until  only  1SO-2D0  cc  are 
left,  aud  then  treated  with  benzene,  petrolciun  ether,  and  chloroform,  as  in 
method  L 
liomiul  beer,  examined  by  method  I,,  gives  tho  following  results  :^The  petroleum 
ether  extract  contains:  (1)  an  amorphous,  slightly  bitter  substance,  solnbie  in  ether 
ntiil  alcohol,  and  partially  soluble  in  water;  (2)  a  anbstanuft  which  precipitates  basic 
leail  ufofofo;  (3)  a  .subslniiou  which  liocomua  red  with   Frolidt's  reageiit  (sodium- 
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thioaulphate),  and  (4)  one  w&icli  becomes  red  with  sulphnric  acid  and  sugar.  The  ben- 
zene extract  contains  the  same  substances,  and  is  more  bitter ;  in  addition,  it  contains 
(5)  a  body  which  becomes  dark  brown  on  treatment  with  sulphuric  acid  ;  and  (6)  a  sub- 
stance which  precipitates  tannin.  The  chloroform  extract  contains  substances  1,  2,  5« 
and  6,  in  some  instances  in  lai^er  proportions ;  also  (7)  traces  of  a  body  precipitable 
bf  potassium  iodide  and  phosphomoljbdic  acid  ;  (8)  a  body  which  reduces  ammoniacal 
biItot  nitrate ;  and  (9)  a  body  crystallisable  from  ether,  and  difficultly  soluble  in 
alcohol.  Of  these  substances,  2,  3,  and  6  come  from  the  hops,  1  from  hops  and  malt 
together,  4,  5,  7«  and  8  from  malt,  and  0  is  formed  from  malt  in  fermentation. 

Examined  by  Method  ^I.,  normal  beer  should  give  next  to  no  extract  with 
pettolemn-ether ;  but  little  benzene  extract,  and  that  not  bitter,  and  not  precipitating 
gold,  or  reducing  it  on  warming,  and  only  an  inconsiderable  chloroform  extract. 
Hence  substances  2,  3,  4,  6,  and  8,  are  removed  by  the  lead  acetate ;  consequently, 
when  any  adulterant  not  precipitable  by  this  agent  is  sought  for.  Method  II.  should 
be  used. 

The  following  table  exhibits  the  characters  of  the  extracts  obtained  by  the  aid  of 
these  several  solvents  from  the  plants  and  vegetable  products  above  mentioned ;  the 
reactions  observed  with  the  bitter  ingredients  thus  isolated,  when  treated  with  the 
following  substances :  chloride  of  gold ;  tannin ;  basic  lead  acetate ;  anmioniacal 
■ilver  solution ;  concentrated  sulphuric  acid ;  Frohde's  reagent ;  sulphuric  acid 
and  sugar;  sulphuric  acid  with  6  proportions  of  water,  H%0^+6HH),  on  warm- 
ing ;  warm  dilute  sulphuric  acid ;  caustic  potash  solution ;  warm  ferric  chloride : 
also  their  physical  pro^rties,  €.g,  crystalline  form,  taste,  &c.  600  cc.  of  boer 
being  taken  for  examination,  0'0006  gram  of  atropine  (0*06  gram  of  belladonna  leaves) ; 
the  same  quantity  of  hyoscyamine  (0*25  gram  of  henbane) ;  0*0003  of  strychnine,  and 
0*0005  gram  of  brucine  (0*03  gram  of  nux  vomica),  can  be  detected  by  the  methods 
described. 

EXTBACT  FROM  AciO  LiQUOB. 

Retiduefrom  Petroleum. 

(a)  Amorphous,  first  becomes  brown,  then  violet,  and  soon  rod-violet,  with  sul- 
phnrio  acid Traces  of  Absinthin. 

(5)  Amorphous,  colourless,  sharp-tasting,  and  rubefacient;  coloured  brown-red 
with  sulphuric  acid Traces  of  Capsicin. 

(0)  Amorphous,  green,  becoming  red  with  sulphuric  acid  and  sugar ;  no  precipitate 
with  ammoniacal  silver  solution   .  ...  Juniper-hierry  Begin. 

{d)  Giystalline,  yellow,  becoming  blood-red  with  potassium  cyaniae     Picric  Acid, 

Reddntefrom  Benzene,. 

[A]  Crystalline,  not  bitter ;  becomes  purple-red  with  potash,  and  red,  clianging 
to  orange,  with  sulphuric  acid Aloetin, 

[B]  Amorphous. 

(a)  No  precipitate  with  gold  chloride  when  the  residue  is  dissolved  in  water: 

(1)  Tannin  gives  no  precipitate:  residue  sharp* tasting : 

[a]  Sulphuric  acid  colours  the  liquid  rod-brown        .        .  CapHcin. 

\fi\  Sulphuric  acid  colours  the  liquid  brown  .        .        Daphne  Bitter. 

(2)  Tannin  precipitates  the  aqueous  solution  ;  residue  bitter,  or  bitterish : 

[I]  Basic  lead  acetate  causes  slight  turbidity;  sulphuric  acid  and  sugar 

hardly  redden  the  solution. 
aa.  Ferric  chloride  gives  brown-green  tint  on  warming  the  aqueous  solution  ; 

slightly  bitterish Gentian  Leavte, 

bb.  Ferric  chloride  gives  brown  tint  on  warming ;  peculiar  taste,  intolerably 

bitter Quaseiin. 

[II]  Basic  lead  acetate  gives  a  copious  precipitate  ;  sulphuric  acid  and  sugar 

quickly  give  cherry-red  tint ;  weakly  bitteriifdi     .        .  Cnicin. 

(b)  Aqueous  solution  of  residue  does  not  act  on  gold  chloride  in  the  cold, 

but  reduces  on  warming, 
[a]  Slight  precipitate  with  tannin ;  does  not  reduce  ammoniacal  silver  solu- 
tion ;  heated  with  dilute  sulphuric  acid,  it  gives  the  odour  of  ericinol ; 
Frohde's  reagent  colours  it  black-brown,  sulphuric  acid  and  sugar 

a  beautiful  red Ledum  Bitter. 

[3]  Precipitate  with  tannin ;  ammoniacal  silver  reduced ;  heated  with 
dilute  sulphuric  acid,  it  gives  a  slight  odour  of  menyanthol. 

Trtfolium  Bitter, 

(c)  Aqueous  solution  of  residue  precipitates  gold  chloride  in  the  cold^  but 
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doeo  not  reduce  it  on  heating;  with  SO^H'  +  dH^  gives  a  ali^t 

odour  of  benzoic  acid CeiUaury  BUUr, 

{d)  Aqueous  solution  of  residue  precipitates  gold  chloride  in  the  cold,  and 
reduces  it  on  warming ;  sulphuno  acid  dissolves  it  to  a  brown  tint  at 
first,  soon  turning  violet,  and  becoming  a  beautiful  violet  on  addition 
of  water;  hydrochloric  acid  of  sp.  gr.  1-135  colours  it  first  green, 
then  a  beautiful  blue Abaihtkm. 

Residue  from  Ckloro/orm. 

[A]  No  precipitate  and  no  reduction  with  gold  chloride : 
(a)  Tannin  gives  no  precipitate;   sharp  taste;    vesicating;    sulphuric  acid 

ooburs  it  dark  brown-red Capsiem. 

(6)  Tannin  gives  a  precipitate, 
[a]  Basic  lead  acetate  gives  considerable  precipitate;  heated  with  dilute 
sulphuric  acid,  it  becomes  turbid,  then  brown-red,  and  gives  a  faint 

odour  of  benzoic  acid Cmcim. 

[0]  Basic  lead  acetate  gives  little  or  no  precipitate. 

I.  Sulphuric  add  gives  a  brown  colour : 

aa,  Kesidue  very  bitter Quasnin, 

bb,  Besidue  bitterish Gentian, 

eo,  Besidue  sharp-tasting Daphne  biUer, 

n.  Sulphuric  acid  gives  a  slight  yellow  tint  or  no  colour  at  all. 

ColocyntJk. 

[Bl  Qold  chloride  gives  no  precipitate  in  the  cold,  but  is  reduced  on  warming : 

(a)  Tannin  gives  no  precipitate : 

[1]  Stupefies  fish ;  bitter  taste Picrotoxm, 

[21  Tasteless  or  slightly  bitter ;  potash  colours  it  red-brown  .     Aloee. 

(b)  Tannin  gives  a  precipitate : 

[a]  Ammoniacal  silver  reduced;  strong  odour  of  monyanthol  on  heating 
with  dilute  sulphuric  acid,  or  Frohde*s  reagent         .        .  Menyantkin, 

[3]  Ammoniacal  silver  not  reduced ;  odour  of  ericinol  with  dilute  sulphuric 
acid,  or  with  Frohde's  reagent ;  beautiful  carmine-red  on  long  standing 
with  sulphuric  acid  and  sugar Erioolm, 

[C]  Gh)ld  chloride  gives  a  precipitate  in  the  cold,  and  is  not  reduced  on  wanning ; 

nitric  acid  gives  a  violet  tint Colckioum. 

Heated  with  sulphuric  acid,  it  gives  an  odour  like  that  of  clover,  then  the 
liquid  becomes  red,  and  the  smell  alters  to  one  resembling  bensoic  add. 

Centaury  Bitter, 

[D]  Gold  chloride  gives  .i  precipitate  in  the  cold,  and  reduces  on  heating ;  sulphuric 

acid  colours  it  brown,  and  gradually  dirty  violet     .         Wormwood  Bitter, 

EXTBACT  FBOM  AlXALINB  LiQVOB. 

[I]  Benzene  residue, 

(a)  Dilates  the  pupils  of  a  cat's  eye : 

(1)  Platinum  chloride  does  not  precipitate  the  aqueous  solution;  peculiar 

odour  on  warming  with  sulphuric  acid      ....      Atropime, 

(2)  Platinum  chloride  gives  a  precipitate  when  in  just  the  right  proportion. 

Hyosei/amme, 
b)  Does  not  dilate  the  pupil : 
[o]  Sulphuric  acid  solution  becomes  blue  with  potassium  dichromate  or 

eerie  oxide Strychmine, 

[3]  Sulphuric  acid  solution  becomes  red  with  nitric  oxide  .  ^rudme, 

[II]  Amylic  alcoholic  residue  (examined  only  when  salicin  is  to  bo  sought  for). 
Heated  with  sulphuric  acid  and  potassium  dichromate,  gives  a  sali(^ou8 

odour SaUcin, 

For  the  detection  of  picric  acid  in  beer,  Vitali  (Gats,  chim.  Hal.  vi.  466)  re- 
commends the  use  of  amyl  alcohol.  10  cub.  cent,  of  the  beer  are  agitated  with  5  cub. 
cent,  of  amyl  alcohol,  the  latter  being  removed  by  means  of  a  pipette,  filtered  and 
evaporated;  a  yellow  residue  indicates  picric  acid.  This  is  dissolved  in  a  small 
quantity  of  water,  and  divided  into  four  portions,  which  are  severally  treated  wit^ 
ammoniacal  copper  sulphate,  potassium  cyanide,  ammonium  liydrosulphide,  nnd 
potofisinm  nffrafe ;  if  picric  acid  is  present,  theae  give  the  crystalline  ammonium 
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copper  picnte,  the  purple-red  isopnrpuric  and  picramic  acid,  and  the  yellow  crystal- 
line potasBinm  pierate. 

On  the  Detection  of  Adulterations  in  Beer,  see  also  WitCjftein  {Arch,  Pharm.  [3], 
V.  26  ;  Ckem.  8oe.  Jour,  1676,  i.  767). 

On  the  Composition  of  Beers  brewed  in  Basol,  see  Goppelsroeder  {Dingl,  pol.  J, 
coLYii.  828;  Ckem.  8oo.  Jour,  1876,  i.  768). 

On  Substitutes  for  Malt  in  Brewing  (Surrogatbraueret),  see  Hanemann  {Dingl. 
pol,  J,  ccxriii.  346 ;  Chem,  Soc.  Jour.  1876,  i.  807). 


EO  or  BSmo  AOZB.    This  acid,  or  rather  its  glyceride,  has  been 
foaud  by  GK>ld8chmidt  in  the  fat  oil  of  black  mustard  seed  (see  Mustard' 


TA.    On  the  preparation  of  Atropine  from  Belladonna  leaves,  see 
ATBoopon  (p.  186). 

maanjkcmmo  or  bbvzoix-aobtzo  aozb,  c•H*o««CH*<^^Q^]^^ 

The  metanitro-  and  metamido-deriTatiTes  of  this  (at  present  unknown)  acid  have  been 
prepared  and  examined  by  L.  Liebermann  (Deui,  Chem,  Gea.  Ber,  z.  861). 

The  nitro-aeid,  C»H^N0»»0H«<^^-^2*^^^'^,  is  obtained  by  gradually  adding 

finely  pulverised  silver  nitrobenzoate  to  acetyl  chloride  contained  in  a  cooled  vessel : 

C«H«(NO«).GO«Ag  +   CLCO.CH"  =  AgQ  +  CH«<^^-^^*(^^*1 

It  is  necessary  to  use  an  excess  of  acetyl  chloride,  since,  if  the  two  bodies  arc 
mixed  in  equivalent  proportions,  the  quantity  of  liquid  present  will  not  be  sufficient 
to  ensure  complete  mixture.  On  pouring  the  product,  with  stirring,  into  a  large 
quantity  of  water,  filtering  from  silver  chloride,  and  evaporating  the  filtrate  in  the 
watar-bath,  the  nitro-aoid  is  obtained  in  long  spicular  crystals  apparentljr  belonging 
to  the  quadratic  svsteuL  After  pressing  and  drying  at  100°,  it  forms  a  light,  loose, 
very  balky,  crystalline  powder. 

Metanitrobenzacetic  acid  is  easily  soluble  in  alcohol,  ether,  and  hot  water,  spar- 
ingly in  cold  water.  The  aqueous  solution  has  a  strong  acid  reaction.  When  heated 
in  a  small  glass  tube,  it  melts  at  130^-132°  (corr.)  to  a  yellowish  liquid,  and  then 
deoomposes,  giving  off  an  odour  of  bitter  almonds  and  forming  a  crystalline  sublimate. 
When  suddenly  heated,  it  detonates  somewhat  violently,  oy  the  action  of  strong 
mineral  acids  it  is  resolved  into  acetic  and  nitrobenzoic  acids ;  by  tin  and  hydrochloric 
acid  into  acetic  and  amidobenzoic  acids. 

The  Uad-edt,  (C»H«NO*)*Pb  +  2H«0,  prepared  by  agitating  the  ccld  aqueous 
aolution  of  the  nit20-acid  with  lead  oxide  till  the  acid  reaction  disappears,  and  evapo- 
rating the  filtered  liquid,  crystallises  in  thin  needle-shaped  prisms.  The  barium 
and  silver  salts  are  very  unstable. 

Metamido-bem acetic  acid,  C'H'NO' =  CH'^qq'qjt  ^  \  metameric  witii 
hippurie  (benzamidacetic)  acid,  OH^qq  q^'        i  aocl  with  Foster's  acetyl-met- 

amidobenioie   acid,  CH^qq  qu       (i^*  201),  is  formed  by  reducing  the  nitro-acid 

with  ammonium  sulphide  in  alcoholic  solution,  and  may  be  obtained  pure  bv  acidulat- 
ing the  liquid  with  acetic  add — after  expelling  the  hydrogen  sulphide^ selecting  the 
last  portions  which  crystallise  out,  and  decolorising  them  with  animal  charcoal.  It  is 
moderately  soluble  in  water,  and  decomposes  when  melted,  yielding  a  crystalline  sub- 
limate and  a  residue  melting  at  166^,  which  is  so  near  the  melting  point  of  metamido- 
boisoic  acid  (166^)  as  to  render  it  probable  that  the  residue  in  question  actually 
eoonsta  of  this  acid. 


U  C«H*0*.    This  name  is  pven  by  Pfankuch  (J.  pr, 

Chem.  [2],  vi.  97)  to  an  acid  which  he  obtained  by  distUIing  a  mixture  of  barium 
bensoate  with  excess  of  barium  thiocyanate,  and  treating  the  liquid  portion  of  the 
distillate  with  potash.  The  free  acid  crystallises  in  small  glistemng  needles  melting 
at  101^.    It  is  a  stronger  acid  than  benzoic  acid,  but  less  stable. 


I,  C^H»O.NH»  =  C«H».CONH^  On  the  formation  of  this  compound 
and  benzonitril  by  heating  benzoic  acid  with  thiocyanates,  see  2nd.  Suppl.  160. 
On  its  crystalline  form,  see  2nd  Suppl.  129. 

Merewry-compound, — The  compound,  (C'H*O.KH')'Hg,  obtained  by  dissolving 
mereoric  oxide  in  aqueous benzamide  (i.689),  boils  without  decomposition  at  222^-224°. 
It  is   decomposed  by  carbon  disulphide  and  thioearbanilide  at  a  low  temperature, 
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with  reparation  of  benzamide  and  formation  of  benzonitril,  bat  not  of  benzoyl^gtuni- 
dino  or  benzoyl-uroa.  The  reaction  with  carbon  disnlphide  is  attended  with  formation 
of  carbon  oxysulphide  (Oppenheim  a.  Czarnomsky,  Dwt.  Chem.  Oes,  Ber,  vi.  1892). 

Conversum  into  Bmzyl  alcohol  and  Bomoio  aldehyde. — When  a  mixture  of  bens- 
amide  with  ether  and  a  little  water  is  submitted  to  the  action  of  nascent  hydroeon 
(evolved  by  sodium  amalgam,  not  by  zinc)  benzyl  alcohol  is  formed,  together  witn  a 
small  quantity  of  benz6ic  aldehyde : 

Amide.  Aldehjrde. 

C«H*.CONH«  +   H2  =  NH«  +  0«H».COH 

Aldehyde.  Alcohol. 

C«H».COH  +   H«  =  C«H».OHK)H. 

This  reaction  may  perhaps  afford  a  good  method  of  preparing  benzyl  alcohol, 
as  the  yield  may  amount  to  more  than  30  per  cent,  of  the  benzamide  employed 
(Guareschi,  Chug,  chim,  ital.  iv.  465). 

Reaction  with  Sulphocarbonyl  Chloride,  GSCl'. — When  this  compound  is  heated  with 
bensamide  to  150^  in  sealed  tubes,  part  of  it  abstracts  water  from  the  benzamide, 
forming  benzonitril,  together  with  hydrochloric  acid  and  carbon  oxysulphide;  while 
the  greater  part  of  the  sulphocarbonyl  chloride  is  converted  into  a  mixture  of  carbon 
disulphide  and  carbon  tetrachloride,  without  further  action  on  the  benzamide^  three- 
fourths  of  which  indeed  remains  unattacked :  — 

0«H».OONH«  +  CSC1«  «  CSO  +   2HC1  +   C«H».CN 
and  2CSC1«  =  CS«  +  CCl*. 

At  the  same  time  the  hydrochloric  acid  formed  in  the  reaction  acts  upon  the  benz- 
amide in  such  a  manner  as  to  produce  hydrated  dibenzamide,  C*fH^*NO^*» 
NH(CH*0)«+2HH),  which  may,  m  fact,  be  formed  directly  hj  the  action  of  hydro- 
chloric acid  on  benzamide  (p.  167)  (Bathke  a.  Schafer,  lAeMa  AmuUen,  dxix.  107» 
111). 

Blmetbyl-beBxamlde,      C•H^CO.N(GH>)^      and      PtetHyl^benwunHHi, 

G*H*.CO.N(^H')',  are  formed  by  the  action  of  benzoyl  chloride  on  dimethylamine 
and  diethylamine,  both  the  chloride  and  the  amide  being  diluted  with  eight  times 
their  volimie  of  ether,  to  moderate  the  violence  of  the  action :  e.^. — 

NH(CH«)«  +  C«H».00a  =  HCl  +   O»H».C0.N(0H«)». 

The  hydrochloride  of  the  amine  formed  at  the  same  time  is  extracted  with  water, 
and  the  ethereal  solution  is  dried  over  calcium  chloride  and  evaporated. 

DiethyUhemamide  is  a  colourless  oil,  boiling  at  280^-282^,  not  miscible  with 
water,  soluble  in  dilute  hydrochloric  acid,  but  reprecipitated  on  addition  of  water. 

DimethyUhemamide  forms  crystals  easily  soluble  in  -water,  melting  at  41**-42®, 
and  boiling  at  265^-257^  (uncorrected).  Heated  with  hydrochloric  acid  to  2(H)^  it 
separates  into  dimethylammonium  chloride  and  benzoic  acid. 

JHrnethyl-bengamidochloride,  C*H"Na«=C«H».CCl«.N(CH")»,  is  formed  by  the 
action  of  liquid  phosgene  on  dimethylbenzamide : 

O»H».C0.N(0H»)«  +   COOP  -  C0«  +  C«H».CC1«.N(0H")«. 

When  equal  volumes  of  liquid  phosgene  and  dimethyl-benzamide  are  enclosed  for 
several  hours  in  a  sealed  tube,  a  white  crystalline  mass  is  formed,  and  streams  of 
carbon  dioxide  escape  on  opening  the  tube.  The  crystals  fume  in  damp  air,  smdl 
like  benzoyl  chloride,  and  decompose  readily  in  contact  with  water,  yielding  HQ  and 
dimethyl-benzamide  (F.  Hallmann,  Deut,  Chem,  Gee,  Ber,  ix.  846). 

Bibenxamlde,  NH(C^H»0)*,  or  0«H».CO.NH.OO.C«H*,  is  prepared  by  slowly 
adding  c^anobenzene  (7  parts)  to  a  mixture  of  strong  sulphuric  acid  (7  parts)  and 
phoBphonc  anhydride  (4  parts) ;  agitating  the  mixture  till  it  becomes  homogeneous ; 
adding  water  after  some  hours,  and  leaving  the  solution  to  itself.  It  then  deposits  a 
mass  of  slender  needles,  which,  after  crystallisation  from  weak  spirit,  consist  of  pore 
di  benzamide.    The  reaction  may  be  represented  by  the  equation  : 

2(C«H».CN)  +   2H«0  «  NH»  +   NH(C'H*0)''; 

but  it  is  uncertain  whether  the  formation  of  the  dibenzamide  takes  place  before  or 
after  the  addition  of  water. 

Dibenzamide  crystallises  in  long  thin  colourless  needles,  which  melt  at  144^  and 
decompose  without  subliming  at  a  higher  temperature.  It  dissolves  sparingly  in 
boiling  water,  easily  in  alcuhol,  ether,  chloroform,  and  benzene.  Its  reaction  is 
neutral.  Boiled  with  potash-ley  it  yields  ammonia  and  potassium  benzoate.  When 
a^tated  with  dilute  soda-ley  in  the  cold,  it  forms  sodium^dibeneamide,  (C'HK))'NNa, 
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which  erjstallisM  from  water  in  short  prisms  containing  \  mol.  of  water.  The 
aqueous  solution  of  sodium-dibenzamide  gives  precipitates  with  salts  of  the  heavy 
metals.  The  »ilv§r  compound  is  a  white  semi-crystalline  body.  The  fiureury,  gmc, 
Uad,  mtd  copper  compouiidB  are  curdy  precipitates,  quickly  becoming  crystalline  (Barth 
a.  Senhofer,  veut.  Cmhi.  Ges.  Ber,  ix.  075). 

Hvdrated  Dibensamide,  0»«H«»NO<  =  NH(0'H»0)»+2H«0,  is  formed,  as 
alreai^  observed  (p.  166),  by  the  action  of  hydrochloric  acid  on  benzamide.  It  crys- 
tallises in  transparent  plates  melting  at  99°,  moderately  soluble  in  water,  soluble 
also  in  alcohol,  ether,  and  chloroform.  The  aqueous  solution  has  an  acid  reaction. 
The  compound  boiled  with  dilute  alkaline  carbonates  gives  off  ammonia  and  yields 
bensoic  acid.  The  two  molecules  of  water  which  it  conteins  cannot  be  expelled 
without  ftirther  decomposition  (Rathke  a.  Schafer,  ZAebig'B  Armalent  dxix.  107,  111). 

••toniotoeiiaAmide,  CTH^NSe  =  C«H\CSeNH*,  is  formed  by  the  action  of  hydro- 
gen selenide  on  a  slightly  ammoniacal  alcoholic  solution  of  benzonitril.  It  crystal- 
lises in  large  golden-yellow  needles.  On  boiling  it  with  iodine,  part  of  the  selenium 
is  removed  and  a  compound  is  formed,  probably  having  the  oomposttion  (CH'CN)^, 
analogous  to  the  sulphur  compound  Ciat  SuppL  258)  which  Hofmann  obtained  in  like 
manner  from  thiobenzamide  (F.  von  I)echena,  Deut.  Chem,  Gu.  Ber,  vii.  1278). 

BSWXAVZIiIBB         or  VKBMTXi-BBMXAllZBa,  C^'H^'NO   = 

eHH)jm(0>H»)=  0«H».COJJH(0«H»). 

BboxobimiaicilidBv  CHfBr.OO.KH(C*H*). — When  bromine  is  added  to  a 
sdlntion  of  benzanilide  in  glacial  acetic  acid,  bromo-benzanilide  is  obteined  in  large 
thin  plates  melting  at  2(]^^.  A  small  quantity  of  another  compound,  ^bably  an 
iflomeride,  is  formed  at  the  same  time  (Meinecke,  Deut,  Chem.  Ges,  Ber,  viii.  664). 

NiTBOBBNiANiLiDis. — The  formula,  C"H**(NO*)NO,  represente  two  isomeric 
eompoiinds,  viz.: — 

1.  Phenylnitrobenzamide  or  nitrobenzanilide : 

(rH«(NO«)O.NH(C«H»)  =  C«fl«NO«.CO.NH(0«H»). 

2.  Nitrophenylbencamide  or  benzonitranilide : 

CrH»O.NH(0«H*NO«)  -  0>H».CO.NH(0«H«NO«), 

and  each  of  these  is  susceptible  of  three  modifications,  ortho-,  meta-,  and  para-,  ac- 
cording to  the  position  occupied  by  the  group  NO'  in  the  benzene-residae  to  which  it 
belongs.  The  benzonitranihdes  have  not  yet  been  obtained ;  the  three  modifications 
of  nitrobenzanilide  are  represented  by  the  following  formulae  : — 

N0« 
H  H  I 

HO^N)H  ho/  V-N0«  Hc/^CH 

0=<LN<^g.  oJ3-N<^jj.  0=Ln<^H. 

Ortho.  Meta.  Para. 

The  ortho-  and  para-  modifications  are  obteined  by  direct  nitration  of  benzanilide. 
On  dissolving  the  product  in  alcohol,  paranitrobenzanilide  crystallises  out  first  in 
small  colourless  pnsms  melting  at  199^;  and  on  evaporating  the  alcoholic  mother- 
liquor  to  dryness  and  drenching  the  remdue  with  chloroform,  nearly  pure  para- 
nitrobenzanilide remains  undissolved,  while  on  leaving  the  chloroform  solution 
to  evaporate,  and  digesting  the  residae  with  alcohol,  a  solution  is  obteined,  from 
which  orthonitrobenzanilide  crystallises  out,  in  long  light  yellow  needles  very 
soluble  in  alcohol  and  melting  at  94^-96°.  The  ortho-  modification  is  distinguished 
from  the  para-  by  ite  greater  solubility  and  lower  melting  point. 

Paranitrobeneanilidet  treated  with  potash-teyt  yields  para nitrani line 
melting  at  146^.  Nascent  hydroaen converts  paranitrobenzanilide  mto  a  benzoyldi- 
amidobenzene(m.p.  126^),  which  when  treated  with  potash  yields  para  di  ami  do - 
benzene  melting  at  140^. 

OrtkonitrobenManilidet  treated  yn\h. potash,  is  converted  intoorthonitraniline 
melting  at  67^.  With  nascent  hydrogen  it  yields,  not  a  benzoylated  diamido-ben- 
Bene,  bnt  a  non-ozygenated   base,  called    anhydrobenzoyl-diamidobenzene, 

0«H*— N 
Cff^N*  «  J  II  ,  convertible  by  the  action  of  fuming  nitric  acid  into  a  nitro- 

NH  — C— 0^» 
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compound,  possessiilg  feeble  basic  properties,  easily  soluble  in  hot  glacial  acetic  add 
and  alcohoC  and  crystallising  from  the  latter  in  groaps  of  small  needles  melting  at 
196°.    This  nitro-compoand,  heated  with  tin  and  hydrochloric  acid,  yields  the  bi-acid 

0«H«(NH«)— N 
base  I  II  (Hiibner  a.  Stover,  Deut,  Chem.  Ges.  Ber.  vii.  468,  1814). 

lifH 0— 0«H» 

Metanitroheneanilide  is  prepared  by  digesting  metanitrobencoic  add  with 
aniline,  and  crystallising  the  prodnct  from  water : 

0«HXNO«).OOOH  +  C«H».NH»  =  H»0  +   C«HXNO«).CO.NH(Cra») 

Engler  a.  Volkshausen  (JDeut.  Chem.  Ges,  Ber,  viii.  84).  According  to  Hubner  (ibid, 
iz.  774),  it  is  formed,  together  with  the  ortho-  and  para-  modifications,  by  the  action  of 
nitric  add  on  benzanilide^  and  may  be  separated  by  exhausting  the  cmde  product 
with  chloroform,  which  dissolves  the  o-  and  7n-  derivatives,  evaporating  the  solution, 
and  treating  the  residue  with  boiling  alcohol,  which,  as  it  cools,  deposits  first  the  meta- 
compound. 

Metanitrobenzanilide  crystallises  in  colourless  leaflets  (E.  and  V.),  in  yellow 
needles  THubner).  It  dissolves  easily  in  alcohol,  ether,  or  benzene,  and  melts  at  144^, 
while  a  higher  temperature  causes  it  to  sublime  in  yellowish  needles.  By  reduction 
with  tin  and  hydrochloric  add,  it  is  converted  into  metamidobenManilidef 
C«H*(Nn«).C0.NH(OH»). 

This  amidanilide  crystallises  from  water  in  long  white  needles,  eadly  soluble  in 
alcohol  and  ether,  and  melting  at  114°.  When  subjected  to  the  further  action  of 
redudng  agents,  it  does  not  yield  a  non-ozygenated  base  analogous  to  that  whidi 
Stover  obtained  from  orthonitrobenzanilide. 

Hydrochloride  of  Meiamidobemamlidet  C"H*'N'0.nCl,  is  obtained  in  damling  white 
needles  by  evaporation  o^  the  solution  of  the  base  in  hvdrochlorio  acid.  Hie  platmO' 
chloride  is  a  yellow  crystalline  precipitate.  The  sulphate  forms  colourless  priams 
moderately  soluble  in  hot,  less  soluble  in  cold  water  (Engler  a.  Volkshausen). 

Dinitrobemanilide,  C"H»N»0»  =  C'HXNO«)O.NH(C«H«NO«)  - 
C«H*(NO«).OO.NH(0*H«NO«),  (McHugh,  Deut,  Chem,  Ges,  Ber,  vii.  1266).— This 
compound  is  formed  by  the  action  of  nitrobenzoyl  chloride  on  nitraniline  in  ethereal 
solution : 

C«H*(NO«).COa  +  C^XNO«).NH«  -  HCl  +  0«H«N0«.C0NH(OH«N0«) ; 

also,  according  to  Engler  and  Volkshausen,  by  heating  nitrobenzoic  acid  and  para- 
nitranilino  in  molecular  proportions.  From  the  product  of  the  first  reaction  it  sepa- 
rates as  a  white  powder,  which  may  be  freed  from  the  nitraniline  hydrochloride 
simultaneously  formed,  by  means  of  boiling  water,  which  dissolves  the  latter ;  the 
insoluble  residue  is  crystallised  from  amylic  alcohol,  in  which  it  is  much  more  soluble 
than  in  common  alcoboL 

Dinitrobenzanilide  melts  at  187°,  and  is  insoluble  in  ether,  water,  and  dilute 
acids.  By  alcoholic  ammonium  sulphide  it  is  converted  into  diamido-benzanilide, 
C'H*(NH«)O.NH(C«H*NH«),  which  ciystaUises  from  alcohol  in  needles  melting  at  129° 
Nascent  hydrogen  (from  tin  and  hydrochloric  add)  appears  to  remove  all  the  oxygen, 
forming  a  base,  which  probably  has  the  composition,  C"N"H»  =  N*H'(C«H«)''(C»H<y' 
(McHugh). 

Nitrobromobenzanilides. — When  bromobenzanilide  is  treated  -^th  fruning 
nitric  acid,  the  mono-nitro-compound,  C'fl"BrNO*.CO.NH(C*H*),  is  formed  in  small 
yellow  laminsB  melting  at  187°-ld8°,  together  with  a  smaller  quantity  of  the  dinitco- 
compound,  C«fl«Br(NO«)«.CO.NH(0*H»),  melting  at  196°-196°. 

The  mononitro-  compound,  treated  with  tin  and  hydrochloric  acid,  yields  a  baae 

apparently  having  the  composition,  C'H'BrNH.C||TQQQ 

The  hydrochloride  of  this  base  forms  slender  colourless  needles,  not  very  soluble 
in  water.  The  nitrate  separates  in  flocks  sparingly  soluble  in  water.  The  sulphate 
crystallises  in  very  small  colourless  needles  very  slightly  soluble  in  water  (Meinecke, 
Deut,  Chem,  Ges,  Ber.  viii.  564). 


C*H».  Physical  Properties, — ^According  to  Adrieenz  {Deut.  Chem, 
Ges,  Ber.  vi.  441),  benzene  from  coal  tar  boils  at  80'6d°-^0'62° ;  that  prepared  from 
benzoic  acid  at  80*60° — 80*67°.  The  same  chemist  has  made  the  following  determi- 
nation of  the  !»ppcific  gravity  of  benzene  from  benzoic  acid  at  various  temperaturea* 
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Hie  spedfie  gravity  of  bensene  foom  coftl-tar  oil  was  found  to  be  0-90122  and 
0*90129  at  0°. 

Pieati  a.  Paternd  {Gagg,  ekim.  ital.  ir.  118)  have  made  the  following  determina- 
tiona  cf  the  spedife  gravitj  of  bensene,  obtained  ae  a  bye-product  in  the  prepaiation  of 
acetophenone  bj  distilling  a  miztnre  of  the  calcium  salts  of  acetic  and  benaoic  acids, 
and  purified  by  washing  with  water  and  with  potash,  and  distillation  over  sodiam : 
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Sp.gr. 

Temp. 

Sp.  RT. 

Temp. 

8p.gr. 

000023 

30° 

0-86891 

60° 

0*83642 

0-89602 

36° 

0-86362 

66° 

0*83078 

0*88982 

40° 

0-86829 

70° 

0*82606 

0-88462 

46° 

0-86291 

76° 

0-81928 

0-87940 

60° 

0-84748 

80° 

0-81331 

0-87147 

66° 

0-84198 

Temp. 

Bp.gr. 

Tolnme. 

0° 

0*899487 

1-00000 

160 

0-888678 

1*01801 

26° 

0-872627 

1-03078 

60° 

0-846170 

1-06068 

760 

0-818721 

109866 

The  refiractiye  index  of  benzene  either  £rom  coal-tar  oil  or  from  benzoic  acid,  for 
the  sodium  line,  is  1-4967  at  16*2°  (Adrieens). 

JkamuootUioiu,  1.  By  Heat. — The  statements  of  Berthelot  (Itt  Suppl.  261)  le- 
specting  the  piodncts  obtained  by  passing  benzene  vapour  through  a  red-hot  tube, 
have  been  confirmed  hj  G.  Schults  (jkut,  Ckem,  Ge».  Ber,  1878,  416),  so  far  as  relates 
to  the  formatioii  of  diphenyl  and  of  the  bodies  designated  by  Bertiielot  as  chiysene, 
benzerythrene,  and  bitumene.  Schultz  also  found  paradiphenyl-benzene, 
(?m^*mCm\(yR*)*,  which  he  regards  as  identical  with  Berthelot's  chrysene.  Ho 
did  not  succeed  in  isolating  from  the  products  of  the  action  of  heat  on  benzene,  a 
hydrocarbon  identical  with  chiysene  from  coal-tar.  Berthelot,  oh  the  other  hand 
(Bull.  8oe,  Ckim.  [2],  zxii.  487)*  refers  to  his  own  analysis  for  confirmation  of  the 
rarmula  which  he  assigns  to  the  chrysene  obtained  from  benzene,  vis.  0**3!*',  which 
is  that  of  triphenylene,  ((yK*y,  and  points  out  that  this  hydrocarbon  combines  with 
picric  acid,  whereas  Schultz's  diphenylbenzene  does  not. 

2.  By  the  action  of  Ozone. — Houzeau  a.  Renard  {Compt.  rend.  Izzvi.  672),  by 
treating  benzene  with  ozonised  oxygen,  have  obtained — together  with  formic,  acetic, 
and  other  adds — a  gelatinous  body,  which  dries  up  in  a  vacuum  to  a  white  amorphous 
solid.  This  substance,  called  ozobensene,  is  very  explosive,  and  detonates  with 
great  violence  when  struck  or  heated.  It  decomposes  rapidly,  either  on  exposure  to 
the  air,  or  in  an  atmosphere  of  carbon  dioxide,  or  in  a  vacuum,  being  converted  into 
a  glutinous  mass,  and  afterwards  into  a  yellowish  syrupy  liquid  containing  a  large 
quantity  of  acetic  add.  Ozobenzene  dissolves  with  decomposition  in  water,  vielding 
formic,  acetic,  and  a  verv  soluble  solid  acid,  which  turns  brown  on  addition  of  potash 
or  soda,  and  reduces  silver  nitrate  even  in  the  cold.  At  the  same  time  there  \» 
formed  a  fragrant  substance  which  has  no  acid  reaction. 

8.  Reaetion  with  Bromal. — When  2  mols.  benzene  and  1  mol.  bromal  are  mixed 
with  about  double  the  volume  of  strong  sulphuric  acid,  diphenyl-tribromcthane 
is  produced,  and  gradually  separates  from  the  mass,  the  reaction  being  completed  in 
two  or  three  days  : 

2C«H«  -I-   CBr».CHO  =  H^  +   CH(OH»)«.CBr». 

Benzene  and  chloral  in  like  manner  yield  diphenyl-trichlorethane  (G.  Gh)ld- 
schmiedt^  J>eut.  Chem.  Q$»,  Ber.  vL  986). 

4.  With  Monoehloraldehude.—yfhtTk  2  mols.  benzene  and  1  mol.  dichlorethyl  oxide 
are  agitated  with  strong  sulphuric  acid,  the  chloraldehyde  produced  by  the  action  of 
the  sulphuric  acid  on  ue  dichlorethyl  oxide  (2nd  Suppl,  481)  reacts  on  the  benzene 
in  such  a  manner  as  to  produce  diphenyl-chlorethane : 

2C«H«  +   CHKJ1.CH0  -  H«0  +  CH«C1.CH(C«H»)«. 

The  diphenyl-chlorethane  thus  formed  is  a  pitchy  substance  which  has  not  been 
obtained  in  a  state  fit  for  analysis,  but  evidence  of  its  constitution  is  afibrded  by  the 
fkct  of  itp  being  resolved  by  dry  distillation  into  hydrochloric  acid  and  a  body, 
CH*  «G((>H*)',  isomeric  with  stilbene  (£.  Hepp,  Deut.  Chem,  Gee,  Ber.  vi.  1439). 
See  DiFHBinrL  Compoumds. 

6. -With  Foffnaldehffde, — The  product  of  this  reaction  is  diphenyl-methan«, 
CH<rC*H*>*  I2md  Bn^.  683). 
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VotaMlnm-bensene  f  Abeljanz,  Deut.  Chem.  Ges,  Ber,  y.  1027  ;  ix.  10).  When 
benzene  and  potassium  are  heated  together  in  sealed  tubes  to  240^-260^,  a  certain 
quantity  of  benzene  is  absorbed,  and  a  dij,  blue-black,  crystallino,  kidney-shaped 
mass  is  formed,  insoluble  in  excess  of  benzene.  In  contact  with  air  it  takm  Are 
almost  instantly,  burning  with  explosiye  violence,  and  emitting  an  odour  like  that  of 
diphenyl.  It  reacts  violently  with  ethyl  bromide,  with  water,  and  with  iodine  dis- 
solved in  benzene. 

On  bringing  it  in  contact  with  ethyl -bromide  under  a  layer  of  benzene,  reaction 
begins  at  ordinary  temperatures,  attended  with  rapid  evolution  of  ethene  gas  and 
formation  of  a  brown-i«d  mass,  which  after  a  while  envelopes  the  bensene-potaasium 
and  prevents  further  action:  the  decomposition  may,  however,  be  completed  by 
gentle  heating  in  a  water-bath.  The  brown-red  mass  consists  of  diphenyl-bensene, 
C^H^OH*)',  agreeing  in  character  with  that  which  Riese  obtained  by  the  action  of 
sodium  on  mono-  and  di-bromobenzene  (2nd  Suppl.  945) ;  m.  p.  205.  There  is  also 
formed  a  small  quantity  of  an  oily  hydrocarbon  having  the  composition  fi.CH*. 

In  contact  with  water  under  a  layer  of  benzene,  benzene-potassium  also  yields 
diphenyl-benzeno  and  the  oil  just  mentioned,  together  with  hydrogen  and  a  small 
quantity  of  diphenyL 

These  reactions  show  that  benzene-potassium  is  not  an  addition-  but  a  substita* 
tion-product.  The  formation  of  the  several  products  may,  indeed,  be  explained  l^ 
supposing  that  the  benzene-potassium  is  a  mixture  of  the  compounds  C'H'K  and 
C*H^K^  m  the  proportion  of  2  :  1 ;  thus  the  principal  reactions  with  ethyl  bromide 
and  with  water  may  be  represented  by  the  following  equations : — 

<C«H«K«  +  2C«H»K)  -I-  4C«fl»Br  =  4KBr  -i-   2H«  +  4C«H<  +  0«HXC^*)». 
(C«H*K«  +  2C«H»K)  +  4HH)  =  4K0H  +  2H«  +  0«H«(C«H»)«. 

In  the  second  case,  however,  a  small  portion  of  the  G*H'E  escapes  the  principal 
reaction,  and  is  converted  into  diphenyl : 

2C«H»K  +  2H«0  «  2K0H  +  H«  +  (C«H»)«. 

As  benzene-potassium  is  a  substitution-product^  hydrogen  must  be  eliminated  in  itt 
form&tion  :  this  hydrogen,  however,  does  not  assume  the  gaseous  form,  but  remains 
combined  as  potassium  hydride,  the  presence  of  which  may  account  for  the  explosive 
properties  of  the  product. 

BjdroffenatiOB  of  Bensene  and  Its  Bomolornes  (F.  Wreden,  LiM^s 
Annalfn,  dxxxvii.  163).  According  to  Berthelot,  these  hydrocarbons,  when  heated 
to  270°-280°  for  ten  to  twenty-four  hours  with  a  saturated  solution  of  hydriodic  acid 
(sp.  gr.  2'0)  take  up  8  atoms  of  hydrogen,  and  are  converted  into  paraffins,  eithe/ 
containing  the  same  number  of  carbon-atoms  as  the  original  hydrocarbon  (bMizene 
into  hexane,  toluene  into  heptane,  cymene  into  decane,  &c.)  or  simpler  ones  formed 
therefrom  by  division  (Ist  8uppl.  739).  Wreden,  on  the  other  hand,  finds  that  the 
aromatic  hydrocarbons  treated  in  this  manner  never  take  up  more  than  6  atoms  of 
hydrogen,  the  final  products  being  hydrocarbons  of  the  general  formula  OH^, 
isomeric  with  the  olefines.  In  their  properties,  however,  these  hydrocarbons  resemble 
the  paraffins  rather  than  the  olefines,  being  incapable  of  forming;  addition-products, 
ofTenng  great  resistance  to  the  action  of  oxidising  agents,  and  yielding  only  to  very 
powerM  means  of  oxidation,  in  which  case  the  molecule  splits  up  and  the  chief  products 
obtained  are  carbon  dioxide  and  water. 

The  boiling  points  and  specific  gravities  of  these  hexhydrated  aromatic  hydro- 
carbons are  shown  in  the  following  table : — 


Boiling  point. 

Sp.gr.  a^  OP. 

C«H« 

69® 

0-76 

C'H»^ 

97*^ 

0-772 

0-758  at  20°  \ 

C«H«« 

118*^ 

0-781 

0-766  at  20<>    Water  at 

C»H" 

135<'-138° 

(0-79) 

0«>  =  1 

C»»H» 

158<>-158<> 

0-802 

0-788  at  23<> 

The  specific  gravities  exhibit  a  regular  increase  of  001  for  a  difference  of  CH*  in 
the  formula :  thatof  hexhydromesitylene,  C'H'*,  has  not  been  directly  observed,  but  is 
calculated  according  to  this  rate  of  increase.  The  boiling  points  of  the  last  four 
m  .imbers  of  the  series  exhibit  an  average  difference  of  20°. 

The  structure  of  these  hydrocarbons  may  be  represented  by  closed  benzene-rings, 
in  which  all  the  carbon-atoms  are  singly  linked,  as  in  hexbromide  and  hcxchloride  of 
benzene  {Ut  Svppl.  196). 

By  fuming  nitric  acid  or  a  mixture  of  nitric  and  sulphuric  adds,  these  hydro- 
carbons are  converted  into  nitro-derivatives  of  benzene  and  its  homologues,  e.g,  C*!!'' 
iDto  (yn'(SO'C),  C"H»«  into  C«H'(lJO«y.  C»H^*  into  C!»A^\^0*Y,  &<i.,  \k^  t«v^\wi 
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oonsistiQe  fl^  in  the  zemoyal  of  6  atoms  of  hydrogen  bj  oxidation,  whereby  the 
hjdrocarbon  OH**  is  oonTerted  into  an  ordinary  aromatic  hydrocarbon,  (>H*"~*,  and 
secondly  in  the  replacement  of  one  or  more  atoms  of  hy(hx)gen  in  this  body  by  NO*. 

The  tendency  of  a  hydrocarbon  of  the  benzene  series  to  take  np  an  sdditional 
number  of  hydipgen-atoms  appears  to  increase  with  the  number  of  methyl-groupe 
which  it  contains  (perhaps  generally  with  the  number  of  its  lateral  chains) :  thus 
isQzylene,  CH'*,  treated  with  hydrio<£lc  add  and  amorphous  phosphorus,  is  completely 
oonrerted  into  CH'*,  whereas  benzene  and  toluene  similarly  treated  undergo  no 
alteration. 

By  the  regulated  action  of  hydriodic  add  (using  weaker  acid  or  stopping  the  action 
after  a  certain  time)  the  hydrocarbon,  OH*"'*,  may  be  made  to  take  up  only  4  or  2 
atoms  of  hydrogen  ;  isozylene,  for  example,  may  be  converted  into  tetrahyoro-isoxylene 
CH'^  &0.  These  incompletely  hydrogenised  bodies  resemble  the  normal  aromatic 
hydrocarbons  OH^~*  in  their  behaviour  with  oxidising  agents,  being  converted  therel^ 
into  aromatic  adds,  OH**~'0*,  containing  equal  numbers  of  carbon-atoms,  tetrahydro- 
iioxylene,  fbr  example,  into  toluic  acid,  OHH)'. 

OrleBtatloB  In  tlie  BenseBe  series  (Eomer,  Gazz,  Mm.  iial,  iv, 
305-446).  The  determination  of  the  relative  positions  of  the  substituted  radides  in 
benxene-derivatives  has  hitherto  been  founded  on  the  constitution  of  the  three  phthalic 
adds,  which  is  itself  deduced  from  that  of  naphthalene,  mesitylene,  and  qui  none 
(1st  Svppl.  198,  203,  212  ;  2nd  Suppl.  :34).  To  this  mode  of  treating  the  subject, 
however,  exception  may  be  taken  on  two  grounds :  1.  Because  the  reactions  by  which 
a  di-derivative  of  benzene  containing  6  atoms  of  carbon  is  converted  into  a  phthalic 
add,  or  other  derivative  containing  a  greater  number  of  carbon-atoms,  are  not  suffici- 
ently simple  and  definite  to  afford  a  safe  basis  for  determining  the  constitution  of  the 
6-carbQn  di-derivatives. — 2.  Because  the  structural  formulse  of  mesitylene,  naphtha- 
lene, and  quinone,  which  have  hitherto  formed  the  basis  of  the  entire  theory  relating 
to  the  stmctnre  of  the  benzene-derivatives,  are  by  no  means  established  with  certainty. 
Thus  with  regard  to  mesitylene,  although  it  appears  extremely  probable,  from  its 
mode  of  formation,  that  it  is  a  sjrmmetrically  constituted  trimetnylbenzene,  yet  its 
production  from  8  mols.  of  acetone  at  a  comparatively  high  temperature,  accompanied 
as  it  is  b^  the  elimination  of  3  mols.  of  water,  justifies  the  doubt  whether  the  reaction 
does  not  involve  intramolecular  change ;  and  this  doubt  acquires  further  justification 
when  the  nature  of  the  tribromobenzene  from  benzene  hexbromide  (i.  643)  is  considered. 
There  is  every  reason  to  suppose  that  in  the  latter  compound  the  hexagonal  nudens 
is  preserved,  and  that  the  6  atoms  of  hydrogen  and  of  bromine  are  symmetricaJly 
disposed  in  the  molecule;  moreover,  it  is  converted  into  tribromobenzene  by  a 
relatively  very  nmple  reaction.  The  most  probable  supposition  with  regard  to  this 
tribromobenzene  would  therefore  appear  to  be  that  the  three  bromine-atoms  are 
STmmetrically  disposed  in  the  manner  represented  by  figure  L ;  but  Komer  finds  that  it 
unquestionably  has  the  constitution  given  by  figure  U. : 


HBr 


Br 


Br 


HBr 
hezbromide* 


Objection  may  also  be  urged  against  Graebe's  condusions  as  to  the  constitutioD 
of  phthalic  acid  (lat  Smppl,  212).  His  experiments  prove  only  that  naphthalene  may 
be  regarded  as  built  up  of  two  benzene-nuclei  having  2  atoms  of  carbon  in  common; 
all  speculation  with  regard  to  the  relative  positions  of  these  two  atoms  of  carbon  is 

Sure  conjecture,  and  the  conclusions  as  to  the  nature  of  phthalic  add  are  entirely 
ependent  upon  the  kind  of  symbol  employed  to  represent  naphthalene :  that  is  to 
say,  whether  the  two  carbon-atoms  common  to  the  two  nudei  are  assumed  to  be 
adjacent,  as  Graebe  supjposes,  or  non-adjacent.  With  regard  to  quinone,  it  is  well 
kxiown  that  Graebe's  original  condusions  as  to  the  relative  positions  of  the  oxygen- 
atoms  have  recently  been  shown  to  be  entirely  unwarranted  by  fsusts  (2nd  Suppl,  924). 
To  avoid  these  sources  of  uncertainty,  and  to  render  the  question  of  onentation 
independent — as  far  as  possible— of  hypotheses  respecting  the  structure  of  anv 
particular  compounds,  Komer  has  endeavoured  to  settle  the  constitution  of  the  di- 
and  tri-derivatives  of  benzene  by  a  series  of  transformations  in  which  only  6-oarbon 
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eompoiinds  are  concerned,  selecting  in  all  cases,  the  most  simple  and  direct  mdthnii§, 
and  especially  avoiding  the  use  of  reagents  which  give  rise  to  violent  clumget  likely 
to  alter  the  molecnlar  strocture  of  the  bodies  concerned. 

The  method  in  question  consists  mainly  in  studying  the  relations  between  the 
di-derivatiYes  of  benzene  and  the  tri-deriyatives  which  may  be  produced  ftom  them. 
Thus  by  converting  the  three  isomeric  dibromobenzenes  into  the  three  possible  tri- 
bromobenzenes  and  the  six  possible  nitrodibromobenzenes,  and  by  nreparing  the 
three  dibromobenzenes  firom  the  six  possible  dibromamidobenzenes  or  cubromanilines, 
the  question  of  orientation  may  be  completely  resolved  with  r^ard  to  theee  ieveral 
compounds,  and  therefore  also  with  regard  to  aU  that«re  oonnedted  with  them.  This 
may  be  seen  from  the  following  table  :^ 


Dibromobenzenes. 
Br 


i:  8 


1:2 


Br 

1:8:4 
>1:S:4 


Tribromobenzenes. 
Br  Br 


Br  Br 


1 : 8  :  S 


1:S:8 


Br 


l:S:t 


Nitro-  and  Amido-dibromobenzenes  (Xa>NO*  or  NH*). 


Br 


Br 


Br 


Br 


X 


1:8:5 


1 :  S :  8 


l:fl:t 


This  diagram  shows :  (l\  That  a  para-derivative  (1  :  4)  can  give  rise  to,  and  be 
derived  from,  only  one  tri-aerivative,  viz.  the  unsymmetrical  modification,  1:2:4 
or  1  :  3  :  4. 

(2),  That  an  ortho^erivative  (I  :  2)  can  give  rise  to,  and  be  produced  from,  two 
tri-aerivatives,  viz.  the  consecutive  1:2:3,  and  the  unsymmetrical  1:2:4. 

(8).  That  a  meta-derivative  (1:3)  can  give  rise  to,  and  be  formed  from,  all  the 
three  tri-derivatives,  1  :  2  :  8,  1  :  3  :  4,  and  1  :  8  :  6. 

These  conclusions,  which  are  fully  borne  out  by  experiment,  enable  us  to  give 
definitions  of  the  three  classes  of  di-derivatives  depending  only  on  their  relations  to 
the  tri-derivatives,  and  independent  of  all  assumptions  as  to  the  relative  positions  of 
the  substituted  radicles ;  thus : 

A  di-derivative  of  benzene  is  para-,  ortho-,  or  meta-,  according 
as  it  can  give  rise  to,  and  be  formed   from,  one,  two,  or  three  tri- 
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BromobeBBenes.  Mokobboxobuciikb,  G*H*Br. — Thia  eompoimd 
may  be  advantageoiiBly  prepared  by  the  action  of  bromic  acid  on  benzene. 

When  powdfted  potassium  bromate  (60  grams^  and  benzene  (25-80  grams)  are 
introdueed  into  a  flask  half  filled  with  sulphuric  acid  diluted  with  twice  its  weight  of 
water,  and  the  flask  is  agitated,  the  bromate  gradually  dissolres,  and  the  mucture 
becomes  warm.  After  some  time,  provided  the  temperature  is  not  allowed  to  rise 
abore  30^,  the  benzene  is  converted  into  a  dense,  colourless,  oily  body  which,  when 
dried  over  calcium  chloride  and  rectified,  distils  for  the  most  part  at  166^,  and  has 
the  composition  and  properties  ofmonobromobenzexve.  Ali ttle  dibromobenzene 
M  almost  always  formed  at  the  same  time,  espedally  if  the  temperature  rises  too 
high,  or  ezeess  of  bromate  is  employed.  With  only  slightly  diluted  sulphuric  add 
the  products  are  entirely  different. 

In  this  reaction  the  oxygen  ol  the  bromate  plays  the  part  of  one-half  of  the  bromine 
in  the  process  usually  employed.  To  render  available  the  oxmu  present  in  the 
faromate  in  excess  of  that  so  acting,  it  is  only  neoessarv  to  add  bromine  and  a  oorre- 
''  -  quantity  of  benzene,  in  about  the  proportion  shown  by  the  equation  : 


HBrO»  +   2Br«  +   60«H«  -  60«H»Br  +  8BP0. 

Praedcallv  it  is  better  to  use  rather  less  bromine  and  more  bromate  than  are 
thus  indicated.  The  yield  is  70-80  per  cent  of  the  theoretical  amount  (Krafft  Deut 
Ckem.  Gea.  Ber.  viii.  1044).  ^ 

iV0p0r^t«.— Monobromobenzene  (prepared  by  the  action  of  bromine  on  benzene) 
boils  at  l64-86°-166-62**.  lU  refractive  index  for  the  sodium  line  is  1*6696  at  16°. 
Its  sp.  gr.  at  different  temperatures  is  as  follows : — 

Temperature     .        .        0°  11*46°  80*96°  7776° 

Sp.gr..        .  1-61768       1*60286  1*48977  1*41168 

(Adrieenz,  J)eui.  Cfkem,  Gu.  Ber,  vL  441). 

BiBBOXOBBNZBNB,  CH^BH. — Three  modifications  of  this  compound  are  known, 
two  liquid  at  ordinary  temperatures,  the  third  solid  and  melting  at  89°  {2nd  Suppl, 
189).  Of  the  two  Uquid  modifications,  one,  obtained  by  Riese,  together  with  tne 
■olid,  by  the  action  of  bromine  on  benzene,  was  observed  by  him  to  solidify  at  —  27° 
in  erjrstals  which  melted  at  —1°;  the  other,  which  Meyer  a.  Stuber  obtained  by 
treating  oidinaiy  dibromaniline  (firom  acetanilide)  with  nitrous  acid  and  alcohol, 
does  not  solidify  even  at  —28°. 

Recent  experiments  by  Meyer  {DetU.  Chem.  Gea,  Ber.  vii.  1660)  have  shown,  how- 
ever, that  the  crystals  which  separate  from  Riese's  liquid  dibromobenzene  really 
consist  of  the  crystalline  isomeriae(m.  p.  81°),  and  tliat  by  cooling  strongly  and 
carefully  removing  the  crystals  which  form,  and  repeating  these  operations  six  or 
oght  times,  a  product  is  ultimately  obtained  which  no  longer  solidifies  even  at 
-28°. 

So  fiur,  then,  the  two  liquid  dibromobenzenes  obtained  respectively  firom  benzene 
and  from  dibromaniline,  might  be  supposed  to  be  identical ;  but  that  they  are  really 
distinct  modifications,  is  shown  by  the  crystallographic  examination  of  Uieir  mono- 
nitro-derivatives,  the  nitrodibromobenzene  (m.  p.  60°-61°)  prepared  from  Meyer  a. 
Stuber's  dibromobenzene  crystallising  in  small,  four-sided,  lumost  rectangular  forms 
of  the  triclinic  system,  whereas  the  nitrodibromobenzene  (m.  p.  68°),  obtained  firom 
Riese's  dibromobenzene,  crystallises  in  monoclinic  forms  (pp.  177i  178). 

The  orientation  of  the  bromine-atoms  in  these  three  isomeric  oodles  was  not, 
however,  very  satisfactorily  determined  by  the  experiments  above  mentioned.  The 
dibromobenzene  obtained  from  dibromaniline  was  recognised  as  the  meta-modifica- 
tion,  because  when  treated  with  chlorocarbonic  ether  and  sodium  amalgam,  it  vielded 
faromobenzoic  and  isophthalic  acids  (Wurster,  Liebi^a  Annalen,  clxxiii.  146) ;  but  the 
errstalline  modification  was  regarded  by  Meyer  as  para-,  by  v.  Richter  as  ortho- 
dibromobenzene  (2nd  Suppl.  140). 

Hie  question  has,  however,  been  completely  determined  by  the  researches  of 
Komer  {Gasz.  ehim.  itoL  iv.  331),  who  has  solved  it,  as  already  described  (p.  162), by 
examining  the  relations  between  the  three  dibromobenzenes  on  the  one  hand,  and 
the  three  tribromobenzenes,  mononitrodibromobenzenes,  and  dibromanilines  on  the 
other,  the  result  heing  that  the  solid  dibromobenzene  (m.  p.  80*')  is  the  jNira-modifica- 
tion,  the  liquid  modification  obtained  from  ordinary  dibromuuline  the  iiMfa-,  and  the 
liquid  modification  formed,  together  with  the  solid,  by  direct  bromination  of  benzene, 
the  oiiio-modification. 

Prej^aration. — ^The  three  dibromobenzenes  may  be  obtained  in  pure  and  definite 
fSorm,  either  by  the  action  of  phosphorus  pentabromide  on  the  corresponding  oxy- 
pibaools  (hjdroqmnone,  Ac),  or  by  the  diazo-reaction  from  the  conespoud^ini^mtnni- 
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Udb*  (it,  fSO-iSa).  Ths  latter  method  ie  pcoferrod,  beosnse  the  fanner,  Ihoo^ 
more  direct,  involves  tbe  eipaaditnre  of  a  large  qoaotily  of  costly  material. 

The  oitniQilmcfl  nte  first  coDvertetl  into  the  corresponding  diuoniBobenxsDe*, 
C"ff\NO')S',  bj  treating  the  Bolutions  of  their  nitratas  with  nilroiu  acid  ;  the  diaW' 
rompounds  are  lonverwd  bj  the  hcIjou  of  bromine-wstar  into  perbromidfli, 
CH'NO'.HBp*  ;  and  these  Utter,  decomposed  by  boiling  with  alcohol,  yield  tho  cor- 
responding nitrobromoboQzonea: 

(?H<(NO")S'Br'   -  N'  +   Br*  +   CH'(NO')Br. 

In  this  manner  may  be  obtained:  paranitrobroinohenEene.  melting  at  ISfift"  i  mrto-, 
at  M'8°  ;  ortho-,  at  iS-l". 

These  compounds  ore  rednced  by  Un  and  hydrochloric  acid  to  bromanilinei. 
-which  are  dislilled  off  with  excess  of  TiotAsb,  tbea  converted  ii 
nidates,  flnelj  pnlveriBod  and  euspended  ii 

nitnnu  acid;  the  resulting  diazobromabenEoneii  are  convBrled  into  perbnnnidM 
by  traatDunt  witb  the  calculated  quantity  of  bromine  diaHolved  in  bromide  of  poI>a- 
■ium;  and  lastly,  tbe  parbromjdes  finely  polverised,  are  convorted  into  the  oone- 
spondiog  dibromobenienes,  in  the  case  of  tlia  para-derivativs  by  boiliog  with 
absolata  alcohol,  JQ  the  cases  of  the  meta-  and  ortho-derivatives  (which  do  not 
yield  pure  products  when  tbns  treated),  by  diatillation  with  aodinm  carbonate.  Th« 
mixture  of  the  perbromide  with  eodiam  carbonate  requires  special  precautioni,  an 
aocount  of  the  lapiditf  of  the  action  which  ensues.  The  best  mode  of  proceeding  ii 
to  half-fill  with  the  pulvarieed  carbonate  a  cptort  previoosly  fitlod  to  a  Very  long 
condenser,  then  ae  quickly  as  possible  add  the  perbromide,  cover  it  up  with  a  Inyer 
of  carbonate,  and  immediately  dose  the  retort  witb  the  atopper.  The  retort  is  then 
ahatec,  so  aa  to  mix  the  materials,  whereupon  a  violent  action  ensoe*,  causing  half 
the  piodoi-t  to  dislil  ovct  at  once,  without  the  aid  of  hent  When  this  reoctioa  is 
OTsr.  the  retort  must  be  gradually  heated,  and  finally,  to  a  rather  high  temperatnre. 

The  products  thus  obtained  are  porified  by  washing  with  water  frum  free  bromine 
Itud  amall  quactitics  of  bromophsDols,  then  distilled  with  aqueous  vapour,  diied  with 
phosphoric  anhydride,  and  rectified  (Komer.  Gasrttta.  iv.  333). 

According  to  Wumter  a.  Gmhanmann  (0™(.  Chsnt,  Oa,  Ber.  vii.  110),  the  citro- 
bromoljomene  required  for  tie  preparation  af  metadibromobpniene,  is  most  readily 
obtained  by  the  Botion  of  ethyl  nitrite  on  bromaniliue  (m.  p.  I04'S°).  Acetanllide  i« 
bromiuated  by  means  of  bromine-water,  and  the  dry  bromo-derimtive  nitrated  bj 
dissolving  it  tn  a  coaled  mixture  of  nitric  and  sulphuric  add,  and  pouring  the 
prodnct  into  water.  The  nitrobromucetanilide  is  then  decomposed  by  heating  it 
with  a  solution  of  sodium  hydrate,  and  the  bramonitranilioe  treated  with  nitrons  euier. 
After  remoring  a  portion  of  lie  alcohol  by  distillation,  the  product  is  precipitated 
by  water,  and  the  resulting  bromonitrobeniene  purified  b;  pressure  and  repeated 
crystallisation  from  alcohol,  and  subsequent  diBtillarian  in  a  current  of  steam. 

V,  T.  Richter  (ibid,  viii.  H35)  observes  that  when  bromine-water  is  added  to  the 
nitric  acid  solution  of  dinzobenzene  at  ordinary  temperatures,  ths  psrbKUnida 
is  pncipitated  as  an  oil  which  solidifies  after  a  while,  and  yields  a  product  con- 
sistmg  chiefly  of  dibromobeuzene  ;  whereas  if  the  bromine-water  be  added  to  ths 
diaio-eomponnd  pre^ously  cooled  with  ice,  the  perbromide  separates  in  yellow  floeka 
which  yield,  by  decomposition  witb  alcohol,  scarcely  anything  hnt  frihromo benzene. 
It  appears,  therefore,  that  in  the  latter  case,  the  disKobeuEene  perbromide  uudergoe* 
further  bramlnatiDD  by  tbe  action  of  bromine- water,  which  does  not  take  place  when 
the  perbromide  separates  in  the  liquid  form. 

i'ara(iiiromoi<nr(iin(l  :  4).— This  modification,  prepared  either  from  pnra- 
nitranilina  in  the  manner  jnst  described,  or  by  the  action  of  phosphorus  pentabromid* 
on  parabromophenol,  is  identical  with  that  which  Coupee  obtained  by  the  action  of  bn^ 
mine  on  beuKene  or  moQobromobenBene.  The  simplest  way  of  preparing  it  is  to  beat 
benzene  for  seTeral  days  with  eiceas  of  bromine,  till  the  mixture  solidifies  on  cooling. 
The  product  may  be  decolorised  by  means  of  potiish,  lien  recrystallisBd  several  time* 
from  boiling  alcohol,  and  afterwards  distilled.  All  the  secondary  products  formed  in 
the  ToaotJon  remain  in  the  mother-liquors,  provided  care  has  been  taken  to  preTsnt 
the  formation  of  large  crystals. 

Paradibromobonzene  forms  perfectly  white  crystals  melting  at  88-8°  and  boiling 
at  318'B°,  under  a  pressure  of  7fi7'T  mm.  It  sublimes,  though  veir  slowly,  at  radE 
nary  temperatures,  forming  splendid,  strongly  retracting  crystals.  It  has  a  peculiar 
odour,  recalling  that  of  Men'ia  aqualica.  It  diasolves  with  difficulty  in  cold  alcohol, 
in  considerably  larger  quantity  in  hot  alcohol  and  ether,  and  separalfls,  especially  by 
slow  evaporation  of  a  mixture  of  alcohol  and  ether,  in  wall-defined  crystals.    Nitrio 
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11 slow  evaporation  of  a  mixture  of  alcohol  and  ether,  in  wall-defined  crystals.    Nitrio         I 
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powder,  more  qiiioklj  at  a  gentle  heat,  tranefonning  it  in  either  ease  into  mono- 
nitro-paradibromobensene,  melting  at  86*4^  (Korner). 

Metadibromobenzen*,  (1  :  8),  is  an  oil  of  peculiar  odour,  quite  different  £rom 
that  of  the  para-oompoond.  It  remains  liquid  at  -20^,  boils  at  219*4^,  under  a  pree- 
sure  of  754*80  mm. ;  nas  a  sp.  gr.  of  1*955  at  18*6^  (that  of  water  at  4°  being  taken 
for  nnity).  It  is  ^oiddj  attached  by  nitric  acid  of  sp.  gr.  1*4,  provided  the  tempe- 
rature of  the  air  is  not  too  low ;  with  weaker  acid,  a  dight  rise  of  temperature  is 
neoeesaiy  to  start  the  action.  The  resulting  solution  gives  with  water  a  crystalline 
precipitate  consisting  of  two  mononitrodibromobensenes,  the  more  abundant  melting 
at  61*6^,  the  other  at  82^'. 

Identical  with  this  metadibromobensene  is :  (1)  that  which  Meyer  a.  Stuber 
obtained  by  the  action  of  ethyl  nitrite  on  ordinary  dibromaniline,  which,  in  its  turn,  may 
be  prepared  either  from  dibromacetanilide,  or  by  reduction  of  the  nitrometadibromo- 
bensene,  0*.BrH.Br.(KO<)AH,  which  melts  at  61*6°.  (2)  That  which  results  from 
the  reduction  of  symmetrical  nitrodibromobenzene  (1:3:6),  melting  at  104*5°,  and 
treatment  of  the  resulting  dibromaniline  with  ethyl  nitrite.  (3)  The  nitrometadi- 
bromobensene  (1:2:3),  melting  at  82*6  (which  is  itself  formed  from  metadibromo- 
benaene),  should  also  yield  the  same  modification,  but  this  conversion  has  not  yet  been 
actually  effected. 

OrtkodibromobenMene  (1  :  2^. — This  modification  should  be  identical  with 
Biese's  liquid  dibromobenzene,  obtamed,  together  with  the  para-compound,  by  the 
action  of  Inomine  on  benzene.  According  to  Komer,  however,  it  cannot  be  obtained 
pure  by  this  process,  and  in  &ct,  Riese's  statements  as  to  its  boiling  point  and  other 
physical  properties  differ  considerably  from  those  of  Komer.  According  to  Riese, 
Its  boiling  point  is  between  212°  and  215°  (oorr.),  which  is  below  that  of  the  solid 
para-modification  (210°),  whereas  according  to  Komer  it  boils  at  223°-224°.  It 
crystallises  at  —6°  and  melts  at  —  1°.  Its  sp.  gr.  is  greater  than  that  of  metadibro- 
mobensene, beinff  2*003  at  0°,  1*997  at  17*6°,  and  1*858  at  99°.  Its  refracting  power 
IB  also  greater  ^n  that  of  the  meta-compound,  and  its  odour  is  totally  different  from 
those  of  the  other  two  dibromobenzenes.  With  the  strongest  nitric  acid  it  vields  a 
Ditro-product»  which  solidifies  but  slowly  and  partially.  The  chief  product  of  the  re- 
action, after  repeated  crystallisation  from  alcohol,  melts,  in  accordance  with  Biese's 
statement,  at  57'8°  (Komer). 

The  following  table  exhibits  a  comparative  view  of  the  properties  of  the  three 
dibromobenzenes  as  determined  by  Komer  (compare  Meyer's  table,  2nd  Sttppl,  139) : 


DibRNBiobenMnes 


Pafxt{l  :  4):  produced 
from  paranitranilme,  iden- 
tical with  that  of  Couper. 

Meta{l  :  3):  fromor- 
dinaiy  dinitrobenzene  pre- 
pared from  metanitrani- 
line;  identical  with  that 
which  Meyer  a.  Sttiber 
obtained  from  ordinarv 
dibromaniline,  and  with 
that  which  is  derived 
from  nitrodibromobenzene 
melting  at  104*5°. 

Oriho    (1:2V.      from 
orthonitrobromobensene 
and  orthonitraniline. 


Melting 
point 


Boiling 
point 


89° 


218*4° 
under  747  mm.  at 
21*3° 


liquid  at 
-20° 


about  - 1° 


219*4°  under 
754*8  mm. 
at  19° 


228*8° 
under  751*64 
mm.  at  18*2° 


Hononltn-^arlvatiTM 

Yields  a  single  mono- 
nitro-derivative  melting  at 
85*4°. 

Yields  with  nitric  acid 
two  mononitro-derivati  ves, 
one  melting  at  61*6°,  the 
other  at  82*6°.  There 
is  also  a  third  nitro- 
metadibromobenzene  melt- 
ing at  104*5°,  but  not 
obtained  by  direct  me- 
thods. 

Gives  with  nitric  add  two 
mononitro-derivatives,  the 
chief  product  melting  at 
57-8. 


BsoMioDOBaKzairas,  0*HfBrI  ^Komer,  G<um,  okim.  Ual.  iv.  839). — The  three 
modifications  were  prepared  by  the  action  of  h^driodic  add  on  the  diaso-compounds 
obtained  from  the  corresponding  monobromamlines ;  the  para-  and  ortho-modifica- 
tions also  from  the  respective  iodanilines,  through  the  medium  of  the  perbromides  of 
the  corresponding  diazo-compounds. 

ParabromiodobenMene,  C.Br.H.H.I.H^  crystallises  in  tables  and  prisms  of  pecu- 
liar odour,  distantly  resembling  that  of  paradibromobenzene.  It  is  very  slightly 
soluble  in  oold  alcohol,  moderately  soluble  in  hot  alcohol,  more  soluble  in  ether. 


166 


BENZENES   (TRIBROMO.). 


From  a  mixture  of  1  moL  alcohol  and  2  moL  ether,  it  separates  in  better-defined 
crystals,  perfectly  colourless  and  transparent,  not  coloured  c^y  difftised  dayli^t,  but 
becoming  colonied  after  prolonged  exposure  to  the  direct  solar  rays.  It  melts  at 
910<»and  boils  at  261 '6^-261*6°  under  a  pressure  of  754*44  mm.  at  21*8^  Nitric 
acid  acts  on  it  with  violence,  even  in  presence  of  a  very  large  quantity  of  acetie  acid, 
the  greater  part  of  the  iodine  being  liberated  and  replaced  by  NO',  so  that  the  chief 
product  is  para-nitrobromobenzene. 

Meiabr&miodoherufene,  C3r.H.I.H*,  is  a  liquid,  colourless  when  freshly  prepared, 
but  acquiring  a  rose-colour  in  course  of  time,  and  haying  an  odour  somewhat  like  that 
of  iodobenzene.  Boils  ^uite  constantly  at  252°  under  a  pressure  of  754*44  mm.  at 
21*8°.  It  dissolves  easily  in  tepid  nitric  acid  of  sp.  gr.  1*64,  without  separation  of 
iodine,  yielding  a  mixture  of  nitro-compounds,  the  most  abundant  of  whidi  ia  nitzo- 
metabromiodobenzene,  melting  at  126*8°. 

Orthobromiodobensene,  0'.Br.I.H^  is  a  colourless  liquid  smelling  like  impure  meta- 
diiodobenzene,  and  becoming  coloured  on  exposure  to  the  sun's  rays.  Boils  at  267*4^ 
under  754*44  mm.  at  21*8°.  Nitric  add  of  sp.  gr.  1*54,  if  free  from  lower  oxides  of 
nitrogen,  dissolves  it  easily  without  separation  of  iodine,  yielding  a  mononitro-deriTa- 
tive. 

These  three  bromiodobenzenes  exhibit  differences  of  boiling  point  almost  exactly 
the  same  as  those  of  the  corresponding  dibromobenzenes ;  the  para-  and  meta-biom- 
iodobenzenes  boil  at  nearly  the  same  temperature,  the  meta-  a  little  higher  (0*6°)  than 
the  para-,  and  the  ortho-derivative  about  6°  higher  than  the  meta- : 


Fara- 
Meta- 
Ortho- 


DthropJOhenMPeB* 
.     218*4° 
.    219*4° 
.    223*8° 


Bromiodobmiwnen. 
261*6° 
262*0° 
267-4° 


Tbibbomobbnsxnbs,  OH'Br'  (Komer,   Gtuzetia,  iv.  401). — Of  the  three 
poasible  modifications  of  the  tzibromobenzenes,  viz. : 

Br  Br  Br 


Br 


Br 


Br 

3.-4-1 : 2:4 

1:2:3 

1:8:6 

UosyimnetrioeL 

OoDseootlvei 

BymmetiicaL 

one  was  prepared  many  years  ago  by  Mitscherlich  (i.  643)  from  benzene  hexbro- 
mide,  and  subsequently  by  A.  Mayer,  by  the  action  of  phosphorus  pentabromide 
on  ordinary  dibromophenol  (Ut  Suppl.  263),  also  by  Griess  from  ordinary  dibrom- 
aniline  by  substitution  of  bromine  for  the  ammonia  residue  NH*  {Ann.  Cik,  Pkarm, 
czzxvii.  224) ;  a  second  has  recently  been  obtained  by  Korner  from  dibromoparani- 
traniline ;  and  the  third  is  described  by  Staber  (Deut,  Chem.  Ges.  Ber,  iv.  961),  as 
resulting  from  the  action  of  ethyl  nitrite  on  ordinary  tribromaniline. 

By  reference  to  the  diagram  on  p.  162,  it  will  be  seen  that  of  these  three  tribromo- 
benzenes,  the  first  (1  :  3  :  4  or  1  :  2  :  4)  may  be  derived  from  either  of  the  three 
dibromobenzenes;  the  second  (1:2:3)  from  two,  viz.  1  :  3  or  1:2;  the  third 
(1:3:6)  from  only  one,  viz.  1  :  3. 

The  constitution  of  a  tribromobenzene  is  therefore  known  when  the  number  of 
modifications  of  dibromobenzene  from  which  it  may  be  formed  is  determined.  Another 
mode  of  determining  the  constitution  of  these  bodies  is  furnished  by  the  study  of  their 
nitro-derivatives.  It  is  dear,  indeed,  that  the  tribromobenzene  which  is  capable  of 
furnishing  three  mononitro-derivatives,  or  can  be  produced  from  either  of  these  three, 
must  have  the  constitution  1:3:4.  This  modification  is,  in  fact,  contained  in  the 
three  following  nitrobromobenzenes : — 


Br 


Br 


NO- 


NO- 
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The  tribromobensene  1:2:8  giyes  rise  to,  and  can  be  produced  from,  only  two 
mononitro-deriyatiTee,  yiz. : — 


Br 


Br 


Br 


VQP 


Br 


and  with  regard  to  the  third  tribromobenzene,  I  :  8  :  5,  in  which  the  three  bromine- 
atoms  are  arranged  ^jmmetricallj,  it  is  absolutely  indifferent  in  which  of  the  three 
remaining  places  the  group  NO'  is  introduced,  the  same  nitrotribromobensene  resulting 
in  each  ease,  tis.  1:8:4:5  or — 

Br 


Bi 


Br 


NO" 


A  third  method  of  determining  the  structure  of  a  tribromobensene  is  based  upon 
the  following  considerations.  Of  the  six  possible  nitrodibromobensenes,  threes  and 
consequently  the  three  dibromanilines  pr<>iuced  by  Uieir  reduction,  belong  to  the 
aeries  of  deriyatiyes  haying  their  replaced  hydrogen-atoms  in  the  positions  1:2:4 
(p.  162). 

Br  HE*  Br 


Br 


Br 


HH" 


On  the  other  hand,  two  of  the  six  nitzotribromobensenes  (p.  162),  have  their  three 
bromine-atoms  in  the  positions  1,  2,  8.  Hence  it  follows  tnat  the  tribromobenzene 
formed  from  either  of  these  last  nitro-deriyatives  by  inyerse  replacement  of  the  group 
NO*,  must  also  be  the  consecutiye  modification  1:2:8;  in  Uke  manner,  the  three 
dibromanilines  aboye  figured  must  lead,  by  substitution  of  Br  for  NH',  to  one  and 
the  same  tribromobensene  1:2:4. 

Umymmetrieal  Tribromobensene,*  C.Br.H.6r.Br.H'. — This  is  the  modifica- 
tion whidi  Mitscherlich  obtained  by  the  action  of  alkalis  on  the  hexbromide  of  benzene, 
OH'Br*,  produced  by  the  action  of  bromine  on  benzene  in  sunshine  (i.  643).  It  has 
also  been  obtained .  by  the  action  of  phosphorus  pentabromide  on  oidinaiy  dibromo- 
phenol  (A.  Mayer,  Ann.  Ch.  Pharm,  cxxxyii.  224) ;  and  by  the  diazo-reaction  from 
ordinary  dibromaniline  (Ghriess,  Phil.  Trans,  cliy.  667).  This  last  mode  of  formation 
determines  its  constitution.  For  ordinary  dibromaniline  may  be  formed  either  from 
ortho-  or  from  para-bromaniline,  by  conyerting  either  of  these  bases  into  bromacet- 
anilide  by  the  action  of  a  large  excess  of  acetyl  chloride,  treating  the  resulting 
crystalline  mass  under  water  with  bromine  (1  mol.),  whereby  it  is  conyerted  into 
dibromacetanilide,  saponihrinf  this  product,  and  distilling  in  a  current  of  steam. 
The  bromaniline  thus  obtained  must  haye  one  of  its  bromine-atoms  in  the  ortho-  and 
the  other  in  the  para-position  with  regard  to  the  NH',  and  consequentiy  its  two 
bromine-atoms  in  the  i»«to-position  with  regard  to  each  otiier — that  is  to  say,  it  must 
haye  the  constitution  1:2:4  (NH*  in  1),  or  1  :  3  :  4  (Br  in  1). 


•  The  mifljinmetrlca]  tri-dflrlTatlTes  of  benwne^  having  two  of  their  mhstltatad  ndiolM  in  the 
podtioQ  1 :  4,  may  also  to  oonTeoiently  distinffniahed  bj  the  prefix  para ;  the  ayimnetrlGal,  in  which 
all  three  of  theae  radidea  are  to  one  another  in  the  position  1  :  8,  bj  the  pnflz  mtta ;  and  the  ooa- 
secQtiTe,  by  the  prefix  erMe. 
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NH" 


NH" 


KH» 


^^ 


Br 

Ordinazy 
dibxomAniline. 


Hence  also  the  tribromobenzene  fonned  from  this  dibromaniline,  by  sabBtitatioiii  of 
Br  for  NH',  most  haye  the  coDstitution  1  :  3  :  4,  or  1  :  2  :  4,  ite  three  bromine-atonu 
being  respectiyely  in  the  poeitione  1  :  2,  1  :  3,  and  1  :  4,  with  regard  to  each  other. 

To  prepare  this  compound  from  dibromaniline,  the  nitrate  of  that  base  enspended 
in  somewhat  dilute  nitnc  acid  is  subjected  to  the  action  of  a  strong  current  of  nitrous 
acid,  till  it  is  completely  dissolved,  and  the  resulting  solution  of  diazo-bromobensene, 
largely  diluted  with  water,  is  mixed  with  a  solution  of  bromine  (in  calculated  quantity 
and  in  the  form  of  potassium  bromide)  in  hydrobromic  acid ;  and  the  yellow  per- 
bromide  thus  obtained,  after  being  washed  with  water,  drained  on  a  porous  tile,  and 
dried,  is  distilled  with  a  large  excess  of  sodium  carbonate.  By  washing  Uie  product 
with  water,  distilling  at  first  in  a  current  of  steam,  and  then  alone,  and  diying  with 
phosphoric  anhydride,  the  tribromobenzene  is  obtained  as  a  liquid  which  boila  at 
275°-276^,  and  solidifies  on  cooling  to  a  white  crystalline  mass  composed  of  small 
needles. 

This  tribromobenzene  melts  at  44^,  and  boils  at  276^,  sublimes  even  at  ordiiiary 
temperatures ;  dissolves  with  difficulty  in  alcohol  even  when  warmed.  Nitric  acid 
of  sp.  gr.  1*64  dissolves  it,  even  at  ordinary  temperatures,  forming  two  mononitro- 
derivatives,  the  most  abundant  of  which  melts  at  93*5^. 

Since  ordinary  dibromaniline  may  be  formed  by  reduction  of  nitrometadibromo- 
benzene,  which  is  a  derivative  of  metadibromobenzene,  the  above-described  pre- 
paration of  Mitscherlich's  tribromobenzene  from  ordinary  dibromaniline,  maj  be 
regarded  as  a  transformation  of  metadibromobenzene  effected  by  the  (indirect)  intro- 
duction of  a  third  atom  of  bromine ;  and  the  tribromobenzene  in  question  may  be 
designated  as  bromo-metadibromobenzene. 

The  same  tribromobenzene  may  also  be  obtained  by  precisely  similar  transforma- 
tions, from  ortho-dibromobenzene,  and  from  para-dibromobenzene,  and  may  .accord- 
ingly be  regarded  either  as  bromo-ortho  -  or  asbromo-para-dibromobenzene ; 
and  its  derivation  from  either  of  the  three  modifications  of  dibromobenzene  affinds 
an  additional  proof  that  it  belongs  to  the  series  of  benzene-derivatives  represented  bj 
the  formula  1:3:4.  The  same  conclusion  may  also  be  drawn  respecting  the  three 
nitrodibromobenzenes  employed  in  its  preparation,  and  respecting  ttie  corresponding 
dibromanilines  and  nitro-bromanilines. 

Consecutive  Tribromobentenef  C.Br.Br.Br.H'. — ^This  modification 
is  obtained  by  a  series  of  transformations  from  dibromoparanitraniline, 
CBr.NmBr.H.NO'.H,  melting  at  202*5^.  This  base,  treated  by  the  diazore- 
action,  yields  a  nitrotribromobenzene,  *0*.6r.Br.Br.H.N0'.H,  which,  by  reduction 
of  the  group  NO',  and  replacement  of  the  resulting  group  NB?  by  hydrogen  (by  the 
action  a£  ethyl  nitrite)  yields  consecutive  tribromobenzene.  This  series  of  transfor- 
mations is  more  clearly  represented  by  the  following  formulse : — 


NO- 


NO* 


NH" 


DiDromopaza- 
nltnunOJne. 

1:8:4:5 


Br 


Br 


broinohwniflnflt 

1:3:4:5 


Trlbrom- 
aniUne. 

1:3:4:5 


Oonmcative  tri* 
ImoiobeiiaBDfl. 

3  : 4  : 5  or  1 : 2  : 8 


The  tribromobenzene  distilled  with  steam  and  purified  by  crvstallisation  from 
aJeobol  forma  large  rhombic  tablets,  perfectly  tranepareut  aud  colourless,  having  a 
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strong  Imtre,  bat  ptftty  loring  their  trftD8i»rencT  when  exposed  to  the  air.  It  melts 
at  87*4^,  sablimes  essilj,  dissolTes  in  nitric  acid  of  ep.  gr.  1*49,  and  separates  nn- 
altez«d  oo  addition  of  water.  By  prolonged  heating  with  nitric  acid  of  sp.  gr.  1*64  it 
is  conTerted  into  a  nitro-compound. 

The  stractore  of  this  tribromobenzene  may  also  be  demonstrated  in  the  following 
manner.  The  dibromoparanitraniline  from  which  it  is  deriyed  has  its  two  bromine- 
atoms  relatiTelj  in  the  position  1  :  8.  Now,  as  this  same  dibromoparanitraniline 
may  also  be  prepared  from  nitro^rthobromaniline  (derired  from  nitroHxrthodibromo- 
bansene,  C.M0'.H3rJBr.H*,  and  reconvertible  into  the  latter,  it  follows  that 
at  least  one  of  its  two  bromine-atoms  mnst  be  in  the  ortho-position  with  regard 
to  the  NH* ;  and  since  the  bromine  introduced  in  place  of  the  residue  Nfl'  neces- 
sarily takes  the  place  of  this  residue,  it  follows  that  this  thud  atom  of  bromine  must 
likewise  occupy  the  ortho-position  with  regard  to  at  least  one  of  the  bromine-atoms 
already  existing  in  the  dibromoparanitraniline.  The  nitro-tribromobenzene  thus  pro- 
duced will  therefore  haye  the  structure  1:3:4:5: — 


H0» 


NO" 


NO" 


NO" 


Br 


Br 


Br 


Br 


Br 


HH" 

Nitr(Hirtlio> 
taraiuuiiliiiA. 


NH" 

Dibramopira. 
uttnniluM. 


Br 
NitnMfftliotzl" 


Moreorer,  since  the  reduction  of  the  group  NO*  to  NH*,  and  the  replacement  of  the 
latter  by  hydrogen  cannot  alter  the  positions  of  the  three  bromine-atoms,  it  follows 
that  the  resulting  tribromobenzene  will  haye  its  three  bromine-atoms  in  the  position 
S  :  4  :  6  or  1  :  2  :  3. 

Symmetrical  Trihromoheneene,  C*.Br.H.Br.H.Br.H. — This,  which  is  the 
only  remaining  formula  possible  for  a  tribromobenzene,  must  eridently  belong  to  the 
modification  which  Sttiber  obtained  by  the  action  of  ethyl  nitrite  on  ordinary  tri- 
bromaniline,  prepared  by  treating  aniline  hydrochloride  with  bromine  (Ikut.  Chem, 
Oi$,  Ber.  iy.  96).  The  reaction  begins  in  the  cold  and  is  completed  by  warming. 
The  cooled  solution  subsequently  deposits  the  tribromobenzene  in  the  form  of  long 
brown  needles,  which  may  be  purified  by  distillation  and  crystallisation  from  alcohol. 
The  compound  is  then  obtained  in  slender,  brilliant,  white  needles,  melting  at  118*6^ 
(Stuber),  119*6<»  (Komer),  subliming  below  100<'  in  broad  needles  (Stuber)  and  boUing 
aboye  278^  (Komer). 

The  same  tribromobenzene  may  be  prepared  from  the  dibromaniline  (m.  p.  56*6^) 
obtained  by  reduction  of  nitrometadibromobenzene  (p.  177).  The  nitrate  of  this 
dibromaniline  is  converted  by  nitrous  acid  into  the  corresponding  diazo-compound, 
and  this  into  a  perbromide,  which  is  decomposed  by  boiling  alcohol.  This  transfor- 
mation afifords  additional  proof  that  the  dibromaniline  in  question,  and  consequently 
also  the  nitrodibromobenzene  from  which  it  is  deriyed,  belong  to  the  symmetrical  series 
of  tri-derivatiyes  1:8:6. 

According  to  Komer,  dilute  nitric  acid  does  not  act  on  symmetric  tribromobenzene, 
and  nitric  acid  of  sp.  sr.  1'64  conyerts  it  at  once  into  a  dinitro-compound.  According 
to  0.  L.  JadLSon,  on  the  other  hand  (DmU,  Chem,  C^es,  Ber.  yiii.  1172),  this  tribromo- 
benzene is  converted  by  fhming  nitric  acid  into  a  mononitro- compound,  and  by  a 
mixture  of  faming  nitric  and  strong  sulphuric  acid  into  a  dinitro-compound  (p.  181). 

Tbtbabbomobbxsbxbs,  C*H*Br*. — The  three  possible  modifications  are 
represented  by  the  following  formuUs : — 


Br 


Br 


Br 


Br 

Br 

Br 

DitfpnmetrlcsL 

8|jnuii0t(losL 

1:8:4:6 

1:3:4:6 

1:2:8:4 
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FfMVawirirtoiZ  rriraJromo&nirnK  is  produced  :  (1).  Bj  tho  action  of  PBi*  M 
naiT  tribramoplieiinl  molting  nt  96°  <lif  iS'iiyip/.  263).  wLicb  hiw  tbs  cooMita^oB 
0'.0H.iIr.H3r.H.Br  {eee  tabls.  2nJ  Sujipl.  e2»),  and  vill  iberefois  jield.  bj  nbiti' 
tatioQ  of  Br  for  OH.  a  teUabromobeiuBne  represeDlMl  by  Ibe  first  of  the  nbaTa  fignra 
{1  :  3  :  «  :  8.  or  1  :  3  :  *  :  6).—  (2).  By  subslilution  of  Br  for  NH'  in  oidinatj  Ui- 
broroanilJDO,  C.Nfl'.H.Br.Br.Br.H.  This  mny  be  effecCsd  by  passing  nitrana  scid 
TBpoui  into  glacial  acetic  acid  in  vbicb  tribmni aniline  is  suspended  till  the  latter  u 
duBolved.  and  treating  the  reanlting  diazo-compound  with  concentrated  hjdrobTamis 
acid,  whereby  the  liquid  is  oonrerted  inUi  a  magma  of  cryBtals  of  diuzo-lribromo- 
beniene  bramids;  and  this  when  boiled  with  more  glaciil  acetic  acid,  u  lung  a* 
nibvigea  continnen  ta  be  given  off,  yields  crystals  of  tetrabromabenEene.  which  Bw; 
be  pnrifiod  bj  ciystallisnCion.  The  conTersion  is,  however,  most  siiDpty  effeeUd  t^ 
mjimg  strong  hydrobromlc  acid  with  tribromaniline  and  glacial  acetic  acid,  and 
passing  niUous  gas  into  Uib  warm  miitnie  till  nitrDgen  is  no  lunger  erolved. 

UnHTmmetrical  tetrabromobenxene  cnsUiUiBes  in  long  needles,  TB17  spaiiii^^ 
BolnWa  in  alcohol  and  melting  at  98-6°.  Hentcd  with  nitric  acid  of  so.  gr.  1*60,  it 
yields  pore  manonicrotetrabromobonEene.  CBr.NO' Br.Br.Br.H,  which  crjstalliaw 
&om  alcohol  in  priama  melting  at  98° ;  with  acid  of  sp.  gr.  1  Si  it  yielda  a  mizton 
of  mono-  and  dinitrQ-eomponndB ;  and  with  acid  of  sp.  gr.  Vbi,  pure  dinitmlfltst- 
bromobenzene.  CBr.NO'.Bt.Br.Br.NO',  which  ajstallises  from  benzene  in  lotga 
prisma  melting  at  Z27''-2S8°,  and  is  deposited  from  boiling  almhol  as  a  crystaUia* 
powder  (V.  T.  Kicbter,  Deul.  Chem.  Get.  £er.  riii.  1425  ;  see  also  Wurstern.  Noltang, 
itid.  Tii.  1664). 

d.  Another  modification  of  tetrabromobmEene,  melting  at  160°,  according  U 
Kicbe  a.  B4rard,  at  137°-140°  according  to  Ketnifi  (ii.  414),  is  obtained  bj  heating 
beniene,  paradibromobenten?,  or  (1:2:  4)  tiibromobeiui^no  with  bromine.  Now 
either  ti  these  componnds  might  yield,  by  farther  bronunntion,  either  the  coiuacntiTS 
or  the  symmetrical  modiGcBtion  of  tetrabromobenzene.  or  bolh  together :  hene«  tt  U 
impossible  to  determine  the  constitution  of  this  modification  from  its  mode  of  formk- 
tioa  ;  and  no  reaction  by  which  the  question  might  be  settled  appears  1o  haTS  been 
yet  discovered.  On  the  other  band.  IJie  wide  diflereuiie  between  Uie  boiling  pdats. 
given  by  Keknli  and  by  Boche  a.  B^rard,  seems  to  indicate  that  the  methods  ta  pre- 
"      '  :tuall;  give  riw  hi  two  differeat  modifiCBtioiu  of  t«tn- 

Fehtabbohobbhibkb,  CHBr".  produced,  together  with  unsymnetrical  tetta- 
bromobeniene,  by  heating  nitro-  or  di  nitrobenzene  with  bromine  to  200°,  forms  rillty 
□eedles  melting  above  240°  (lit  8i^L  SSS). 

HazBKouoiiBNtBHK,  CTBr*  (E,  GeHBuer.  i?™/.  Clem.  Gm.  Bit.  ix.  ISOS).— 
This  compound  \s  obtained  by  tho  action  of  iodised  bromine  on  bcnrene,  tolaene,  or 
aKobaniBue. 

1.  Iodised  bromine  is  dropped  into  cooled  benzene,  whereupon  a  brisk  evolution 
of  hydrobromic  acid  takes  place;  and  the  reanlting  crystallised  ma&i  is  heatfld  by 
small  portion!  in  sealed  tubes,  first  to  SC-lOO"  till  bnt  little  hydrogen  bromide 
escapes  on  opening:  the  tnbcs,  then  gradually  to  higher  tumperatnres,  and  finally,  for 
twenty  to  thirty  honra.  at  260°'4CI0°.  The  product  ia  then  digested  with  soda-lay  14) 
remove  free  bromine  and  iodine,  Tscn-stallised  from  boiling  tolnene,  washed  with 
akoho],  and  sublimed  between  watch- glasses. 

3.  Toluene,  treated  with  iodised  bromine  in  the  manner  above  deieribed, 
resolvcii  into  perbromobenzene.  perhromomethano,  and  hydrobromic  acid : 


CH'.CH-   -I 


OBr"  - 


O-Br*   ■!■   CBr' 


The  prodnct  obtained  at  2fi0°  conaial*  of  qnadratie  inminBB.  which  at  a  higher 
temperature  are  converted  into  needles,  and  on  trealjng  this  lost  product  with  soda- 
ley,  to  remove  iodine  and  excess  of  bromine,  and  then  distilling  it  with  water,  a  amnU 
quantity  of  crystalline  eubstimce  passes  over  consisting  of  perhromomelhana.  and  a 
residue  is  left  consisting  of  heibromobcDzeDe.  As  the  quantity  of  perbromomethana 
obtained  was  but  small,  it  is  probable  that  the  greater  portion  of  this  compound  formed 
in  the  Qrst  instance  had  been  subsequently  converted  into  hexbromobflnzenn : 
eCBr'  -  CBr"  +  9Br". 

3.  AzobsDzene.  mixed  with  bromine,  becomes  hot  withont  at  first  giving  off  any 
gas  ;  Kftor  a  while,  however,  especially  on  addition  of  a  little  iodine,  a  violent,  evdll- 
tion  nf  hydrogen  bromide  lakes  place.  On  beating  the  mixture  to  100°  and  then 
leaving  it  to  cool,  the  product  soiidiSes  in  a  mass  of  slender  needles,  and  by  raising 
the  tempeiatnre  Ui  SOD  ,  aft«rward>  to  360°,  and  maintaining  this  latter  temparsCnn 
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te  fbr^^fiTe  hom^  nearij  the  whole  is  oonTorted  into  hezbromobeiiMiit.    The  reto- 
tion  is: 

0"H»JI=N.Cra»  +   llBif  -  20«Bi»  +   lOHBr  +  N«. 

The  crnde  product  is  purified  by  crystallisation  from  toloene  and  chloroform. 

Hexbnmiobensene  is  very  mnch  like  hezchlorobenzene,  bnt  its  melting  point  is 
moeh  higher,  yiz.,  above  810^ ;  on  the  other  hand,  it  bums  mnch  more  readily  than 
the  chlorinated  derivative ;  bnt  if  the  air  be  excluded,  it  sustains  a  moderate  red  heat 
without  alteration.  It  dinolves  with  moderate  facility  in  boiling  benzene  and  toluene, 
more  readily  in  boiling  aniline  and  oil  of  turpentine,  with  difficulty  in  boiling  ligrom, 
facial  acetic  acid,  and  chloroform,  and  czystallises  from  all  these  solutions  in  beauU- 
nil  white  needles ;  the  finest  crystals,  having  the  form  of  long,  shining  needles,  are 
obtained  from  a  saturated  solution  in  hot  diloroform.  In  alcohol  and  ether  it  is 
almost  insoluble.  It  sublimes  with  moderate  facility  in  plumose  tufts  of  needles 
sometimes  an  inch  long. 

OblorobaBsaBae.  MoirocHLOBOBEirzBirE,  C*HK]!1,  is  formed, together 
with  bensene  snlphochloride  and  thionyl  chloride,  by  distilling  potassium  benzene-sul- 
phooate  with  an  equal  weight  of  phosphorus  pentachloride.  The  quantity  of  monochloro- 
beniene  obtained,  increases  with  the  proportion  of  phosphorus  pentachloride  used,  and 
when  the  benzene  snlphochloride  is  heated  with  the  pentachloride  for  some  hours  in 
sealed  tubes  to  200^-210®,  it  is  completely  decomposed,  according  to  the  equation : 

c«H«o«ci  +  pa»  -  Poa«  +  soci«  +  crhji 

(Barbaglia  a.  Kekuli,  Dent.  Chem.  Ge$.  Ber.  v.  876). 

The  boiling  points,  refractive  indices,  and  specific  gravities  of  monochlorobenzeno, 
prepared  from  benzene  and  from  phenol,  have  been  determined  by  Adrieenz  {IktU. 
CSkem,  Gei.  Ber.  vi.  441),  with  the  following  results : — 

from  Beniene  from  Phenol 

Boiling  point  (at  760  mm.^  .        .        .  181 -d*"— 131  07  182-4<>— 182-68 

Index  of  refraction  for  souum  lime  1*528  1'6266 

Spedfie  gravity  at       ....  0®    112865  at  0^    1*12818 

, 9-79®     111807  „      12-98®     M1421 

„  , 22-48<>    110467  „      20-96®     M0577 

„  „        .        .        .        .  77*27**     104428  „     7816®    1*04299 

BiCHLOBOBBKSBKB,  O'HHTl'.  The  several  modifications  of  this  compound 
are  Harmed  from  the  corresponding  monochlorophenols  by  the  action  of  phos]^ras 
pentachloride : 

C«H*<^2  +  PCa»  -  P0C1«  +  HOI  +  c«fl*<;^ 

Orth(hdiehloroben£ene,  thus  prepared,  is  a  liquid  which  does  not  solidiiy  at 
— 14®,  boils  at  179®  (thermometer  in  the  vapour),  and  has  a  density  of  1*8278  at  0®. 
With  fkming  nitric  acid  it  yields  two  nitro-aerivatives,  0*H*(NO')Q',  one  liquid,  the 
other  erystfl^ising  in  needles  which  melt  at  43®.  It  unites  at  210®  with  fuming  sul- 
phuric add,  forming  a  sulpho-aoid,  whose  barium  salt,  (C*H'Cl%0')'Ba+  2H'0,  crys- 
tallises in  rhombic  plates.  It  is  also  formed,  together  with  the  para-modification,  bv 
direct  chlorination  of  benzene  (Beilstein  a.  Kurbatow,  Deut.  Chem,  Gee,  Ber.  vii. 
1398, 1759). 

Metadieklorobengene,  C.C1.H.G1.H*,  may  be  prepared:  (1.)  By  transform- 
ing the  nitrate  of  metanitraniline  obtained  from  ordinary  dinitrobenzene,  into  the 
corresponding  diazo-compound,  and  adding  to  the  solution  properly  diluted  with 
water,  an  excess  of  platinic  chloride,  whereby  a  light  orange-yellow  predpitate  is 
formed ;  and  this,  when  dried  and  distilled  with  sodium  carl^nate,  yields  metanitzo- 
cfalorobenzene,  which  may  be  freed  by  washing  with  aqueous  potash  from  a  small 
quantity  of  a  phenolic  product  formed  at  the  same  time,  then  distilled  with  steam, 
and  finally  purified  by  two  crystallisations  from  alcohol.  By  reduction  it  yields  an 
oily  metachloraniline,  which  does  not  solidify  when  cooled  by  snow.  On  treating  the 
nitrate  of  this  base  with  a  rapid  current  of  nitrous  add,  and  precipitating  the  result- 
ing solution  of  diazo-chlorobenzene  with  platinic  chloride,  after  dilution  with  water,  a 
predpitate  of  diazo-chlorobenzene  platmochloride  is  obtained,  whidi,  when  washed 
with  water,  dried,  and  distilled  with  sodium  carbonate,  yields  metadichlorobenzene : 

2(o^«ciN«jaci).pta«  -  2CR*cp  +  Pt  +  a«  +  N«. 

The  distillate  is  washed  with  potash,  distilled  with  vapour  of  water,  dried  with 
pbosphoric  anhydride,  and  finally  sulgected  to  fractional  distillation. 

2.  Ordinary  dichloraniline,  prepared  by  the  action  of  chlorine  on  aoetanilide,  and 
distillation  of  the  resulting  dichloracetanilide  with  potash  (iv.  440),  is  converted  by 
the  action  of  ethyl  nitrite  into  meta-dichlorobenzene,  identical  with  that  prepared  by 
the  £nt  method  (Korner,  Gate.  cAim,  ital.  iv.  341). 
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MKadtehloTobciiieDe  li  a  eoloutleas  oil,  haTing  an  odoor  Bimitar  to  th&t  of 
dtbtomobonreue,  but  Himewhat  morp  powerfui.    It  boiU  at   1721°  tun" 
of  712-40  mm.  at  16°  (KSraor).  at  in°~n2-  (Beilatein  ».  Kiirbatow), 
{Witt),  and  does  not  solidify  in  a  miitnreof  ics  aod  Halt,     Nitric  acid  of  ip-  gi-  1 
Bttaclu  it  Tiolently,  forming  a  mixture  of  Ditro'CorapoQnds,  the  cbiet  of  wfflcb  i 
dimtio-metadishloRiboiizsna.     With  weaker  nitric  acid  a  manonitro-dichloTobeiiEei 
i«  obtained,  irhich  malte  at  32'3°  (p.  186),  (Homer). 

Faradiahloroiiman*.  O'.Cl.H.H.Cl.H*  (Barbaglia  a.  Kekuli,  Deut.  Ciem. 
Ga.Str.  T.  e7S:  Eeknli,  tMiI.  vi.  013;  Beilstetn  a.  KiubiLtoir,  i6id.viu  1395,  1769; 
Earner,  0tut.  Mm.  iial.JT.  342). 

Thii  modification  is  formed:  (1.)  B;  direct  chlorinatian  of  beaceae  in  presence  of 
a  small  quantiCf  of  iodine,  the  prodncC  (bus  obtained  being  parified  by  trratment  irith 

SotBsh,  distillatioa  vith  steam,  drpng  with  phospboiic  anhydride  and  fraotioool 
istilla^on.  As  thus  prepared,  hoirever,  it  alwaja  retains  a  small  qoantitj  of 
iodine  (Eorner). 

According  to  Aronheim  (Dtut.  Chen.  Gei.  Bit,  tiii.  1400),  the  cMorinatiou  of  tiia 
bsnzene  is  greatly  facillt&tnd  by  the  preeeQce  of  about  1  per  cent,  of  moljibienum 
pmlaehloride,  rnncb  more  indeed  than  by  iodine.  The  chlorine  is  then  rapidly  absorlwl, 
and.  after  the  comoTal  of  hydrDchlorio  acid  and  molybdeaum  pentacbloride  bj  iraahing 
"with  vater,  the  vbolo  of  the  bonEene  ia  found  to  be  conrerted  into  crystallias 
dichlorobenTOQe,  mixed  irith  only  a  small  quantity  of  oily  liquid  coueieiing  of  di-  and 
tci-chlorabenzenes.  2,  By  the  action  of  phosphorua  pputachloride  on  paradiloropIieiKil 
(Beilatein  a.  Eoclietow). 

3.  By  beating  cblorophenylphoaphoric  chloride  with  phosphorua  pentacbloride : 

poa>(oc*E'Ci)  +  PCI'  -  apoci'  +  cH-a'. 

Hence  it  ia  formed  in  the  action  of  PCI'  on  chloropbenylphosphocic  acid,  the  first 
product  of  which  ia  chlorophenjrlphosphoric  chloride,  and  is  aleo  found  in  aonsldenbU 
quantity  among  the  products  obtained  by  heating  the  potassinm  salt  of  pheaolpua- 
■ulpbonic  acid  with  phosphorus  pentacbloride,  the  direct  product  of  which  ia  al» 
chtorophaoylphosphanc  chloride.  On  rectifying  the  product  of  tbie  reaction,  ootlliiig 
but  Ihionyl  chloride  and  phosphoras  oiychlonde  pofaea  over  at  60''-120''.  while  the 
high-boiling  portion  consists  of  an  oil  trom  which  chluropbenylphospboric  ehlorids 
may  be  nbtaitied  by  frsctieoal  distillsEjon.  the  intermediate  portions  yielding  by 
decompofiitiou  nith  water  a  large  quantity  of  dichlorobenzene,  together  with  ^oe- 
phoric,  hydrochloric,  and  monochlotopboQolphoaphopic  acid,  which  dissolve  in  the  water 
(Kehnlj)- 

pHradichlorohenzone  obtained  by  either  of  theae  processes  is  solid  at  ordiDary 
temperHtures,  melts  at  63°  and  boils  at  172°  (Beilatein  a.  Enrbatow).  at  173-2°  ondBr 
a  prrasura  of  TS7'6  mm.  (K5roer), 

Id  tbe  direct  chlorination  of  benzene,  a  email  qnanlity  of  a  liquid  dichlorobennne 
is  obtained,  consisting  of  a  mixture  of  the  ortbo-and  para-modi ficatjoni.  On  treating 
this  liquid  with  moderately  strong  fuming  aulpburic  acid,  the  oitho-modiflcation  is 
readily  diasolred,  whilst  the  parai-dichlorobenzene,  which  unites  but  slowly  with  the 
ncid  and  only  alter  prolonged  heating,  cryatalliaes  out  on  mixing  the  solution  witli 
water.  The  liqnid  freed  from  excess  of  aolphuric  acid  by  laryla,  and  heated  in  aD 
(ulbath,  gives  off  ortho-dichlorobenzene,  which,  after  washing  with  water  and  diitjl- 
lation.  boils  constantly  at  179°.and  is  converled  by  nitric  acid  into  dichluronitroben- 
Bene  melting  at  43°  (Beilatein  a,  Kurbatow). 

PiBicHLOHOBROKOBBNEESs.  C.Cl.H.H.Br.H'.  Prepared.— 1,  By  decom- 
posing the  platinochloride  of  diazobromobenEene,  obtained  from  octohedral  btomHui- 
liua.  2.  By  decomposing  the  pBrbromide  of  diazochlorobenxone,  prapnied  tram  octo- 
bedral  cbloraniline,  3.  By  boiling  pure  monochlorobeniene  with  excess  of  bromine 
till  tbe  mixture  cryataltisea  on  cooling.  Tbe  products  thus  obtained  are  abaolntely 
identical,  malting  at  67-4°,  and  boiling  at  19S'3°,  under  a  pressure  of  7fi6-12  mm,  at 
19-6°.  Id  other  reapects  thie  chlorobromobenzene  exactly  resembles  parodtbiomo- 
bensone  (Eiiroer,  Gmtetta,  iv,  342}. 

CHi,0BiODOBBNiai(BB. — Tbe  jurU'modificaUon,  C.Cl.H.H.I.E',  prepared  by 
the  diazo-  reaction  from  para-chloraniline,  CTystalliaea  in  large  colourless  prisms  and 
tablets,  having  a  peculiar  odonr,  and  mscb  more  sotnble  in  alcohol  Chan  parabrom- 
iodobenKone,  Aft«r  drying  with  phosphoric  anhydride,  it  boils  constantly  at  S27'6°, 
under  a  pressure  of  761-26  mm,  at  27°.  When  treated  with  nitric  add  it  yields  only 
a  amall  quantity  of  nitro-pfirachloriodobenzene,  other  compounds  being  formed  at  the 
same  time,  with  elimination  of  iodine  (Eomer.  ibid.  313).  According  to  BeiUtein  a. 
Kurbatow,  it  molts  at  66-67°.  and  bails  af  """''  """° 


I 


^^^^^  OrtioahtoriodobenttHe,  C*.C1J^',  prepared  in  like  manner  from  pure  orlho-    ^^ 
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eliloniiiliiie  (freed  from  the  paza-modifioation  by  meant  of  hydroehlorie  add,  which 
diaselTee  chiefly  Uie  latter),  is  a  oolourlees  oU  smellixig  like  ioaobemsene,  and  boiling 
abore  288^  (Kdrner]|,  at  229^-280<',  and  having  a  sp.  gr.  of  1*928  at  24-6^  (Beilstein 
a.  Knrbatow).    Nitric  acid  converts  it  into  nitro-iodobenzene,  without  separation  of  ■ 
iodine  (Komer). 

TftiCHLOBOBBKsaNBS,  CHK)!'  (Beilstein  a.  Knrbatow,  Dettt.  Chem.  Qes.  Ber. 
X.270). — 1.  ttmymmetrical  (1:2:  4). — ^This  modification  was  first  prepared  in  the 
pure  state  hy  Jnngfleisch,  who  obtained  it  by  direct  chlorination  of  bensene  l2nd  Swpj^ 
141).  It  may  also  beprepared  by  the  action  of  PCI*  on  dichlorophend,  O'.OH.CIJS.OI.U' 
(m.p.  42^-43^),  and  from  either  of  the  dichloranilines,  1  :  2  :  4  and  1  :  3  :  4  (KH*  in 
1)>  by  replacing  the  NH'  with  chlorine.  It  melts  at  16^  and  boils  at  213^  (thermo- 
meter in  the  vapour).  By  solution  in  strong  nitric  acid,  it  is  converted  into  nitro- 
triehloTobenxene  (m.p.  68^),  which  yields  a  trichloraniline  melting  at  96^-96^ : — 

a  en  01 


NO" 


NH» 


01 


a 


Hie  nUpkhoddf  CHHTl'JSO'H,  obtained  by  heating  this  trichlorobenzene  with 
faming  sulphuric  add,  forms  barium,  caldum,  and  lead  salts,  which  czystallise  in 
needles  containing  2H>0,  e.^,  (C>HKn*SO*)>Ba  +  2H<0. 

2.  Symmetrieal  (1:3:  6). — ^Formed  by  treating  ordinary  trichloraniline 
1:2:4:6  (NH*  in  1)  with  ethyl  nitrite  (Komer ;  Beilstein  a.  Kurbatow).  It  melts 
at  88*5^  and  boils  at  208*6^  (bar.  at  7C3'8  mm. ;  thermometer  in  the  vapour).  Dis- 
•olves  sparinglv  in  alcohol  and  in  acetic  add  of  60  per  cent.,  eadly  in  ether,  light 
petroleum,  carbon  disulphide  and  benzene.  By  nitraUon  it  is  converted  into 
0»JJO«.CLH.Cl.H.Ca.  melting  at  68<». 

8.  Ccnteeutive  ^1:2:  3). — Metachloracetanilide  (1  mol.)  treated  with  chlorine 
(2  m<^,),  yields  the  acetyl-denvatives  of  two  isomeric  trichloranilines  easily  separable 
by  thdr  different  solubility  in  60  per  cent,  acetic  acid.  The  less  soluble  consists  of 
the  acetyl-derivative  of  the  trichloraniline  with  unsymmetricallv  distributed  chlorine- 
atoms,  the  more  soluble  of  that  with  consecutively  placed  chlorine  atoms : 


NH" 


HH* 


NBP 


*s. 


\ 


01 
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Hie  aeetyl-derivatives  boiled  with  caustic  soda  yield  the  corres^nding  trichlorani- 
lines, the  second  of  which  is  converted  by  ethyl  nitrite  into  consecutive  tridilorobensene. 
This  trichlorobenzene  melts  at  63^-64^  and  boils  at  218^-219.  From  alcohol,  in 
which  it  is  somewhat  sparingly  soluble,  it  crystallises  in  large  tables.  Its  nitro- 
derivative,  C*.N0'.G1.G1.CLH',  forms  needles  having  a  silky  lustre  and  melting  at 
56^-66^,  convertible  by  reduction  into  trichloraniline  with  consecutive  chlorine-atoms 
(Beilstein  a.  Kurbatow). 

Tbtbachlobobbnsbitbs,  C*H'01^— 1.  Symmetrieal  (1:2:4:  6).— This, 
which  is  the  ordinary  modification,  melts,  according  to  Jungfieisch,  at  189^,  and  boils 
at  240^.  Bdlstdn  a.  Kurbatow  obtain  it  from  unsymmetrical  trichlorobenzene 
(1:2:4),  by  converting  this  com^und  into  nitro-trichlorobenzene,  1:2:4:6 
(NO*  in  6),  and  the  corresponding  trichloraniline  (m.p.  96^-96^),  and  replacing  the 
NH«,  bjrchlorine  :— 

a  a  a 
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Symmetrical  tetiBehlorob«iizene  melts  at  1 37^-1 88^  and  boils  at  248^-24^^  (thar- 
mometer  in  the  Taponr).  By  aolation  in  strong  nitric  acid  it  is  conrerted  into  nitxo- 
tetrachlorobenzene,  CHC1X^^)>  melting  at  98^-99^,  yielding  at  the  sama  tima  a 
certain  quantity  of  tetrachloroqninone  (chloranil),  separable  from  the  nitro-compoimd 
by  its  insolubility  in  light  petroleum.  The  formation  of  chloranil  is  Teiy  diancter- 
istic  of  this  modification  of  tetrachlorobenzene  (neither  of  the  others  yielding  it),  and 
affords  a  farther  oorxoboration  of  the  para-position  of  the  ozygen-atoms  in 
chloranil : 

NO"  O 


01 


a 


Sym.  tetnu 
dilarolwmaene. 


l^tn>*tetnu 
dilorol 


o 

GhloraiilL 


2.  Umymmetrieal  (1:8:4:  6). — Obtained,  bnt  not  in  the  pore  state,  bj 
Jungfleisch,  and  by  Otto  and  Ladenburg,  the  melting  points  fonnd  by  these  chemiita 
varying  from  27^  to  36^,  the  boiling  points  from  246®  to  253®.  Beilstein  a.  Knrbatow 
obtain  it  from  ordinary  trichloraniline,  G«.NH>.Cl.H.01.H.a  (1  :  2  :  4  :  6),  by  sabsti- 
tation  of  01  for  NH*.  From  alcohol,  in  which  it  dissolres  but  slightly  at  ordinaiy 
temperatures,  it  crystallises  in  needles.  It  melts  at  60^-61^,  and  boils  at  246®.  Bj 
solution  in  nitric  acid  (sp.  gr.  1*62),  it  is  converted  into  O'.OLKO'.Ol.Ol.Ol.H,  malting 
at  21®-22®. 

3.  Con9eeutive{l :  2 :  8  :  4).— Produced  from  trichloraniline,  0".NH*.0LG1.CLH', 
by  substitution  of  01  for  NH*.  It  crystallises  in  needles,  melts  at  46®-46®,  boils  at 
264®.  By  nitration  it  yields  nitro-tetrachlorobenzene,  O'.Ol.Ol.Ol.Ol.NO^.H,  moltinf 
at  64*6®,  and^  reducible  by  tin  and  hydrochloric  acid  to  tetrachloraniline,  whiw 
crystallises  from  light  petroleum  in  broad  needles  melting  at  118®  (Beilstein  a. 
Knrbatow). 

The  discovery  of  this  consecutive  modification  completes  the  series  of  the  chlori- 
nated derivatives  of  benzene. 

sritrobaBsaBas.  ilfonon<<ro6«n£r0iitf,O*H*NO',  oxidised  with  manganese 
dioxide  and  sulphuric  acid,  yields  as  chief  product  an  add  which  has  the  compositioii 
of  nitrobenzoic  acid,  and  crystallises  in  large  plates  melting  at  284®  (Hassenpflng, 
Deut.  Chem.  Gea.  Ber,  viii.  1188). 

JcHon  of  Ammonium  Sulphite, — Hilkenkamp  (Ann,  Ch,  Pharm.  xcv.  86),  by  heat- 
ing 1  mol.  nitrobenzene  with  8  mols.  ammonium  sulphite,  the  mixture  being  kept 
alkaline  by  addition  of  solid  ammonium  carbonate,  obtained  a  product  consisting 
mainly  of  ammonium  sulphanilate,  O'HMSTH.SO'NH*.  Oarius,  by  the  same  pro- 
cess, obtained  ammonium  disulphanilate,  0'H^(NH.SO*NH«)',  (v.  479).  J.  A. 
Boorda  Smit  (JDeut.  Chem.  Gea,  Ber,  viii.  1442),  proceeding  in  the  same  nuinner,  and 
continuing  the  reaction  for  four  days,  has  obtained  a  product  which  corrobcnutea 
Hilkenkamp's  result. 

AMm  of  Chlorine, — Ohlorine  alone  does  not  act  on  nitrobenzene,  but  in  presence 
of  iodine,  or  better,  of  antimonious  chloride,  it  is  rapidly  absorbed,  with  formation  of 
metachloronitrobenzene,  0*.01.H.N0',H'  (Laubenheimer,  see  p.  182). 

Action  of  Aniline, — ^A  mixture  of  aniline  (2  mols.)  and  nitrobenzene  (1  moL), 
saturated  with  hydrochloric  acid  gas  and  heated  to  230®  in  sealed  tubes  from  which 
the  air  has  been  expelled,  is  converted  into  ammonium  chloride,  water,  and  a  blue- 
black  solid,  the  solution  of  which  in  alcohol  and  acetic  acid  deposits,  on  addition  of 
potash,  a  base  having  the  composition  of  triphenylene-diamine: 

20«H»NH«  +   0»H»NO«  =  2H«0   +  NH«  +  0"H>«N«. 

The  same  base  is  formed,  together  with  water  but  no  ammonia,  when  a  miztare  of 
nitrobenzene  and  diphenylamine  in  equivalent  proportions,  is  saturated  with  hydro- 
chloric acid  and  heated  to  280®  in  sealed  tubes : 

(0«H»)*NH  +  0«H»NO«  =  2HK)  +  (C«H*)»N«. 

When  nitrobenzene  and  aniline  hydrochloride  are  heated  to  160®-170®  in  an  open 
iron  vessel,  azodiphenyl-diamine  is  formed  by  elimination  of  water,  probably  in 
twoMtagoa,  thus: — 
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C«a[*NO«  +  C5«H»NH»  -  H«0  +  C>«H>«NK) 

AsodipheDyldlMDine. 

The  second  of  these  equations  has  been  verified  bj  direct  experiment.  At  high  tem- 
peratures in  sealed  tubes,  ammonia  is  eliminated  and  triphenylene-diamine  is  formed 
as  above  (v.  Dechens  a.  Wichelhans,  Deut.  Chem,  Ges,  Ber,  viii.  1609). 


DiKiTBOBBNZBNB,  CH^NO^  fBlnne  a.  Zincke,  2>Mf^.  Chem.  Ges.  Ber.  vii.  869  ; 
Komer,  Gomm.  okim.  ital.  iv.  864). — ^The  dinitrobenzene  obtained  in  the  ordinary  way 
by  treating  bensene  or  mononitrobenzene  with  faming  nitric  add,  is  a  jnixtnre  at 
three  isomeridee,  the  most  abundant  being  the  ordinaiy  dinitrobenzene,  which  crys- 
tallises firom  alcohol  in  needles  or  laminsB,  melting,  aocOTding  to  most  authorities,  at 
86^.  This  modification,  formerly  regarded  as  vara-,  has  subsequently  been  shown  to 
consist  of  meto-dinitrobenzene  {2nd  Suppl.  924). 

To  prepare  pure  metadinitrobenzene,  Komer  proceeds  as  follows :  Pure  cxrstalli- 
sable  mononitrobenzene  is  gradually  added,  without  cooling,  to  a  mixture  of  equal 
volumes  of  nitric  acid  (sp.  gr.  1*64)  and  fuming  sulphuric  acid  in  quantity  sufiSoient 
to  dissolve  it  completely.  The  whole  is  then  heated  from  twelve  to  fourteen  hours  in 
covered  fiasks,  till  a  sample  of  the  oily  product  which  separates  on  the  surikoe  solidi- 
fies on  cooling.  The  mixture  is  then  poured  in  a  thin  jet,  and  with  constant  agitation, 
into  a  veiy  large  quantity  of  water ;  the  product^  which  separates  in  a  fine  state 
of  division,  is  collected  after  a  while 'in  large  funnels  without  filters ;  and  the  greater 
part  of  the  remaining  nitric  acid  is  removed  by  washing  with  water  under  a  tap.  The 
erade  dinitrobenzene  is  then  pulverised  and  thoroughly  washed  in  a  displacement 
apparatus,  ultimately  with  distilled  water.  The  product  is  then  dried  and  dissolved 
in  a  large  quantity  of  boiling  alcohol,  and  the  solution  cooled  by  inmiersing  the  vessel 
in  cold  water.  The  crystalline  mass  which  separates  is  again  introduced  into  a  dis- 
placement apparatus,  and  washed  with  tepid  water  till  the  washings  are  no  longer 
coloured  on  addition  of  alcohol  containing  ammonia.  After  one  or  two  ciystallisa- 
ticnsfrom  strong  alcohol,  perfectly  pure  metadinitrobenzene  is  obtained  in  thin,  colour- 
las,  opaque  or  semi-transparent,  flexible  needles,  melting  at  89^.  In  thit  respect — 
and  this  alone — it  difiers  from  the  somewhat  impure  dinitrobenzene,  prepared  in  the 
oizdinaiy  way,  the  melting  point  of  which  is  usually  given  as  86°. — 100  pts.  alcohol  of 
99*3per  cent,  dissolve  6*2  parts  of  metadinitrobeniEene  at  24*6° ;  the  same  alcohol  at 
the  Miling  heat  dissolves  it  in  all  proportions. 

The  metaphenylene-diamine  prepared  from  this  pure  dinitrobenzene  does  not 
yieLd  by  oxidation  a  trace  of  quinone.  Hoftnann,  on  the  other  hand,  found  that  the 
diphenylene-diamine  prepared  from  ordinary  dinitrobenzene  gave  on  oxidation  a 
small  quantity  of  quinone,  which  continually  diminished  as  the  dinitrobenzene  was 
fdjfther  purified  by  recrystallisation,  and  ultimately  disappeared  altogether.  Its  for- 
mation was  in  all  probability  due  to  the  presence  of  a  small  quantity  of  the  para- 
modification  (Komer^. 

When  an  alcoholic  solution  of  metadinitrobenzene  is  treated  with  sodium-amalgam 
the  temperature  rises  quickly,  and  the  liquid,  according  to  its  degree  of  concentration, 
becomes  blue,  red,  or  green,  and  finally  black,  these  changes  of  colour  being  probably 
due  to  the  formation  and  subsequent  decomposition  of  nitrosophenylin,  the  compound 
which  Church  and  Perkin  obtained  by  the  action  of  zinc  on  dinitrobenzene  (iv.  116  ). 
On  pouring  the  solution  into  water,  a  black  insoluble  precipitate  separates,  and  the 
supernatant  alkaline  liquid  remains  of  a  blackish-brown  colour.  When  hydrochlorio 
acid  is  added  to  the  alkaline  filtrate,  a  black  precipitate  is  thrown  down,  which  pos- 
sesses add  properties,  is  bsoluble  in  the  ordinary  solvents,  and  gives  by  analysis 
nnmbers  agreeing  with  the  empirical  formula,  C*H*^K)*.  This  substance  is  not  at- 
tacked by  tin  and  hydrochloric  add ;  nitric  acid  converts  it  into  a  yellow  amorphous 
body ;  and  sodium-amalgam  acts  on  its  alkaline  solution,  with  evolution  of  ammonia, 
Imt  without  formation  of  definite  products  (Michler,  lAehig^e  Annalen,  clxxv.  160). 

Alcoholic  solutions  of  caustic  soda  and  potash  produce  a  lively  reaction  with  dini- 
trobenzene, and  black  amorphous  substances  are  formed,  which  are  partly  soluble  in 
alkalis  (Michler). 

Para-dinitroheneene,  C«.NO*.H.H.NO«.n«.— When  the  alcoholic  mother- 
liquors  obtained  in  the  purification  of  crude  dinitrobenzene  are  left  at  rest  for  some 
time,  crystalline  crusts  are  deposited,  which,  when  several  times  recrystallised,  yield 
another  dinitrobenzene,  separating  from  alcohol  in  nearly  colourless  flat  needles 
which  melt  at  170°-172°,  and  sublime  without  alteration.  This  dinitrobenzene  is 
moderately  soluble  in  ether,  benzene,  and  chloroform,  slightly  soluble  in  cold  alcohol* 
almost  insoluble  in  water.    By  reduction  with  ammonium  sulphide,  it  yields  a  nitraa- 


iltae  meltine  at  146°.  and  with  tin  and  hydrochloric  acid  Bphenylene-duiinuioneltiiif  ] 
at  HO".  ThMe  results  ihow  that  tiie  diaitrolwnzeue  just  oeBcr; bed  is  %  para-d«ri-—  ' 
tJTB  (Riane  a.  Zincke). 

OrlhodiHitrobtnrcnr,  CNO'.NO'.H'.— The  oiyatalUiiB  em,U  deponted  hI 
aboTB  mentioned,  from  tlie  alcoholic  mother-liquora  of  crude  dioitroboDxeQe^  contain  1 
also  a  third  modiflcaLion,  vhich  mav  be  separatsd  from  the  two  others  bj-  ri-p«tsd  ^ 
CryaUllisSition  from  diluU  acetic  ncid.     It  crjst&lUses  from  hot  water  in  long  Golfiu^    ■ 
less  opaque  needles,  and  from  acetic  acid  IQ  striated  plaUs  or  serrated   needles,  melt' 
■Dgat  ]I7''-I18°.     When  more  strongly  heated  it  sabllmes  in  forn-Uke  plates.     In 
alcohol,  benune,  and  chtoroform,  it  is  Irsa  soluble  than  the  meta-compauDd.  and  crjs- 
tallissB  from  these  sointioas  in  well-deflnsd  plates.  Bj  hydrogen  sulphide  in  preseuc* 
of  alcohol,  it  is  reduced  to  orthoaitTaiiiliiie,  melting  at  70°-Tl°  (not  at  66°  as  nmnerly 
rtatedl,  ntid  bj  tin  and  hydrochloric  atud  to  orthopheDprleae-diamino,  melting  st  39°.' 
This  third  dinitrobeiiEeDe  is,  therefore,  the  iirfAo-modifioalJon  (Binne  a.  Ziooke,  ibid. 
1372;  ses  farther  Kijmer,  loc.  cil.) 

KltroliroiiiobanBene,  CH'(NO')Br.  The  statements  respecting  the  three  modi- 
Soatious  of  this  compound  in  the  2nd  Suppl.  (pp.  142,  143),  reqoire  considerable 
alteration,  HCCording  to  the  results  of  more  receatiDTeatigations.  The  ortho-ani  parOf 
modifications  (cot  the  tmta)  ace  fbnned  bj  the  action  of  fuming  nitric  acid  on  rooao- 
bromobenzene.  The  para-modiGcatioD,  which  crystallisea  out  first,  melts  at  126", 
and  is  rednced  by  ammoninm  sulphide  or  fBCCona  acstnte  to  porabromaniline  neltiDg 
at  646°.  The  or^Ao-modifl  cation,  which  crystaUises  from  Uie  molher-liqnon,  foimi 
long  needles  melting  at  37°  (Hubner  a.  Alsberg),  at  41"  (Meyer).  By  rednrtioB  «itll 
tia  and  hydrochloric  acid,  it  yields  orthobromaniline.  melting  at  31°  and  boitinff  at 
"•'•"'  I2i!d  Suppl.  044).  Mita-nilrobremobetKene  is  the  modiflcotion  which  Gneil 
''''''  '    omide  of  S-aionitraphenylaiiimoQiuin  with  sodism  caf- 

t  66°,  and  ia  reduced  by  ammonium  sulphide  to  meta- 


Dinitrobromobtimnei.    CH"Br(NO')'.      a.   (Br  :  NO' :  N0'=  1  :  2  :  4). 
Prepared  by  the  action  of  a  miitnre  of  strong  nitric  and  anlphuric  acids  on  mono- 
bromohsniena.     Large  crystals  melting  at  76'3  (FUO^t  Grtindraa  d.  org,  CAonis, 
10t«Auflage,  p.  ZiS). 

P.  (Br  :  NO'  :  N0'=  1:3:4),     ObUined  in  hke  manner  from  (1  :  3)  oitrobto- 
mobeoiene.     Yellow  prisms  or  tablets  melting  at  &9'4°  (Pittig). 

mtrodtbromoltenieDfli,  CH'Br'NO'.  Of  tlie  eii  possible  modifications  of  this 
compound  (p.  16!i).  one  melting  at  8S°  and  prodncsd  by  the  action  of  nitric  acid  on 
paradibromobeniene,  has  long  been  known  (ir.  416),  and  more  recently  two  otbarB, 
produced  in  like  manner  from  the  other  two  dibromobeoienes,  have  been  obtained  by 
le  and  by  Meyer  a.  Stiiber.  The  properties  of  these  bodies  were,  however,  hot 
,s  UDdeTtaken  by  Komer  (  Gars.  aUn, 


I 


—This  ia  the  first  of  the  th»e  modill- 


I 


L 


It  Si-i",  and  cryatallises  from  a  mixture  of  aloohol 
srent  tablets,  not  admictins  of  exact  mea«nr»- 
le  of  their  faces.  Some  of  llie  angles,  howerw, 
agree  with  those  of  the  corresponding  chlorine^erirative,  so  that  these  two  eant- 
ponads  appear  to  be  isomorphous.  A  mixture  of  faming  nitric  and  salphnric  adds 
coDverts  it  into  two  isomeric  dinitrodibromobonxenes.  With  reducing  agents  it  yialdt 
the  dibromaniline  of  Meyer  a.  Wurstor  (Br  :  NH*  ;  Br=  1:3:4),  which  when  its 
ammonia  residue  NH'  is  replaced  by  hromiun,  yields  imsymmetrical  tribromobenieDe 
(p.  168). 

If ilronetadibromtibenttne,— Ot  tbia  eompo\mi  there  are  three  modiflcationn    ' 
represented  by  the  formula  : 

•  In  Walker  •.  Zlaoln's  oecioli'  Bin  diittae  MlDanlUn  ■  (Bnl. 
anlUne  meltlDe  U  IM°  ts  iceudeil  u  ttie  orUia^  not'   ' 
tiaLanda^r^ftt).    SDtMqqaitDMgmtlaDS.  hoi 
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1 

or  1 


2 
2 


6 
3 


1:3:6 


a.  (1 :  2  :  4).  ^  ThiB  modificatioii,  analogofHB  to  ordinary  dibromaniline,  is  formed 
hj  treating  metadibromobenzene  widi  nitric  acid,  either  strong  or  dilate.  'With  add 
OK  Bp.  gr.  1*64  and  an  external  temperature  not  below  20^,  the  action  is  rapid  and 
attended  with  rise  of  temperature ;  with  weaker  acid  heat  mnst  be  applied ;  in  either 
ease  the  yield  of  nitrodibromobenzene  is  but  small,  the  quantity  increasing,  however, 
with  the  strength  of  the  add.  The  product  is  predpitated  and  washed  with  water, 
then  ozystallised  from  boiling  alcohol.  It  forms  needle-shaped  crystals  which,  when 
left  for  a  few  hours  in  the  mother-liquor,  are  converted  into  a  group  of  small  yellow- 
greenish  prisms ;  and  b^  pulverising  these  crystals,  washing  them  repeatedly  with 
alcohol,  and  reczystallising  from  boiling  alcohol,  the  compound  is  finally  obtained 
pure  in  tablets  having  the  colour  of  native  sulphur  and  melting  at  61*6°. 

Aoeording  to  measurements  by  Oroth  and  Bodewig  {Beut.  Chem.  Geg,  Ber,  vii. 
1662),  these  crystals  are  small  four^ded,  nearl^r  right-angled,  triclinic  prisms  exhibit- 
ing the  oombination  ooPoo  .  ooiPao  .  OP,  with  ooT  and  ooF  subordinate,  and 
rarely  F : — 


Axial  ratio: 
Angles  of  the  three 


a(tanoh.) 
0-8870 


6(mflflr.) 


o(v«rtioal) 
1*6960 


plane*: 
A  -  66®  32*;  B  -  97**  12';  C  -  89-1®. 


Ang^  of  the  axes  (6:0;  e\a\  aih)i 

a  -  660  28';  /5  -  97**26';  7  -  92®  4'. 

Ko  deaTage.  The  directions  of  polarisation  on  all  the  vertical  fkces  are  oblique  to 
the  axis  e. 

The  crystals  melt  at  61  '6° ;  are  slightly  soluble  in  cold,  easilv  in  hot  alcohol,  the 
nturated  solution  deponting  the  compound  in  the  form  of  an  oil  which  solidifies  on 
cooling.  It  volatilises  easily  with  a(^ueous  vapour,  and  sublimes  unaltered  if  eradu- 
ally  heated.  A  mixture  of  faming  nitric  and  sulphuric  acids  converts  it  readily  into 
dinitrometadibromobenzene  melting  at  117*4®.  B^  reduction  with  tin  and  hydro- 
chloric add,  it  is  converted  into  ordinazr  dibromaniline,  0*BrHBi(NH')HH. 

/9.  The  second  modificatieii  (Br :  NO* :  Br^l  :  2  :  3)  remains  in  the  last  alco- 
holie  mother-liquors  of  the  preceding,  and  is  ultimately  deponted  as  an  oil,  from 
which  large  colourless  prisms  gradually  separate.  These,  when  mechanicallv  collected 
and recrjpvtallised,  yield  colourless  prisms  or  lamin»,  melting  at  826®,  sublimable and 
volatilising  with  aqueous  vapour.  By  sudden  cooling  from  a  hot  saturated  solution 
the  compound  is  obtained  in  white  opaque  needles  having  a  silky  lustre.  Heated  in 
sealed  tubes  with  ammonia  to  a  temperature  above  180®,  it  is  oouTerted  into  a  nitro- 
metaphenylene-diamine  veiy  soluble  in  alcohol,  crystallising  therefrom  in  red-brown 
n<«dlee,  and  convertible  by  nitrous  ether  into  nitrobenzene.  Heated  for  five  or  six 
hours  with  a  mixture  of  faming  nitric  and  sulphuric  adds,  it  yields  a  dinitrometadi- 
bromobenzene totally  different  from  that  above  mentioned. 

7.  Symmdirie  NUromstadibromobengene,  NO'  :  Br  :  Br  »  1:3:  5. — ^This  com- 
pound is  formed  by  the  action  of  nitrous  ether  on  either  of  the  two  nitrodibromani- 
Unes: 


NO' 


NO" 


Br 


Br 


"NH" 


NH« 


SrdAtp. 


^ 
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The  base  must  be  treated  in  a  flask  oonneeted  with  a  lon^  condenfiiig  tube,  with  s 
saturated  solutioD  of  nitrons  acid  in  absolute  alcohol,  kept  in  excess  dnfiog  the  whole 
of  the  process.  The  action  commences  without  external  heating ;  the  mixture  be- 
comes hot,  gires  off  nitrogen  and  vapour  of  aldehyde;  and  the  nitKobromaniliiw 
dissolves: 

C«H>(NO»)Br*.NH«  +  NO«.C«H»  -  CI«H\NO«)Br«  +   C«H*0  +  H«0   +  N*. 

Towards  the  end  of  the  process  it  is  best  to  applj  a  gentle  heat  and  add  a  little  mora 
nitrous  ether.  The  solution  on  cooling  deposits  the  nitrodibromobenzene  in  ali^tij 
coloured  needles,  an  additional  quantity  of  which  may  be  obtained  by  erapoRa- 
tion  of  the  mother-liouors.  The  product,  washed  with  a  little  alcohol,  distilled  with 
vapour  of  water,  and  crystallised  once  or  twice  from  boiling  alcohol,  fonns  thin, 
transparent,  nearly  colourless,  flexible,  elastic  laminar  ciystals,  2  or  8  mm.  broad, 
and  extending  from  one  side  of  the  containing  vessel  to  the  other.  It  is  sablimmUe, 
and  melts  at  104*6^.  From  ether  it  crystallises  in  large  prisms  or  taUeti, 
which  are  likewise  transparent  and  colourless,  have  angles  of  45^  and  90^,  SAd  caanot 
be  bent  without  breaking. 

This  nitrodibromobenzene  is  vezy  stable,  not  being  acted  on  bv  the  most  eoneeii- 
trated  alcoholic  ammonia,  even  when  heated  therewith  in  sealea  tubes  to  216^  ftor 
several  weeks.  Towards  220^,  however,  decomposition  sets  in,  the  mixtmre  tami 
brown,  small  red-brown  needles  are  formed,  and  after  heating  for  a  few  hours  the 
tubes  burst.  A  mixture  of  Aiming  nitric  and  sulphuric  acid  acts  on  this  nitrodibco- 
mobenzene  as  slowly  as  it  does  on  metanitrobromobensene  (1  :  8),  the  introductioii  of 
another  NO'  into  the  molecule  requiring  in  both  cases  the  use  of  a  large  excess  of 
the  most  concentrated  adds  at  the  temperature  of  the  water-bath. 

By  reducing  the  same  nitrodibromobenzene  with  tin  and  hydrochloric  add,  and 
distilling  with  excess  ofpotash  in  a  current  of  steam,  the  corresponding  dibromani- 
line,  0'(NH*)HBrHBrH,  is  obtained,  which  crystallises  in  very  white  needlea,  melts 
at  66*5^,  and  exhibits  rather  strong  basic  properties. 

NitrchcrthodibromohenzeneM, — Of  the  two  posnble  ortho-modiflcationt : 


NO- 


H0» 


1:2:8 


onlv  the  first  is  at  present  known.  It  is  produced  by  the  action  of  nitric  add  tm 
orthodibromobenzene.  Nitric  add  of  sp.  gr.  1*54  instantly  dissolves  this  compound, 
the  action  being  more  violent  in  proportion  as  the  dibromobenzene  is  more  impure. 
Weaker  acid  acts  less  rapidly,  requiring  the  aid  of  heat  if  the  dibromobenzene  is  quite 
pure.  On  pouring  the  product  into  water,  an  oil^  liquid  separates,  which  dowly  con- 
cretes into  a  pasty  mass ;  and  from  this,  the  principal  product  may  be  extracted  bj 
dissolving  it  m  hot  absolute  alcohol,  and  recrystallising  the  crystals  which  separate 
therefrom,  once  from  glacial  acetic  add,  and  two  or  three  times  from  absolute 
alcohol. 

Nitro-orthodibromobenzene,  when  pure,  forms  fan-shaped  groups  of  long  yellowiah- 
green  needles,  or  when  crystallised  from  dilute  solutions  bv  spontaneous  evaporation, 
large  transparent  prisms ;  when  not  quite  pure,  it  crystallises  in  very  slender  white 
ne^es.  According  to  Groth  and  Bodewig  {J>etU,  Chem.  Get.  Ber,  vii.  1668),  the 
crystals  are  monodinic  tables,  OP .  ooP  with  oo^Boo  quite  subordinate.  Ab  no 
pyramids  or  domes  are  present,  the  ratio  of  the  vertical  axis  to  the  other  two  conld 
not  be  determined.  Cleavage  perfect  parallel  to  o»Pao ,  distinct  parallel  to  ooSoe  • 
The  plane  of  the  optic  axes  is  panJiel  to  the  plane  of  flymmetry.  These  axes 
are  inclined  at  an  angle  of  about  60^. 

The  compound  melts  at  68'6^,  and  sublimes  at  a  very  gentle  heat.  By  a  mixtoze 
of  nitric  and  sulphuric  acids,  it  is  easily  transformed  into  a  dinitro-orthodibro- 
mobenzene.  By  the  action  of  reducing  agents  it  is  converted  into  dibromaniline 
melting  at  80*4°,  distingruished  from  ordinary  dibromaniline  by  the  energy  of  its  bade 
properties,  and  convertible  by  the  diazo-reaction  into  unsymmetric  tribromobenaeDe, 
O'BrBrHBrHH. 
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The  same  nitio-dibTomobenzene  heated  to  180^-190^  for  several  dajs  in  a  sealed 
tube  with  yery  ooneoDtrated  alcoholic  ammonia  yields  an  unsjmmetric  (1:3:4) 
bromonitraniline,  O'.NO'.H.Br.NH'.H',  which  crystallises  in  Teiy slenderneedles 
of  a  fins  oanazy-yellow  colour,  melting  at  104*6^. 

Dinitro-orthodibromobenMene,  C*.Br<Br.HXNO*)«. — A  body  of  this  eomposi- 
tion  is  obtained  by  the  action  of  a  mixture  of  nitric  and  sulphuric  acid  on  ortho-di- 
bzomobensene.  When  purified  by  repeated  crystallisation  from  glacial  acetic  acid,  it 
forms  large  white  shimng  prismatic  crystals  melting  at  168®.  Heated  to  100®  in 
sealed  tulMS  with  ammonia,  it  is  slowly  attacked,  yielding  a  deep-red  liquid  which  is 
readily  acted  on  by  amyl  nitrite,  with  formation  of  a  mono-bromodinitrobenzene 
vhieh  melts  at  87^>  and  is  not  affected  by  ammonia. 

The  aoetie  ae^  from  which  this  dinitrodibromobenzene  was  crystallised  contained 
two  other  bodies :  1.  A  second  dinitrodibromobenzene  crystallising  in  small  white 
needles,  melting  at  120®,  and  acted  upon  in  alcoholic  solution  by  ammonia  at  100®, 
with  finmation  of  a  pale  yellow  bromodinitraniline  melting  at  167®-170®.  2.  A  red 
oil  whieh,  when  heated  to  100®  with  alcoholic  ammonia,  yielded  a  body  crystallising 
in  oiraD|pe-red  scales  and  melting  at  100®.  The  positions  of  the  two  NO'  groups  in 
these  dmitrodibromobenzenes  are  at  present  undetermined  (P.  T.  Austen,  Ikut,  Ckem. 
Gm.  B^r.  Yiii  1182). 

VUffwlrIbromob«BS0iMS«  CH'Br'NO*.  Six  modifications  of  this  compound  are 
possible— three  derired  from  unsymmetrical  (para-),  two  from  consecutire  (ortho-)  and 
one  from  symmetrical  (meta-)  tribromobenzene.  Of  these  one  was  obtained  in  1864  by 
A.  Mayer  {Jmn.  Ch.  Pkarm,  cxxxvii.  226),  by  the  action  of  hot  strong  nitric  add  on 
unsymmetrical  tribromobenzene,  and  four  others  hare  lately  been  prepared  by  Kdmer 
(Gaswetta,  ir.  412). 

1.  Nitroparatribromobentenes. — ^Theaction  of  nitric  acid  on  unsymmetrical 
tribromobenzene  gires  rise  to  two  mononitronieriyatiTes,  the  chief  product  beinff 
identical  with  that  obtained  by  Mayer  (m.p.  93*6®),  while  the  less  abundant,  which 
■epmtes  from  the  mother-liquors  of  the  former,  does  not  melt  at  187®.  A  third 
modification,  melting  at  119*6®,  is  formed  by  substitution  of  Br  for  NH*  in  dibromor- 
thonitzaniline. 

Hie  constitution  of  the  first  and  third  of  these  denTatires  has  been  determined 
by  Komer  experimentally,  whence  also  that  of  the  second  becomes  known : 


HO- 


Br 


NO* 


Br 


NO" 


Br 
loUd  at  ISr. 

yUroparairibramobensMef  C.Br.H.Br.Br.H.NO*,  melting  at  98*6®.  Unsymmetric 
tribromobenzene  dissolves  readily  in  a  large  excess  of  nitric  acid  of  sp.  gr.  1*64 ;  with 
weaker  acid  prolonged  heating  is  requir^,  and  a  small  quantity  of  bromopicrin  is 
formed  at  the  same  time.  The  solution  obtained  in  either  case  gires  with  water  a 
copious  yellow  precipitate  of  the  nitrotribromobenzene,  which,  when  washed,  dried, 
and  repeatedly  crystallised  froiu  a  large  quantity  of  alcohol,  forms  long  needles  of  a 
light  yellow-green  colour.  From  ether  containing  a  little  alcohol,  it  separates  by 
spontaneous  evaporation  in  large  sulphur-yellow,  transparent  crystals  (apparently 
monodinic  pyramids).  It  may  be  sublimed  if  cautiously  heated,  volatilises  quickly 
with  vapour  of  water,  dissolves  sparingly  in  cold  alcohol,  in  larger  proportion  in  hot 
alcohol  and  in  ether ;  it  is  soluble  also  in  glacial  acetic  add,  especially  when  warmed. 
By  heating  with  alcoholic  ammonia  it  is  converted  into  the  corresponding  nitrobro- 
moparaphenylene-diamine,  C*.NH*.H.Br.NH*  H.NO'. 

NUroparatribrofnobensene,  G*.Br.H.Br.Br.KO*.H,  melting  at  119*6®.— This  modi- 
ileation  is  raepared  by  the  diazo-reaction  from  the  dibromorthonitraniline 
C*JBr.H.Br.NH'.NO'.H,  obtained  by  the  action  of  bromine  on  nitroparabromaniline, 
C*JBr.H^.NH'.NO'.H.  The  dibromonitraniline  suspended  in  nitric  acid  of  sp. 
gr.  1*88,  is  exposed  to  a  rapid  current  of  nitrous  acid  gas ;  the  resulting  solution, 
filtered  if  necessary,  is  treated  wich  a  solution  of  bromine  and  potassium  bromide  in 
hydrobromie  acid ;  the  orange-bellow  precipitate,  after  washing  with  water  and 
draining,  is  decomposed  bv  boiling  alcohol ;  and  the  crystalline  residue  left  on  evapo- 
rating ^0  alcoholic  solution  is  repeatedly  distilled  with  vapour  of  water  till  it  beoomea 
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colovrleM.  Hie  Bubstance  Urns  obtained  ie  a  mixture  of  two  compoundfl,  wiiidi  may 
be  sej^aiated  bj  erystalliBatioii  from  acetic  acid,  Hie  chief  product  eeparatiiig  thave* 
from  in  long  white  needlee,  while  the  mother-liqaors  yield  a  small  qnantity  of  aaothor 
■nbetance  not  yet  analysed,  which  crystallises  in  yellow  tablets.  The  needles  consist 
of  nitroparatrihromobensene  melting  at  1 19*6° ;  they  are  grouped  in  tnfts  and  haTS 
a  strong  silky  lustre.  The  compound,  heated  to  140'^  with  alcoholic  ammonia,  is  xe- 
convertod  into  the  dibromonitraniline  from  which  it  was  prepared. 

JSitro^ratnbromobensene,  C.Br.NO'.Br.Br.H.H,  not  Jtmble  at  187^.— This 
modification  is  found  in  small  quantity  in  the  mother-liquors  of  the  first  described 
nitropaiatribromobenzene,  melting  at  98*5°  (p.  179).  These  liquors  still  contain  a 
considerable  quantity  of  the  last  mentioned  modification,  among  tne  crystals  of  whidi 
are  found  crusts,  and  sometimes  separate  crystals  of  lighter  colour  and  different  f onn ; 
and  on  picking  these  out  and  reciTstallising  them  seyeral  times,  first  fh>m  alcohol 
and  then  from  a  mixture  of  alcohol  and  ether,  the  compound  is  obtained  in  transparent 
nearly  colourless  rhombic  tablets.  When  heated  to  187°  it  sublimes  in  splendid 
transparent  prisms  and  tablets. 

mnUroparairibromobefUfene,  C«.Br  J?0«.Br.Br.H.NO«  or  C«.Br.N0«.Br3r.N0«.H.— 
This  compound,  which  Majrer  obtained  in  an  impure  state,  is  easily  prepared  by  dis- 
solying  tne  mononitro-deriTatiye  just  described  in  a  mixture  of  fuming  nitric  and 
solphuric  acids,  and  heating  the  whole  for  some  time  on  the  water-bath.  On  pouring 
the  solution  into  water,  drying  the  resulting  precipitate,  and  crystallising  it  from  a 
large  Quantity  of  boiling  alcohol,  the  dinitro-compound  is  obtamed  in  yeUow-greeo 
ciyBtals,  melting  at  186°  (at  125°  according  to  Mayer) ;  and  when  these  crystali^ 
which  in  the  pure  state  are  but  wry  slightly  soluble  in  alcohol,  are  dissolved  in  ether, 
and  the  solution  is  left  to  evaporate  very  slowly,  very  large  prisms  and  tablets  are 
obtained,  having  a  pale  yellow-green  colour,  extremely  transparent,  highly  refractive, 
with  an  adamantine  lustre,  and  cleaving  with  great  distinctness.  Heated  with 
alcoholic  ammonia  it  yields  the  corresponding  dinitrobromophenylenediamine. 

It  is  not  vet  decided  by  which  of  the  two  formnlse  above  given  the  constitution  of 
this  dinitro-derivative  ought  to  be  represented,  but  the  question  might  be  decided  hj 
ascertaining  from  which  of  the  other  two  mononitroparatribromobenzenes  it  might 
also  be  prepared.  By  the  action  of  alcoholic  ammonia  the  dinitro-compound  is  eon- 
verted  into  a  dinitro-bromaniline. 

2.  Nitro-orthotribr^mohenB$ne9. — Of  liiese  there  arc  two  Taxieties  repre- 
sented by  the  formultt : 

NO-  NO- 


The  first  modification,  CNO^.H.Br.Br.Br.H,  may  be  prepared  from  dibromopara* 
nitraniline,  0*.N0'.H3r.NH'.Br.H,  in  the  same  manner  as  the  nitropaiatribromo- 
benzene melting  at  119*5°.  is  prepared  from  dibromorthonitraniline.  The  product 
is  purified  by  repeated  distillation  with  vapour  of  water,  and  crystallisation  from 
alcohol. 

The  pure  substance,  which  separates  first  from  the  alcoholic  solution,  fbtms 
splendid  many-faced  crystals,  perfectly  transparent  and  nearly  colourless.  It  mdts 
at  112°,  and  maybe  sublimed.  It  is  very  slightly  soluble  in  cold  alcohol,  moia 
readily  in  boiling  alcohol,  and  moderately  soluble  in  ether.  Better  defined  crystals 
are  obtained  from  a  mixture  of  alcohol  and  ether. 

By  reduction,  this  nitrobromobenzene  is  converted  into  the  corresponding  tri- 
bromaniline,  G».NH«.H.Br3r.Br.H.  Heated  for  ten  hours  to  120°  with  alcoholie 
ammonia,  it  is  converted  into  ammonium  bromide  and  the  dibromoparanitranilina 
from  which  it  was  prepared.  A  hot  mixture  of  fuming  nitric  and  sulphuric  adds 
converts  it  into  a  yellow-green  substance — probably  a  dinitro-1  :  2  :  S-tribromobeniene 
— whidi  melts  at  162*4°,  and  forms  with  potash  a  sparingly  soluble  dnnabar-red  salt. 

The  same  mononitro-orthotribromobeiuene  is  formed  by  the  action  of  ethyl  nitrite 
on  the  tribromorthonitraniline  obtained  by  the  action  of  bromine  on  orthonitro- 
metabromanilipe,  and  its  formation  in  this  manner  shows  that  the  tribromo- 
mtnniUne  in  question  must  be  xepieBenledby  tine  loxmo^  CP.l^Q*.HJBcJSc3rJinBP. 
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The  seeond  modification  of  nitto-orthotribromobenzene,  C.NO'.Br.Br.Br.H',  has 
not  jet  been  obtained  with  certaintj,  but  ia  perhaps  contained  in  the  product  of  the 
action  of  nitric  acid  on  orthotribromobenzene. 

8.  Nitrometatribromobeneene, — Symmetric  tribromobencene  can  evidentlr 
jield  bnt  one  mononitro-deriyatiTe,  riz. : — 

NO" 


V 


ainoe  it  if  indifferent  between  which  pair  of  bromine-atoms  the  nitiyl-group  ia  intro- 
dnced.  Thia  nitxo-deriTatiTe  ia  produced : — (1)  By  boiling  symmetric  tribromobenaene 
with  Aiming  nitric  add  till  the  yiolent  erolution  of  nitrous  fames  is  oyer.  The  pro- 
dnct  may  be  precipitated  by  water,  and  ia  easily  purified  by  a  few  crystallisationa 
from  alcohol  and  ether  (C.  L.  Jackson,  DmU,  Chem,  Ges.  Bwr,  viii.  1172).  r2)From 
tribromometanitraniline,  C.Br.NH*.Br.N0'3r.H,  by  substitution  of  H  for  NH*.  A 
aolution  of  this  base  in  alcohol  saturated  with  nitrous  acid  is  gently  heated  in  a  fiask 
eonnected  with  a  long  reflux  condenser.  A  brisk  action  then  takes  place,  torrents  of 
nitzo^en  being  given  off,  which  cany  with  them  a  large  quantitjr  of  aldehyde.  The 
reaction  is  completed  by  adding  a  farther  quantity  of  nitrous  ether,  and  heating  for 
■ome  hours  in  a  water-bath.  On  distilling  off  part  of  the  solvent  and  leaving  the 
zemaining  solution  to  cool,  the  nitrotribromobenzene  separates  in  needle-lhaped  crystals 
which  may  be  purified  by  washing  with  alcohol  and  subsequent  distillation,  under 
ordinaiy  or  greatly  reduced  pressure,  according  as  the  quantity  is  small  or  large. 
Under  11  mm.  it  distils  constantly  at  177^  (Korner,  Gaze,  chim.  ital.  iv.  422). 

This  nitrotribromobenzene  forms  hard  yellowish-white  perfectly  inodorous  rhombic 
laminar  twin-crystals,  insoluble  in  water,  sparingly  soluble  m  cold,  more  easily  in  warm 
alcohol,  easily  soluble  in  ether,  benzene,  and  carbon  sulphide,  somewhat  soluble  in  glacial 
acetic  add  (Jackson).  It  dissolves  easily  in  boiling  chloroform,  from  which  it  sepa- 
rates on  cooling  in  very  large  nearly  colourless  prisms.  It  melts  at  125*1^  (KomerV 
at  124*5^  (Jackson).  B|^  reduction  with  tin  and  hydrochloric  acid,  it  is  converted 
into  ordinary  tribromanihne,  which  therefore  has  the  constitution  C.NH*.Br.H.Br.H.Br. 
Heated  to  170°  in  sealed  tubes  with  alcoholic  ammonia,  it  decomposes  slowly,  with 
formation  olparanitfvbroinometadiamidobensene,  G*.NO'.NH*.H.Br.H.NH* : — 


NO" 


NH« 


NO" 


'^Br 


NH« 


NH« 


Br 
Nitro-m-tzibmiK>> 


Br 
▲midoHn-tritxromo- 


Br 

jKiiitiotarooio- 
m-dlamidolMnHM. 

DmUromeifUrihromobmsene,  C.NO*.Br.NO'.Br.H.Br. — This  compound  is  formed 
from  symmetric  tribromobenzene,  according  to  Korner,  by  the  action  of  nitric  add  of 
ap.  gr.  1*54  (whereby  Jackson  obtained  the  mononitro-derivative) ;  according  to  Jackson 
l^  prolongs  digestion  with  a  mixture  of  fuming  nitric  and  strong  sulphuric  adds. 
ify  repeatedly  washing  the  resulting  white  mass  with  water,  and  crystallising  from 
alcohol,  it  is  obtained  in  shining  white  needles,  melting  at  187°  (Jackson),  at  192° 
(Korner).  It  is  insoluble  in  water,  sparingly  soluble  in  cold,  more  readily  in  hot 
fdcohol,  easily  soluble  in  ether,  benzene,  and  carbon  sulphide,  less  soluble  in  gladal 
aoetie  add  than  the  mononitro-compound. 

This  compound  is  not  attacked  by  caustic  potash,  but  alcoholic  ammonia  converts 
it  into  sparingly  soluble  amido-denvatives,  which,  when  treated  with  potash,  yield 
derivatives  of  a  dioxjrbenzene,  and  apparently  also  of  phlorogludn.  By  heating 
-with  a  mixture  of  fumingnitric  and  sulphuric  acids,  it  is  converted  into  symmetric 
trinitrotribromobenzene  (Korner). 

srttrotetrabromolMiimeBas.    A  mononitrotetrabromobenzene,   CH(NO*)Br*, 
obtained  by  A.  Mayer  and  by  Biche  a.  Berard  by  nitacation  of  tetrabromobensene, 
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as  a  oyBtalline  substance  meltiDg  at  88^  (I«<  Suppl.  269).  V.  too  Biehtar  (DmU.  CkmL 
G$s,  Ar.  Till.  1427)  finds  that  unsTmmetrical  tetrabromobenzene  1:3:4:6,  or 
1  :  2  :  4  :  6  (p.  170),  boiled  -with  nitric  acid  of  sp.  gr.  1*64,  is  converted  into  dioiitRh' 
tetrabromobenzene ;  vith  acid  of  sp.  gr.  1*62  into  a  mixture  of  di-  and  mooo-tetia- 
bromobenzene,  and  with  add  of  sp.  gr.  1*60  into  pure  mononitrotetrabromobenzeneu 
This  compound  ciystallisetf  from  absolute  alcohol  or  benzene  in  imperfectly  developed 
prisms,  which  after  several  reciystallisations  melt  constantly  at  96^.  It  appean, 
however,  to  be  susceptible  of  two  modifications  differing  in  their  melting  pointa. 
After  fiision  in  a  capillary  tube  and  solidification  by  rapid  cooling,  it  melta  at  teni- 
peratures  much  below  90°,  sometimes  even  at  60° ;  but  the  substance  thus  sdlidifiad 
giaduaUpr  reverts  (in  about  an  hour)  to  the  modification  which  melts  constantly  at  96^. 
A  solution  of  the  nitrotetrabromobenzene  in  a  small  quantity  of  boiling  abadlnte 
alcohol  sob'difies  on  cooling;  to  slender  needles,  which,  when  left  at  rest,  are  conrertad 
(with  especial  quickness  m  sunshine)  into  shining  laminsB  melting  at  96°.  If  the 
needles  be  quickly  dried  by  pressing  between  bibulous  paper,  they  melt  below  90°-30°, 
and  exhibit  the  above-mentioned  gradual  transformation  into  the  modification  melting 
at  96°.  The  needles  appear,  therefore,  to  consist  of  the  more  fusible  modification  (sLp. 
about  60°),  but  thev  always  contain  more  or  less  of  the  higher  melting  variety. 
These  mo(^cations,  nowever,  if  really  distinct,  cannot  depend  on  the  relative  poaitioos 
of  the  bromine  and  nitiyl,  as  the  introduction  of  the  latter  group  into  either  of  the 
two  vacant  places  must  give  rise  to  the  arrangement  O.Br.Br.Br  NO'.Br.H.  Three 
nitrotetrabromobenzenes,  differing  in  their  mode  of  orientation,  are  possible,  one 
formed  from  each  of  the  three  tetrabromobenzenes,  viz. : 


Br 


Br 


NO* 


NO- 


NO* 


Br 


Br 


Br 


VltroolilorobeiiBenea.  NitromonochUrohenzene,  CH'(N0*)C1  (Lauben- 
heimer,  Dmd,  Chem,  Ges,  Ber,  vii.  1766 ;  viii.  1621 ;  Beilstein  a.  Kurbatow,  ibid.  viiL 
1417). — ^Two  modifications  (a  and  0)  of  this  compound  are  formed  by  the  action  of 
nitric  acid;  on  monochlorobenzene  (2nd  SuppL  144).  A  third  is  produced  br  passing 
chlorine  into  nitrobenzene  mixed  with  about  10  per  cent,  of  iodine  (chlorine  alone 
does  not  act  on  nitrobenzene).  The  gas  is  readily  absorbed,  and  when  a  suflScient 
quantity  has  been  passed  into  the  liquid  to  form  nitrochlorobenzene  and  iodine  tri' 
chloride : 

C«H»(NO«)  +  I  +  a»  -  HQ  +  ia«  +   C«H*(N0«)C1, 

the  liquid  after  a  while  solidifies  to  a  crystalline  mass.  On  agitating  this  mass  with 
an  alkaline  solution,  washing,  and  crystallising  it  from  alcohol,  pure  nitrochlorobCTzene 
is  obtained,  identical  with  that  which  Griess  produced  by  heating  the  platinum  salt  of 
the  diazo-compound  obtained  from  metanitraniline  with  soda. 

If  the  nitrobenzene  used  in  the  preparation  contains  free  benzene,  hexchlorobenzeoe 
is  formed  at  the  same  time ;  in  this  case  the  product,  after  washing,  must  be  distilled 
in  a  current  of  steam,  and  the  solidified  distillate,  which  is  free  from  hexchlorobenzeme^ 
crystallised  from  alcohol  as  above  (Laubenheimer). 

According  to  Beilstein  a.  Kurbatow,  a  better  product  is  obtained  by  the  use  of 
antimonious  chloride.  A  rapid  stream  of  chlorine  is  passed  through  a  heated  mixture 
of  200  grams  of  nitrobenzene  and  20  grams  of  antimonious  chloride,  and  as  soon  aa 
the  weight  of  the  vessel  has  increased  by  62  grams,  the  contents  are  washed  with  hydro- 
chloric add,  water,  soda-ley,  and  again  with  water.  The  product  is  then  twice  dist^ed, 
the  portion  distilling  between  230°  and  246°  being  each  time  collected  apart,  uid 
that  which  boils  below  230°  is  again  chlorinated ;  the  portion  boiling  above  246° 
soon  deposits  crystals  of  hexchlorobenzene.  The  liquid  distilling  at  280°-246°  is 
poured  off,  cooled,  and  made  to  solidify  by  the  introduction  of  a  crystal  of  pure  nitro- 
chlorobenzene ;  the  remaining  liquid  is  drained  off^  and  the  diy  mass  crystaUised 
several  times  from  alcohol. 

The  nitrochlorobenzene  obtained  by  either  of  these  processes  crystallises  firom  a 
warm  alcoholic  solution  in  large  vellowish  rhombic  prisms,  in  which  the  axial  ratio 
alb  :  c»  0*6608  :  1  :  0*4976.  Observed  combination  qo  P  oo.  oo  P.  r  oo.  j^  oo.  Angle 
«oP;ooP-I21°28';oof  oe>:$a>«U6°^r;  5  »  *. P  »  -  96°-6l'.    Plane  of  optie 
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90  $  Oft.    The  azu  e  is  the  first  median  line  and  negative.    A  section  parallel  to 
the  base  exhibits  the  following  Talaes  of  the  axial  angle  in  air : 


Nasyellow. 
91«  23' 


Tlegreen. 
91<»46' 


eom 
44 


The  oomponnd  has  a  strong  odour  like  that  of  bitter  almond  oil ;  snblimes,  even  at 
mparatiTUj  low  tempeiatnres,  in  very  long,  flat,  shining,  flexible  needles,  melts  at 
*2^  (oorr.  44*4^]^  and  boils  nnder  a  pressure  of  740*7  mm.  at  227^  (corr.  286-6^). 
It  dissolres  easilj  in  ether,  benzene,  chloroform,  carbon  sulphide,  glacial  acetic  acid, 
and  hot  alcohol,  less  readilj  in  cold  alcohol,  and  easil j  forms  supersaturated  solutions. 
Bnng  identical  with  the  chloronitrobensene  which  Griess  obtained  ftom  metanitraniline, 
it  is  itself  a  meta-compound,  and  accordingly  its  melting  point  is  intermediate  between 
those  of  the  two  modifications  obtained  by  nitration  of  chlorobenaene : — 


880. 


44-4<>. 


Orfho. 
82-6<'. 


Metanitvoehlorobensene,  boiled  with  a  mixture  of  fhming  nitric  and  strong  sul- 
phuric acids,  is  conyerted  into  chlorodinitrobenzene,  CHKiS^O^',  which  forms 
Urge  thick  yellow  crystals  melting  at  88^-39^.    Metanitrochlorobensene,  heated  with 

alcoholic  potash,  yields  dichloroxazobenzene,  niH«Gl^N^^'  "^^^  crystallises 
in  pale  yellow  needles  melting  at  07^  (Laubenheimer). 

Dinitroehlorobenwenest  O'H'ClfNO*)*. — (I)  Nitn-crthocKUmmUrobengmu, 
(CI :  NO'  :  NO'—  1  :  2  :  4),  is  formed  b^  tiie  action  of  a  mixture  of  strong  nitric  and 
sulphuric  acids  on  oitho'  and  para-nitrochlorobenzene ;  also  from  cMlinitrophenol, 
(On  :  NO'—  1  :  2  :  4),  by  the  action  of  FCl*.  It  crystallises  in  orthorhombic  prisms, 
malting  at  60^  (Jungfieisch,  2nd  8uppL  146):  at  63*4^  {FUtig't  Orundriaa  d,  org, 
ChemU,  1877,  p.  343). 

(2)  NUromOacklormUfchenzene,  CI :  NO'  :  NO  - 1  :  8  :  4  (Laubenheimer,  DeiU, 
Ckem.  Gea,  Ber,  ix.  760,  768). — This  compound  is  formed  by  heating  metachloronitro- 
benzene  with  excess  of  fuming  nitric  add  and  strong  sulphuric  acid,  and  separates,  on 
pouring  the  product  into  water,  as  a  yellow  oil  which,  on  cooling,  solidifies  after  a 
while  to  a  crystalline  mass  having  a  faint  yellow  colour.  It  is  somewhat  sparingly 
soluble  in  cold  alcohol,  but  dissolves  easily  in  hot  alcohol  and  in  ether.  It  is  some- 
what TolaUle  with  vapour  of  water.  Its  solutions  produce  painfkl  blisters  on  the 
skin. 

Nitro-m-chlorobenzene  exists  in  four  physical  modifications,  oonvertible  one  into 
the  other ;  three  of  them  (a,  iS,  y)  are  solid,  the  fourth  is  liquid. 

The  »-modification  separates  on  cooling  from  a. solution  of  the  crude  product  in  a 
small  quantity  of  warm  alcohol,  at  first  as  an  oil,  in  which  needle-shaped  crystals 
form  after  some  time.  These  may  be  freed  from  adhering  oil  by  draining  and  pressing, 
and  after  these  operations  have  been  repeated  several  times,  the  needle-shaped  crystaliB 
change  into  large  thick  monoclinic  prisms,  exhibiting  the  faces  oo  f  oo,  oo  P,  £  od,  OP. 
Cleavage  parallel  to  OP.  Twins  occur  united  by  ooi^oD.  Aaual  ratio 
aihio^  1*8878  :  1  :  0*9810.    Angle  of  inclined  axes  » 114^  14'. 

This  modification  melts  at  86*8^,  but  gradually  passes  into  the  y-modification 
(m.  p.  88*8%  the  transformation  being  accelerated  by  pressure  or  friction,  and  taking 
place  immediately  when  a  small  quantity  of  the  a-modification  is  melted  in  a  capillary 
tube  and  then  left  to  cool. 

The  iS-modification  is  obtained  by  immersinff  a  considerable  quantity  (about  100 
^rams)  of  the  »-modificcltion  contained  in  a  tube  m  water  of  89^-40°,  till  the  whole 
IB  fused,  then  removing  it  from  the  water  and  leaving  it  to  cooL  The  crystals  are 
monoclinic,  with  an  elongated  prismatic  development  and  no  perceptible  cleavage ; 
hard  and  brittle.  Axial  ratio,  a;h  \  ««  0'6249  :  1  :  0'5600.  Ajigle  of  inclined  axes 
-91®  27'.  Observed  forms,  ooP;  $od;  -5od;  -P.  This  modification  melts  at 
ST'I^,  and  gradually  passes  into  the  y-modification  (m.  p.  88*8®). 

tiie  7-modification  is  formed,  as  already  mentioned,  by  transformation  of  the 
other  two,  and  likewise  separates  ftom  the  watery  liquid  into  which  the  oil  obtained 
by  heating  m-nitrochlorobenzene  with  sulphuric  and  nitric  acids  is  poured.  It  crys- 
taUises  in  long  thin  shining  needles  belonginj^  to  the  orthorhombic  system,  and 
exhibiting  a  tolerably  distinct  cleayage,  by  which  character  they  are  distinguished 
from  the  /3-modification.  From  the  o-modification  they  are  distinguished  by  Uieir 
optical  properties.  The  angles  of  the  optic  axes  of  t^e  two  modifications  for  red, 
yellow,  and  green  light  being  as  follows : — 

7or  li,  red. 
a.  .  44°  16' 

•>..         .         .         6d<»42' 


Ka,  yellow. 

Tl,  green 

46<»  81' 

46*56' 

47**  17' 

86<»  16' 

I 
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Tha  donbls  [cfr»utioii  io   ths  a-modi£cBt[oa  is  vory  strong  sad  nsgative; 
y-modificaCioa  moderauly  etJMiig  ocd  positiro. 

Either  of  the  threi  crystalline  moiliGc&tiDas  mny  be  obtained  at  will  by  intiodoe- 
iog  B  orysla!  of  the  desired  modiG^ution  into  the  fused  salisl«nce  or  its  atheroi]  (oIdIjoil 
If  crysCsls  cf  two  modification  a,  a  and  0  for  eisTople,  be  introduced  simultaneoualy 
into  the  liquid,  crystals  of  both  are  produced. 

IJquid  modification. — A  modificBdoii  vhich  remained  liquid  for  many  woelu  vac 
obtsiiDed  by  immeTgiiig  capillary  tubes  containing  crystals  of  the  ^-modiGeatJoa  in  » 
la^  quantity  of  watir  at  43°,  niid  leaciag  it  to  cool  down  grodoaUy  to  ths  tempen- 
tofeoflheoir. 

Btactiom. — 1.  Nitriunetachlorotiltrobrazeiie,  heated  with  soda-ley,  jialds,  as  chief 
prodnct,  a  ohloronitrophenol,  CH'C1(0H)N0',  which  ciyatallinea  from  water  in  deUc&t« 
lemon-jellaw  prisms,  sublimes  in  long  mtcdles,  and  melts  st  33  9°: 

CH'a(NO')'  +   NaOH  =   NaNO'   +   C'H'C1(0H)N0'. 

2.  With  aniline  at  oidinary  temporaturcs,  it  forms  in  the  Snt  instanco  anilin* 
nitrite  and  chloronitrodipheaylamine : 

(?H"C!(SO')'   +   2CH\HH')  -   Cfl'(NH').HO'H  +  CE'CICNO-W  jjg . 

ths  aniline  oitrite  then  reacts  with  aaothsr  molecule  of  aniline  to  form  diuo- 
amidobenxene: 

(?H'(NH').N(PH  +  CH'.NH'  -   2H»0   +   CH>— N>— NH(CH') ; 
and  the  latter,  on  BubapquoDl  treatment  of  the  product  with  hydrochlorii!  add,  ia 
transfonned  into  amidaiobenzeae.  CH'.N'.CH'(NH'). 

S.  Nitrometachloronitrobenzene,  boiled  with  tin  and  bydrochloric  acid,  i»  ooa-  ' 
Tert«diiitoachtoropben;Iene-diamine,  CH'Cl(NH')',  which  crjstallisea  from  I 
water  in  small  cjlaurl«ss  laminEC  melting  at  7^°.  and  formB  a  hydrochloride  which 
giTes,  with  ferric  chloride,  a  deep  rod  liquid  and  an  amorphous  dark  biown-rod  pre- 
cipitate. An  attempt  to  reduce  thia  chlorinated  base  to  the  CDrrespoDdliig  phenylsBS- 
diamine  by  the  octJon  of  eodi urn-amalgam,  and  thereby  determine  its  coustitutioo,  and 
consequently'  tbat  of  the  nitrometseMoronitrobeniene  from  whirh  it  is  formed,  was 
not  ancceasful,  tbn  uctiun  of  fiodium-amalgua  on  it  being  oitrenely  iilow.  ConEider- 
itig,  however,  that  this  chlorophenylene-diamine  reacts  with  ferric  chloride  in  the 
aame  njanner  as  orthophenjlBne-diamiEo,  that  nitro-nt-chloronitrobeniene  is  formed 
by  nitration  of  (1  :  3)  cbloronitrobenzene :  and  that,  us  shown  by  WrobUraky  {Dmt. 
Chem.  Gbs.  Bit.  yii.  1060),  there  is,  in  moat  cases  of  the  formation  of  tri-derivaliTM 
of  benzene,  a  marked  tendency  to  the  formation  of  unsymmetrical  in  preference  to 
sjiometrical  or  consecutire  modiUcations,  it  appears  moat  probable  that  the  chloro- 
phenylene-diamine in  qneation  bas  the  oonatitntion  1  :  8  :  *,  or  C.CI.H.NH'.NH'3', 
and  (hat  the  nitrometachloronitrobenzene  from  which  it  is  farmed  is  acconliiigly 
tXJl.H.NO'.NO'.H'  (Laubenheimer,  Dnrf.  Citm.  Ga.  Bar.  »i.  788). 

yUrodichloTobemenes.  CR'rSO'yCl'.-NUroparadiehloroimnnt  (1:2:6), 
or  C*.N0'.C1.H.H.C1.H,  is  produced  bj  the  action  of  nitric  acid  on  patndichloio 
benzene  {2nd  Siippl.  IISJ ;  slsa,  together  with  metanitrochlorobeuzene,  by  the  action 
of  chlorine  on  mononitrobsaiene  in  presence  of  antimonions  chloride,  being  gradoallj 
dopDHitad  &om  the  higher-boiling  portiona  of  the  product  (250''-2flU°)  in  cmtals,  the 
separation  of  which  may  be  facUituted  by  the  introducHoa  of  a  crystal  of  the  pore 
substance.  Its  fbrmation  in  this  last  reaction  is  due  to  the  further  chlorinatioa  of 
the  metanitrocblorobenzeiie  formed  in  the  first  instance,  snd  aSbrde  an  additional 
illuBtratiou  a(  the  fuct  observed  in  other  instances,  that  sabstitution  in  meta-deriyativea 
takes  place  in  the  same  manner  aa  in  the  primary  componnds.  This  monochloro- 
benzene  yields    by   cblorination   parndichlorobenzene,  tc^tber  with  a  very  small 

Santityof  thoortho-modiBcation  ;  and  in  like  manner  when  metanitrachlorobeliEeae, 
.Cl.H.NO'.H',  is  chlorinated,  the  second  atom  of  chlorine  ^bh  into  the  para- 
position  with  regarl  to  the  first,  the  product  being  (1:3:4)  □itrodichlorobenaana, 
C'.OI.H.NO'.CIH'  (BeUstein  a.  Kurbatow,  DnU.  Chem.  Ga.  Btr.  vii.  139fi). 

NitroparadichlorobenEiiue  melts  at  55°  (B.  and  K.),  at  SiS",  and  volatilisca  easily 
with  vapour  uf  water  (Kiimer),  Heated  to  160"  in  sealed  tubes  with  alcoholic  ammonia 
it  eichuiKeB  an  atom  of  chlorine  for  NH^,  and  is  converted  into  orlhonitioparachlot' 
aniline,  C'.NH'.tfO'.H.Cl.H'.  Heated  with  aleohelio  potatk,  it  is  converted  into 
tetraohloraEOiybeajene,  (CH»C1')'N'0,  ttgelher   with  orthonilroparachloro- 

Shfcol  (m.  p.  e6°-87°),  C".0H.N0'.H.C1.H' (2»kI  Snopl.  812),  and  a  dichloraniline. 
l«.NH'.Ci.E,Cl.H',  melting  at  49-6'',  and  identical  with  that  which  Jungfleiach  and 
kLesimple  obtained  by  treat4Qg  dichloronilTohenEcne  with  tin  and  hydrochloric  acid  . 

(I*obflnlieiinrr,  Datt,  CAem.  Get.  Sir.  vii.  16IK1).  J 
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Kitiopazadidiloiobeniene,  heated  with  a  mixture  of  fWiog  nitric  and  aalphnrie 
odfl,  is  conyerted  into  a  mixture  of  two  dinitroparadichlorobeuEenes,  a  and 
^  the  former  cryatalliBing  in  faintly  yellow-green  laminse,  melting  at  104*9°,  the  latter 
in  oolonrleea  prisma  or  &tt€ned  needles  mdting  at  101-3° ;  these  two  modifications 
may  be  separated  by  fractional  crystallisation  from  alcohol,  in  which  the  a-modifica- 
tion  is  less  soluble  than  the  fi  (Eomer,  Gagg,  chim,  Ual.  iv.  350). 

U'Dinitroparadiehlorobengene  is  analogous  in  constitution  to  the  dinitro- 
chloiophenol  which  is  obtained  by  the  action  of  chlorine  on  iS-dinitrophenol, 
0*.OHJ>rO'.H.H.H.NO*  (2m;  Svppl.  927),  inasmuch  as  it  is  conyerted  by  frision  with 
potash  into  this  same  dinitrochiorophenoL  These  three  analogous  compounds  are 
therafore  constituted  as  follows : — 


OH 


OH 


NO- 


NO" 


N0» 


NO- 


NO" 


^-DinltropbanoL 


a 

DinitroohknopbenoL 


NO* 


Dtnitropandiohlorobenaene. 


and  o-dinitrodichlorobenzene  is  metadinitroparadichlorobenzene. 

For  the  /3-modifleation  of  dinitroparadichlorobenaene  there  remain  therefore  the 
two  farmvlm : — 

a  a 


NO- 


01 


en 


and  at  present  it  does  not  appear  possible  to  say  which  of  the  two  represents  its 
aetnal  constitution. 

This  dinitrodichlorobenzene,  heated  for  some  days  in  sealed  tubes  to  160°-160° 
with  alcoholic  ammonia,  exchanges  one  of  its  nitryl-groups  for  amidogen,  and  is  con- 
rated,  with  elimination  of  water  and  nitrogen,  into  mononitrodichloraniline : 

0»H«C1XN0«XN0«)  +  2NH»  -  N«  +  2H«0  +  C«H«01«(N0«XNH«). 

which  cryitallises  in  yellow  easily  sublimable  needles  melting  at  66*4°,  and  is  con- 
yerted by  ethyl  nitrite  into  nitroparadichlorobensene : 

Cra»a«(NO«)(NH«)  +  NO«C«H»  -  C«H»C1XN0«)  +  C«HK)  +  N«  +  HK). 

The  last  body,  heated  with  ammonia  for  two  days  in  sealed  tubes  to  160°-160°,  is  con- 
Torted,  acocnding  to  the  equation : 

0«H»C1«(N0»)  +  2NH«  -  NH<01  +  0>H»01(N0«)(NH«) 

into  monoehloronitraniline,  which  crystallises  from  alcohol  in  spherical  groups  of 
deep  oranga-colouxed  needles,  melting  at  116*4^,  and  perceptibly  yolatile  at  ordinary 
temparatures ;  and  this  base,  treated  in  alcoholic  solution  with  ethyl  nitrite,  is  con- 
Tertedintometanitroohlorobenzene,  O'.CLH.NO'.H.HJBl,  which  czystallises  in  yellowish 
prisms  or  tablets,  melting  at  48° : 

C«H»a(NO«)NH«  +  NO»C«H»  -  0>H«(N0»)C1  +   0«H«0  +  H«0  +  N«. 

These  lueoessiye  replacements  are  consistent  with  either  of  the  two  formulsB  of 
dinitroparadichloiobeniene  abore  given,  as  may  be  seen  from  Uie  following 
diagruns: 
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HH" 


NO" 


a 


CI 


NO" 


NO" 


HO^ 


01 


a 


(Eomer,  Gate,  ehim.  itah  it.  350). 

2.  Nitromeiadicklorobensene,  (1:2:  4),  op  C«.N0*.C1.H.C1.H« —Nitric  acid  of  sp. 
gp.  1*54  acts  violently  on  metadicblorobenzene,  fopming  mononitpometadichloxoben* 
sene,  togethep  with  othop  products,  the  most  abundant  of  which  is  a  dinitro-eom- 
pound.  But  by  using  a  more  dilute  acid  (10  pts.  acid  of  sp.  gp.  1*64  to  1  pi,  water)* 
and  assisting  the  action  with  a  gentle  heat»  nitrometadichlopobensene  is  obtained 
almost  as  the  only  product ;  and  on  ppecipitating  and  washing  with  water,  and  re- 
peatedly cpystallisiDg  from  strong  alcohol,  this  compound  is  <H>tained  in  yt-ry  long 
transpapent  pyramidal  needles  haying  a  faint  yellowish-gpeen  coloup.  It  melta  at 
32*2°,  is  modepately  soluble  in  cold,  yery  soluble  in  boiling  alcohol,  and  in  all  propor- 
tions in  ethep. 

With  the  most  concentrated  nitric  acid,  op  bettep  iu  ppesence  of  sulphuric  acid,  it 
is  conyepted  into  dinitrometadichlopobenzene,  which  in  the  pupe  state  melts  at  lOS^, 
and  crystallises  from  a  mixtupe  of  alcohol  and  ethep,  in  splendid  transparent  prioni 
hayiui?  a  &int  sea-green  tint,  and  finally,  if  treated  with  potash  (of  the  concentration 
))  it  yields  chloride  and  dinitrometachlorophenate  of  potassium. 

This  uitpometadichlopobeuzene,  heated  to  160^  in  sealed  tubes  with- alcoiiolie 
ammonia,  is  converted  into  the  corresponding  nitrometachloraniline, 
C.NO'.NH^.H.Cl.H^  one  of  the  chlorine-atoms  being  replaced  by  amidogen ;  and  thii 
base  treated  with  an  alcoholic  solution  of  ethyl  nitrite  is  converted,  with  oppioos 
evolution  of  gas,  into  paranitpochlopobenzene,  C*J70'.H.H.C1.1P,  melting  at 
88'3^.  The  nitrometachloraniline,  peduced  by  tin  and  hydpochloric  acid,  yields  mono- 
chlororthodiamidobenzeme,  C*.NH*.NH*.H.Cl.Il*,  which,  by  prolonged  treat- 
ment with  sodium-amalgam,  is  converted  into  Griess's  orthodiamidobenzene: 


NO" 


NO" 


NO" 


NH" 


NH" 


NH* 


a 

01 

01 

01 

1 :  S  :  4  Nitrameta- 
didilorobenseDe. 

Nftro-mets- 
chlonmfUne. 

Faraiiitro- 
chlorobenienc. 

Chlorotthodi* 
•midobttiuwne. 

Symmetrieal  Nitrometadichhrobensene,  C*.N0'.H.C1.H.CLH  (Kopnep,  Croz^etta,  iy. 
376;  O.  N.  Witt»  DeiU,  Chem,  Oes,  Ber.  vii.  372;  viii.  144).— This  modification  if 
ppepaped  by  tpeating  dichlopopapanitpaniline,  C'.NO^.H.Cl.NH'.Cl.H,  with  nitxons 
ethep  in  alcoholic  solution,  distilling  ofif  the  greatep  part  of  the  alcohol,  ppecipitating 
with  watep,  and  distilling  the  precipitated  ppoduct  in  a  cuprent  of  steam.  To  obtain 
it  quite  pure,  Witt  dissolves  the  distilled  product  to  saturation  in  warm  petrolenm- 
benzin,  and  exposes  the  solution  to  a  low  temperature.  The  pure  compound  then 
separates  out  in  crystals,  while  a  secondary  product,  which  lowers  its  melting  point, 
femains  in  solution. 

Symmetric  nitrodichlorobenzene  crystallises  from  boiling  alcohol  in  very  long  thin 
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flexible  lamiiuB,  5  or  6  mm.  broad,  melting  at  69*4^  (Korner) ;  from  petioleum-benxiii 
in  large  prieme  melting  at  e4°-.66^  (Witt).  In  its  other  physical  and  in  its  chemical 
propertiee  it  resembles  the  corresponding  bromine-derivatiTe,  excepting  that  it  dis- 
aolTee  more  easily  in  alcohol.  It  is  not  attacked  by  ammonia,  eren  at  the  highest 
temperatures  in  sealed  tabee.  Tin  and  hydrochloric  add  reduce  it  to  symmetrical 
dichloiamline : 


N0» 


NO" 


KH« 


Diehkropsn* 
nltranfflne. 


^rminetiio  Nitn>> 
dichlorobeaKoe* 


QjmiBetrie 


4.  Nitrihcrthodiehlorobensene,  (1:8:4)  C«.NO«.H.a.OLH«.  —  Phxliified, 
together  irith  an  isomeric  liquid  oompoond,  by  the  action  of  nitric  add  on  cothodi- 
ehlorobensene.  Long  needles  melting  at  48^  (flttig^s  OrundrUt  eUr  orgoMaohen 
Ckmme,  lOte  Aoflage,  842). 

Sltroehlorobromobeiisenea  (Eomer,  GaggeUa,  iv.  877).  NUrojparachlofth' 
hrmnobenMtnea,  C*.C1.N0'.H.&.H*. — The  strongest  nitric  acid  acts  upon  parachloro- 
bvomobenzene  in  the  same  manner  as  on  paradibromobenzene  (p.  176),  and  the 
■olation,  mixed  vith  water,  yields  a  crystalline  predpitate,  which,  when  dried  and 
crystallised  from  alcohol,  forms  crystals  melting  at  68'6°,  and  intermediate  in  all 
their  properties  between  nitroparadichloro-  and  nitroparadibromobensene.  This 
oompoood,  heated  with  ammonia  in  sealed  tubes  to  160^  for  ten  or  twelve  hours,  is 
ednrated  into  a  substance  which,  in  its  melting  point  (lir4^)  and  other  properties 
doselT  resembles  nitropaTabromaiiiline,  C.NH^.NO'.H.Br.H*.  It  is  formed  from  Uie 
nitrocnlorobromobenzene  by  substitution  of  NH^  for  CI. 

llRifomdaMcTolmmobenMenet  1  :  3  :  4,  or  G'.01.H3r.N0*.H*. — Nitrometachlorani- 
line  mixed  with  nitric  acid  of  sp.  gr.  1'38.  and  subjected  to  the  action  of  a  current  of 
nitrous  acid,  dissolres  almost  completely ;  and  the  solution  mixed  with  bromine  die- 
solred  in  aqueous  potassium  bromide,  yields  a  crystalline  diazo-perbromide  which, 
i^ien  washed  with  water,  dried,  and  Jecomposed  by  absolute  alcohol,  yields  nitro- 
metaehlorobromobenzene,  the  relative  positions  of  the  radides  in  which  are  deter- 
mined by  its  mode  of  formation.  The  com{>ound,  purified  by  distillation  with  steam, 
and  repeatedly  crystallised  from  alcohol,  is  obtained  in  light  yellow  ^reen  needles, 
melting  at  49*6^.  Heated  to  160^  in  sealed  tubes  with  alcoholic  ammonia,  it  is  recon- 
verted mto  nitrometachloraniline. 

Another  niirametaekloroliramobensefu,  1:8:4  or  CBr.H.Cl.NO'.H',  appears  to 
be  formed  by  the  action  of  strong  nitric  acid  on  metachlorobromobenzene  (m.  p.  196°). 
A  yiolent  action  takes  place  in  the  cold,  and  on  pouring  the  resulting  solution  into 
water,  a  semifluid  mass  separates,  which  soon  crystallises,  and  after  repeated  crystal- 
lisation from  alcohol,  forms  long  slightly  yellow  needles  dosely  resembling  nitro- 
metadichlorobenzene,  and  melting  at  46*8° — that  is  to  say,  at  a  temperature  exactly 
intermediate  between  those  of  nitrometadichloro-  and  nitrometadibromobenzene 
(32*^  and  61*6°).  Its  analysis  showed  the  presence  of  chlorine  and  bromine  in 
equiyalent  quantities.  Heated  to  160°  in  sealed  tubes  with  ammonia,  it  is  converted 
into  a  substituted  aniline,  which  separates  from  alcoholic  solution  in  rather  Urge 
crystals,  resembling  those  of  nitrometachloraniline,  excepting  that  they  are  rather 
darker-colomed  and  less  soluble,  intermediate  in  fact  in  these  respects  between  nitro* 
metachlor-  end  nitrometabromaniline.  Its  melting  point,  187°,  is  also  the  arith- 
metical mean  between  those  of  the  same  two  bases.  By  analysis  it  js  found  to  contain 
1  at  chlorine  and  1  at.  bromine  to  12  atoms  of  carbon,  whence  it  would  appear  to  be  a 
mixture  in  equal  numbers  of  molecules  of  nitrometachlor-  and  nitrometabrom-aniline. 
It  cannot,  however,  be  separated  into  these  two  compounds,  and  hence  it  is  rather, 
perhaiw,  a  mixture  of  the  two  bases,  C«.C1  JH.Br.NO«.H.NH«  and  C«.Br.H.Cl.NO«.H.NH». 

This  amidated  compound  is  decomposed  by  ethyl  nitrite,  and  the  poduct  purified 
by  distillation  with  steam  and  repeatedly  crystallised  from  alcohol,  yields  a  number 
of  compounds,  the  least  soluble  of  which  is  paranitrobromobensene  melting  at  126*6°, 
whilst  the  last  mother-liquors  deposit  large  flattened  needles  melting  at  80*3°,  and 
in  appearance  to  metanitrochlorobenzene. 
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Ss/vunilTieel  SitrocAlorobromobtnaM,  C.O.H.NO'.H.Br.H.— When  the  )>«»«>■ 
nitropwaehlaraaiUiie,  C'Cl.H.NO'.NH^.Br  K,  obtained  b;  trejitLDK  Ditrapusoblar- 
aniline,  CCl.H.NO'.NH'.H',  BnsjwndBd  ia  strong  hydrochloric  acid  with  bramiiW' 
TnpouT  (p.  203).  ia  placed  ia  coniact  with  n  large  exeesa  of  tthyl  nitrite  coDtMoing 
absolute  olcohal,  it  dissolves  ilovly  at  ordinar;  tempemtuFM,  Uie  miitoie  becomiag 
hot,  and  giring  off  nitrogen  togother  with  vaponr  of  aldahyile.  If  core  bo  taken  to 
modents  the  action,  and  the  ethjl  nitrite  be  kept  constantly  in  oxceas,  a  ali^tl; 
coloured  solution  will  be  obtuined.  from  vhlch  long  flattened  needlei  are  deposited  on 
coaling.  These,  niter  vaahing  with  a  little  alcohol,  may  be  completely  pnriflad  by 
dlitillation  witb  vapour  of  water. 

The  substance  thus  obtaiaed  cryatattises  in  long  aeedlaB  melting'  at  82'G°,  which 
is  not  Ilie  arithmelicul  mean  iietween  Che  melting  poinu  of  synmietrical  nitrodichloro- 
and  nitrodibraniobenEenB.  The  chlorobrominatfd  derivative  cosemblea  theae  two 
componnda   in   il>   eitraotdinacy  reBistance  to   the  uotion  of  ammonia  and  otliet 

)ritraeI>I(irloao1>eiuen»(EoniBT,  Qartttla,  ir.  381).  A'itrBpariiciloriadabeiutHt, 
C.Ol.H.NO'J.H'.— Nitroparachloraniline  (m.p.  lia-l")  mixed  with  nitric  add  of  ap. 
gT-  1*38,  and  treated  with  nitrous  acid,  disaolves  quickly,  and  ia  conTert^d  into  a 
diaso-componnd,  which,  when  trea(*d  with  hydriodic  acid,  yields  a  semi-flaid  naaa, 
containing  the  nitrochloriodobeniene,  together  with  free  iodine,  which  mnst  ba  re- 
moved by  potash-solution.  The  rBDUiining  substance,  washed  with  water  and  crystal' 
lised  from  hot  alcohol,  forms  spherical  groups  of  neodlos,  Tery  much  like  trilwomo- 
metanitiunillne,  Out  somewhat  lighter  in  colour.  It  melta  at  SB'S",  and  may  ba  Tolati- 
lised  without  decompositjou. 

A  product,  apparently  differing  &om  the  preceding  only  in  the  position  of  the  HO* 
group,  is  formed  by  the  action  of  nitric  acid  of  sp.  gr.  I'bi  on  piiraiodoclllorobenz«ne 
disBolTed  in  a  large  eicess  of  glacial  acetic  acid. 

IfUnHnetaciloriodobentiiHt,  G'.CI.H.I.NO'.H'.— Nitromotacbloranilina,  treated  ta 
the  maooer  just  described,  yields  a  straw-yellow  substance  which  crystallises  thitn  ■ 
mixture  of  alcohol  and  ether  in  large  well-defined  priama  malting  at  flS'l",  It 
ToIstJlisea  easily  with  vapour  of  water,  and  disBolTBs  easily  in  hot  alcohol,  sporingl; 

Another  nilTemttackloriodobeiirtne,  probably  C.I.H.CI.NO'.H',  is  formed  by  tbe 
action  of  the  strongest  citric  acid  on  metachlonodnbenzone.  It  is  somewhat  lifter- 
coloured  than  tho  preceding  compound,  and  ia  distingnisbed  Uiecofrom  chieSy  \>j  ita 
higher  melting  point  and  its  crystalline  form. 

iritrobromlodobenaenea  (Komer,  Qiutdla,  iv.  383).  NUropan^Totniode- 
bentme,  (1  :  3  :  *}  or  CBr.H.NOM.H',— By  docomposing  with  dilute  hydriodicodd, 
the  solutiDn  of  the  diazo-compound  produced  by  the  action  of  nitrona  acid  on  a 
mixture  of  octhonitroparabromanillns  and  nitric  acid,  a  product  is  obtained  which, 
when  purified  in  the  manner  above  described  in  the  case  of  nitroparachloriodobenzene, 
melts  at  90'4°  has  exactly  the  appearance  of  iri/mmeianitraiiUine,  and  has  the  consti- 
tution ropreeanted  by  the  formula  above  pven. 

NHromtliOrvmiodobmtiBt,  (1:3:  *)  or  C*.Br,H.I.NO'.H'.~Produced  in  like 
moaner  by  tho  action  of  hydriodic  acid  in  large  excess  on  tho  diaio-compound  obCainad 
by  passing  a  strong  current  of  nitrous  add  vapour  into  a  miitnre  of  ortbmutro- 
metabromaniline  and  nitric  acid  of  sp.  gr.  1*38.  The  solid  product  which  separates  ia 
washed,  distilled  with  aqueous  vapour,  and  puriQed  by  ci^stallisation  from  nlcobol. 
It  ia  thus  obtuned  in  large  transparent  doep-yellow  crystals,  quite  different  in  form 
flxiai  those  of  the  compound  last  described.  It  melta  at  S3'5°.  and  when  heated  to 
180°  in  scaled  tubes  with  alcoholic  ammonia,  yiulda  ammonium  iodide,  together  with 
nitrometabromaniline  melting  at  isr4°. 

Another  nUtomUabromioSobetatfu.  (1:3:  4),  or  C.I.n.Br.NO'.H',  having  Uia 
bromine  instead  of  the  iodine  in  tha  ortho-podUon  with  respect  to  the  niCry],  is 
obt»ined  by  gently  heating  metabromiodobenxene  with  the  stron|>est  nitric  acid  till  it 
is  completely  dissolved,  and  pouring  the  solution  into  water.  The  crystalline  pred- 
pitate  thua  obtained  is  a  mixture  of  at  least  two  compounds,  the  nnre  abundant  of 
which  may  be  eanly  espamted  and  purified  by  repeated  ciystallisation  from  etrang 
boiling  alcohol,  whereas  the  other,  which  remains  in  tha  mother-liquors,  and  ulti- 
mately separates  on  concentration  in  naarly  white  needles,  is  difficult  to  puri^.  'Xhe 
principal  product  crystallises  from  alcohol,  on  cooling,  in  lemon-yellow  needles  meltinf 
at  136  8°.  By  spontaaeoos  evaporation  from  its  solution  in  a  mixtore  of  alcohol  and 
<n  the  other  hand,  it  is  obtained  in  large  transparent  rectangular  tables,  of  ■ 


( 


1^^^^     light  nrRnge-jellow  colour.    It  is  more  soluble  in  alcohol  and  in  ether  than  tli«  cop-    ^^ 
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zespondhig  di-iodo-deriTatiTe,  and  less  soluble  in  these  liquids  tlian  the  dibzcimo-deri- 
TtttiTe.  Heated  to  176^  in  sealed  tnbes  with  alcoholic  ammonia,  it  is  transformed 
into  nititmietiodanilineu 

The  oomponnd  which  remains  in  the  mother-liquors,  and  crystallises  as  abore 
mentioned  in  oolonriess  needles,  is  probably  constituted  as  represented  hj  the  formula 
0»XN0«3r.H«. 

NUrtHfrtkobromiodobeiuene,  CIJBr.H.NO'.H'. — ^Flaranitro-orthobromaniline  treated 
in  the  manner  described  for  the  preparation  of  nitro-paraiodobromobencene  from  nitro- 
paxabromaniline,  yields  a  product  slightly  soluble  in  alcohol,  and  crystallising  from 
the  concentrated  solution  in  large  prisms,  having  a  Terr  £unt  yellowish-green  tint, 
and  melting  at  106^.  Alcoholic  ammonia  decomposes  it  Teiy  slowly,  the  reaction 
requiring  many  days  for  its  completion,  eyen  at  190° ;  the  product  is  mtro-orthobrom- 
amline,  C«jra«3r  JLNO«.H«. 

.The  same  nitro-orthobromiodobensene  is  produced  by  treating  orthobromiodoben- 
aene^  O'J.BrJS^  with  the  strongest  nitric  add,  which  dissolves  it  quickly,  without 
separation  of  iodine.  The  solution  poured  into  water  gives  a  precipitate,  which, 
when  washed,  dried,  and  crystallised  from  alcohol,  yields,  as  princioal  product,  a 
nitio-orthiodobromobenzene  melting  at  106*1°,  and  identical  with  that  last  described, 
the  mother-liquors  retaining  products  of  lower  melting  point,  which  have  not  yet 
been  ezanuned. 

Vltrodliodobensenest  C*H*(NO)^'.  The  compound  containing  the  two 
iodine-atoms  in  the  para-position  relatively  to  one  another,  cannot  be  prepared  by  the 
action  of  strong  nitnc  acid  on  paraiodobenzene,  which  indeed  is  thereby  decomposed, 
with  separation  of  1  atom  of  iooine,  in  whatever  manner  the  action  may  be  conducted ; 
both  at  high  and  at  low  temperatures,  and  with  or  without  the  intervention  of  acetic 
acid,  the  ^oducts  are  always  free  iodine  and  paranitro-iodobensene,  O'.NO'.H.H.I.H'. 

NUrometadiiodobetuene,  CLHJ.NO'.H*.  —  Metadiiodobenxene,  obtained  from 
crystallised  metaiodaniline,  dissolves  veiy  slowly  in  nitric  add  if  the  add  is  heated, 
of  sp.  gr.  higber  than  1*52,  and  employed  in  large  excess.  On  pouring  the  resulting 
solution  into  water,  nitrometadiiodobenzene  separates  as  an  orange-yeUow  apparently 
amorphous  powder,  which  may  be  purified  by  washing,  drying,  and  solution  in 
boiling  alcohol ;  and  the  liquid,  filtered  while  hot,  deposits  the  compound  on  cooling 
in  small  scales  having  the  colour  of  neutral  potassium  chromate  with  a  faint  azure 
reflex.  By  spontaneous  evaporation,  the  alcoholic  solution  deposits  the  compound  in 
acute  quadratic  octohedrons,  which,  if  the  solution  also  contains  ether,  are  truncated 
by  the  face  OP;  this  &ce  is  also  more  developed  as  the  proportion  of  ether  is  greater, 
the  aystals  ultimately  taking  the  form  of  huge  transparent  highly  lustrous  tablets 
of  a  light  orange-yellow  colour.  The  compound  melts  at  168*4°,  has  a  high  spedflc 
gravity,  but  is  slightly  soluble  in  ether,  ver^  slightly  in  cold  alcohol,  more  easily  in  hot 
alcohol.  Heated  for  a  few  days  to  170°  with  alcoholic  ammonia,  it  yields  a  yellow- 
brown  solution  containing  large  lance-shaped  laminsB  of  nitrometaiodaniline, 
C«J.H.NH«JJO«Ja«. 


AatJon  of  Votaflstmn  Ojmnid^  on  the  Xaleld-deiiwatlwea  of  vitro- 

OBO  (V.  y.  Bichter.  Deut.  Chem.  Qea,  Ber.  iv.  668 ;  vii.  1147 ;  viii.  1418).  This 
tzansformation,  which  consists  in  the  replacement  of  the  nitro-aroup  by  cyanogen, 
and  the  subsequent  conversion  of  the  resulting  nitril  into  an  acid  (replacement  of  CN 
by  OOOH),  by  boiling  with  alcoholic  potash,  takes  place  with  various  degrees  of 
fiftdlity,  according  to  the  number  of  atoms  of  Br,  CI,  &c.,  in  the  molecules  and  their 
positions  with  respect  to  the  NO'-group.  Thus  the  replacement  of  NO'  by  CN  takes 
place  in  nitromonobromobenzene  more  easily  than  in  nitrobenzene  itself,  and  still 
more  easily  in  the  nitrodibromobenzenes.  With  nitroparadibromobenzene  (m.  p.  84°) 
it  takes  place  at  about  120°,  whereas  with  the  nitromonobromobenzenes  it  requires 
s  temperature  of  160°-180°.  The  product  obtained  with  nitroparadibromobenzene 
is  a  dibromobenzoic  add  which  crystallises  in  nacreous  flattened  needles,  melting  at 
161°,  and  forming  easily  soluble  barium  and  calcium  salts,  (CH'Br*.C0M'Ba+6H'0 
and  (C«H»Br«.CO«)«Ca  +  8HK). 

In  the  conversion  of  the  monohaloid-derivatives  into  aromatic  acids  by  this  pro- 
cess, the  group  ON  does  not  go  into  the  place  previously  occupied  by  the  NO',  but 
takes  up  a  position  one  step  nearer  to  the  halogen  element ;  consequently  the  para- 
and  meta-chloronitro-,  bromonitro-derivatives,  £c.,  can  be  converted  in  this  manner 
into  substituted  benioie  adds,  but  the  ortho-deriyatives  cannot ;  thus : — 
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(1  :  8)  melting  at  161^ 
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NO- 
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Br 


1:8 


glTCi 


NO* 


00«H 


(1  :  2)  melting  at  147". 


Br 


1:2 


NO" 


does  not  react  vith  potassium  cyanide. 


In  like  manner  with  the  chloronitrobenzenes  and  the  bromonitrotolnenes : 
Br  Br 

00-H 


1:8:4 

bromonitro- 

toluene 


giTes 


NO" 


Bromisotoloic  add. 


OH" 
Br 


OH" 


1:2:4 

bromonitzo- 
tolnene 


giyes  no  reaction. 


As  the  ON  in  these  reactions  does  not  go  into  the  place  of  the  NO',  the  change  w 
dearly  not  one  of  ordinal^  doable  decomposition,  but  rather  one  of  addition  and  sAse- 
qnent  partition,  perhaps  in  the  following  manner.  On  heating  the  halonitrobensene 
with  potassium  cyanide  and  alcohol,  an  addition  of  hydrogen  cyanide  takes  place,  two 
doubly  linked  carbon-atoms  of  the  benzene-ring  being  partially  separated,  and  tiie 
cyanogen-group  pladng  itself  near  the  nitro-group.    At  the  same  time  the  presence  of 

Sotash  determines  the  separation  of  nitrous  acid  (Uie  presence  of  which  may  he  actuaUy 
emonstrated),  and  thereby  the  normal  benzene-ring  is  re-established : 


Bt 


Bx 


+  CNH  « 


cX    \ro" 


y\ 


\y 


+  NO«H 


cs 


H 


In  the  case  of  a  meta-derivatiye,  the  mechanism  of  the  reaction  may  be  explained  in  a 
similar  manner ;  in  that  of  an  ortho-derivative  there  is  no  room  for  change  of  plioe^ 
MDd  tiierefore  the  reaction  does  not  occur. 
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Hie  fbfinatioci  of  nitriU  in  these  reactions  has  not  been  dixectlj  proyed ;  at  the 
high  temperatiire  of  the  reaction  indeed  (180^-250^),  they  appear  to  be  immediately 
eonyrted  into  aeide  bj  the  joint  action  of  potaBsium  cjanide  and  ammonium  carbonate, 
which  ia  always  formed  in  considerable  quantity.  The  boiling  with  alkalis  after  the 
action  of  the  potassium  cyanide  may,  therefore,  in  most  cases  be'  dispensed  with* 
8odinm  eyanide  acts  in  the  same  way  as  cyanide  of  potassium. 

With  the  more  highly  brominated  benzenes,  the  reaction  takes  place  in  a  similar 
manner,  whenerer  there  is  room  for  a  shifting  of  the  position  of  the  substituted 
radicle;  thus: — 


Br 


Br 


giTes 


HO" 


GOV 


Dibromobenzoio  acid  (m.  p.  161^*152^). 


giTes 


DibromobenEoic  add  (m.  p.  208^-200^). 


OCTH 


Br 


NO" 


give  no  reaction. 


i0»  0*H*(NO).  When  solntiona  of  nitrofyl  bromide,  NOBr,  and 
mereuzy  diphenyl  in  benzene  are  mixed,  colourless  crystals,  probably  consisting  of 
0*H*HgBr,  separate  out»  while  the  liquid  assumes  a  green  colour,  and  emits  a  smell 
of  mustard  oil : 

Hg(Cra»)«  +  NOBr  -  CWH«(NO)  +  Hg(0*H»)Br. 

On  distillation  a  green  liouid  passes  oyer  containing  nitrosobennne,  which,  how- 
eyer,  has  not  been  obtained  in  the  ^ure  state.  By  treating  it  with  tin  and  hydro- 
chloric add  it  is  conyerted  into  aniline,  and  on  heating  it  with  aniline  acetate,  it 
yields  aaobenaene.  Acids  decompose  it,  hydrochloric  acid  produdng  a  yellowish-rad, 
and  sulphuric  add  an  intense  reddish-yiolet  colour. 

Nitrosobensene  is  also  formed  by  using  nitro^l  chloride  instead  of  the  bromide, 
and  instead  of  benzene,  chloroform  or  carbon  sulphide  as  a  solyent.  Nitrosyl  chloride 
18  best  employed  in  the  form  of  SnCl*.2N0Cl,  which  compound  is  readily  obtained  in 
large  yellow  ciystals  by  passing  the  vapour  of  aqua  regia  oyer  stannic  chloride 
(A.  Baeyer,  Deut.  Chem.  Gei.  Ber,  yii.  1638). 


Aintdob0nB0n0a« — ^Aiitlln00« 

AirxLiirs.  PHsif  tlaxikb,  C*H\NH'. — The  relative  auantities  of  this  base 
contained  in  different  coal-tar  oils  have  been  approximately  determined  by  Watson 
Smith  {Chem,  8oe,  J.  [2],  xii.  8o3).  Those  known  as  *  light  coal-tar  oils,'  yazying  in 
sp.  gr.  from  0900  to  1*000,  appear  to  contdn  aniline  in  largest  Quantity  and  least 
eontaminated  with  homologous  bases.  The  oils  obtained  hj  distillinff  with  caustic 
9oda  the  black  spent  acid  dl)tained  in  the  treatment  and  rectification  m  crude  benzol, 
mre  larger  in  quantity  but  contain  less  aniline. 

Formaium  JroM  Dibmukydroxtimio  Acid, — ^Aniline  maybe  obtained  fifomdibens- 
hydrozamic  aoid  (q.v.)  by  converting  the  latter  into  diphenyl-urea,  benzanilide  or 
phenyl  eyanate,  according  to  the  following  equations,  and  decomposing  these  com- 
pounds  1^  the  action  of  adds  or  alkalis : — 

I.  IXbemhydroxamio  add,  heated  with  excess  of  caustic  soda  yields  beozoie  add 
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and  diphenjl-iirM,  whieh,  whan  heated  with  hydrochloric  acid,  if  iMolTad  into 
«arbon  dioxide  and  aniline : 
2N(P«H».C0)*0H  +  2NaOH  -  CO(NH.C«H»)«  +  2(0«H».CO«Na)  +  C0«  +  H^O 

and  CO(NH.CWH»)«  +  H«0  =  C0«  +  2(C«H».NH«). 

2.  IXbenEhydroxamic  acid  is  reeolyed  hj  distillation  into  phenyl  isoefanat*  uid 
bensoic  acid,  which  pass  over  between  160^  and  270^,  and  benianilide,  whidi  lemaiiif 
behind : 

N(C«H».CO)«OH  =  NJ^^,  +  C^».COOH 
N(0>H».CO)K)H  -  00«  +  NJC«H».00 

Beactiotu, — 1.  With  Hypoohhrous  Aoid, — ^When  chlorine-water,  or  better,  a  aolii- 
tion  of  sodium  hypochlorite,  is  added  to  a  mixture  of  phenol  and  aniline,  a  red  oolonr- 
ation  is  produced,  which  changes  to  a  deep  blue  on  aadition  of  an  alkali.  Thia  raae- 
tion  is  not  produced  either  by  phenol  or  by  aniline  alone.  As  a  test  for  aniline  (in 
presence  of  phenol)  it  is  very  delicate,  being  capable  of  detecting  1  pt.  of  aniline  in 
100,000  of  water.  A  similar  blue  colour  is  proauced  by  hypochlorites  in  a  miztore  of 
phenol  and  ammonia,  but  it  is  much  lighter,  and  its  fonnation  is  much  lees  rapid 
(Jacquemin,  Bull  Soo.  Chim.  [2],  xx.  68;  j;  Pharm.  CMm,  [4],  xix.  417). 

2.  With  the  chlorides  of  mono-  and  trichloraoefyl,  aniline  yields  phenyl-chlozaed- 
tamide,  N.0>HH310.0*H».H,  and  phenyl-trichloracetamide,N.(701*O.C*H>.H  (Tommaai 
a.  Meldola,  p.  6). 

3.  Aniline  (4  mols.)  heated  with  diehlorhydrin  (1  mol.)  is  conreited  into  diani- 
linehydrin  C'H*(C*H*N)*0,  which  ciystallises  from  dilute  alcohol  in  lonff  whiU 
needles,  easily  soluble  in  dilute  acids,  but  decomposing  when  the  solutions  areneated, 
with  formation  of  aniline  and  a  greasy  substance.  Its  solution  in  hydrochloric  acid 
yields  with  pUUinio  chloride  yellowish-red  crystals  of  the  salt,  G^*H**NK).2HQLFtGl« 
(Glaus.  Dma.  Chem.  Oee.  Ber.  viii.  242). 

With  Mercuric  Fulminate, — When  aniline  is  mixed  with  mereurio  fulminate^  a 
rapid  action  takes  ^lace  after  a  while,  much  heat  being  evoWed,  so  that  with  laiga 
quantities  an  explosion  may  result ;  if,  however,  moist  fulminate  be  used,  and  tSa 
aniline  be  diluted  with  its  own  bulk  of  alcohol,  the  action  is  somewhat  moderated, 
although  care  must  be  taken  to  cool  the  vessel  containing  the  mixture  as  soon  as  heat 
begins  to  be  cTolved,  i.e,  in  about  half  an  hour.  The  products  are  finely  divided 
metallic  mercury,  and  a  substance  resembling  amorphous  phosphorus;  on  tareatiqg 
this  with  dilute  hydrochloric  acid,  a  substance  is  dissolyed  wMoh,  after  erystallintioo 
fi!om  the  liquid,  previously  alluJised  with  ammonia  to  remove  dissolved  mereuj,  and 
then  again  acidified  with  hydrochloric  acid,  is  neutral,  difficultly  soluble  in  cold  water, 
but  readily  soluble  in  alcohol,  ether,  and  hot  water ;  it  melts  at  149^,  does  not  oom- 
bine  with  acid  or  alkalis,  and  gives  the  aniline  reaction  with  bleaching  powder,  toga- 
ther  with  a  smell  of  ehloropicrin  on  allowing  the  whole  to  stand  awhile.    This  bray 

0"H»     > 
has  the  formula  CrH*N*0*,  and  is  probably  nitcomethyl-aniline,  Gfl*(^^)f^> 

fl      I 
the  presence  of  the  NO'-group  causing  the  basic  properties  to  disappear. 

besides  this  product,  diphenylguanidine,  melting  at  146^,  is  formed;  the  two 
products  result  from  the  reactions — 

GHg(NO«)(GN)  +  2(C«H».Nff)  ^  Rg  t  G*H».NH(CN)  +  C«H».NH(CH«.NO^ 

/NH.G«H»— 
and  C«H».NH(GN)  +  C«H».NH«  =  G]nH 

iNH.G«H» 

cyan-aniline  being  formed  as  an  intermediate  product  (Steiner,  Deut,  Chem,  Qt9.  Ber» 
▼ii.  1244). 

SuBSTrnmoir-DjEBivATrvEs  of  Ainuini. 
PrepoTttUon  of  Bronuh  cmd  Chloro-derivoHvea  (Mills,  Phil,  Mag,  [4],  xliz.  21).^ 


Aniline  dried  and  purified  by  cohobation  for  a  few  hours  with  |>^  to  }  of  its  wm^bit  of 
mercuric  chloride  or  bromide,  according  to  the  derivative  which  is  to  be  prepued,  is 
oohobated  for  some  hours  with  glaci^  acetic  acid ;  the  resulting  acetaniliaa^  after 
being  purified  b^  reciystallisation,  is  powdered,  suspended  in  water,  and  treated  with 
excess  of  bromine  or  chlorine,  and  the  prodoct  is  heated  with  powdtfed  potuih 
moistened  with  spirit.  The  distillate  thus  obtained  consists  chiefiy  of  monc^  and  di* 
derivatavee. 
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The  actual  preparation  of  aoetanilide  is,  howerer,  unnecessazy,  m  a  Bolntion  of  drj 
aniline  in  glacial  acetic  add  answers  equally  welL  Aniline  is  dissolTed  in  2-8  yoIs. 
of  the  add,  and  chlorine-  or  t>romine-Taponr  passed  oyer  the  surface  of  the  mixture, 
whidi  must  be  well  agitated.  In  the  case  of  bromine-yapour  the  operation  is  per- 
temed  in  a  warm  doset,  and  the  bromine  is  Tolatilised  slowlj  from  a  retort,  wnich 
must  be  heated  by  a  small  flame  placed  at  a  considerable  distance  bdow,  the  heat 
being  regulated  so  that,  while  vapour  comes  oyer  freely,  no  drops  of  bromine  are 
deliyered  from  the  tube  of  the  retort.  This  tube  should  be  bent  yertically  downwards, 
And  nearly  touch  the  surfskce  of  the  aniline  mixture  in  the  flask  where  the  operation  is 
conducted.  Considerable  heat  is  eyolved  at  flrst.  As  the  action  proceeds,  the  mix- 
tore  becomes  thicker,  and  partiallpr  solidifies ;  and  at  this  point  the  operation  must  be 
arrested  if  a  minimum  of  tri-denvative  is  required,  but  continued  until  total  solidifi- 
cation ensues  if  the  tri-deriyatiye  is  to  be  a  maximum.  The  whole  may,  if  desired, 
be  submitted  to  further  action  by  gentle  heating  with  more  glacisJ  acetic  acid, 
which  dissolyes  the  product.  The  cooled  mass  is  heated  to  100°  under  water,  and 
afterwards  cooled  therewith,  and  the  sapematant  li<^uid  is  filtered  off  and  precipitated 
with  alkali :  this  precipitate  contains  mono-  and  di-deriyatiyes.  The  insoluble  por- 
tioii  is  mixed  with  powdered  potash,  moistened  with  spirit,  and  then  heated  in  order 
to  destroy  any  traces  of  aniline  that  may  have  been  formed.  The  ratio  CH*ON  :  Br* 
famishes  chiefly  dibromaniline. 

The  direct  action  of  chlorine,  &c,  on  aniline  itself  is  not  attended  with  satisfac- 
toiy  results ;  in  presence  also  of  water  or  aqueous  add  there  is  an  enormous  amount 
of  by-product 

Separation  qf  the  Mixed  Derivatives, — ^The  whole  is  immersed  in  a  very  large 
esoesB  of  aqueous  hydrochloric  add  (1  yol.  fuming  add  to  9  yols.  water),  and 
heated  to  nearly  100°,  with  frequent  stirring  for  about  an  hour  in  a  loosdy  ooyered 
Tassd ;  the  whole  is  Uien  allowed  to  cool  down  until  the  next  day.  The  dear  liquid 
eontaios  only  mono-  and  di-derivatiyes ;  the  insoluble  portion,  di-  and  tri-deriyatives. 
The  latter  is  submitted  to  repeated  hyd^hloric  treatment  as  before,  until  the  super- 
natant dear  liqmd  no  longer  gives  any  precipitate  with  ammonia ;  it  then  consists  of 
tn-deriyatiye  only — contaminated,  however,  with  some  black  tarry  products.  This 
deriyatiye  can  be  purified  hj  distillation  ^  ee,  or  from  strong  hydrochloric  add  or 
potash-lime.  The  dear  kquids  are  umted  and  precipitated  by  ammonia  during 
twen^-four  hours,  a  large  excess  of  ammonia  being  avoided.  The  precipitate  is  then 
washed,  rapidly  evaporated  with  hydrochloric  acid  to  dryness  on  the  water-bath,  re- 
dissdved  (or  at  any  rate  well  stirred^  in  hot  water,  and  left  to  cool  thoroughly :  the 
insoluble  portion  consists  of  di-deriyative,  and  must  be  filtered  off.  The  filtrate  is 
again  evaporated  to  dr3mess  and  stirred  with  hot  water,  &c  Three  evaporations  to 
dryness  are  necessary,  and  usually  suffident ;  and  the  final  solution  contains  mono- 
derivative  only,  which  yields  but  an  inappreciably  small  amount  of  insdnble  residue 
when  so  evqmrated.  The  mono-derivative  ma^  be  purified  by  distillation  from 
aqueous  soda  in  a  current  of  steam ;  the  di-denvative  by  distillation  per  ee,  or  by 
Buocesdve  crystallisations  from  naphtha  and  spirit. 

BmmmiHUnea,  C'Hk^^^,  (Fittig  a.  Mager,  Deui,  Chem,  Get.  Ber.  vii.  1176 ; 

yiii.  364).  Parabromamline,  CNH'.H.H.Br.H'.— Obtained  by  reducing  (1  :  4)  bromo- 
nitrobensene  with  tin  and  hydrochloric  add,  distillinff  the  solution  after  addition  of 
caustic  soda,  and  crystallising  from  aqueous  alcohol ;  it  forms  large  colourless  recrnlar 
octohedrons,  melts  at  63°,  and  cannot  be  distilled  without  decomposition.  When 
heated  it  first  melts  to  a  colourless  liquid,  then  suddenly  turns  violet-blue,  and  yields 
a  colourless  liquid  distillate ;  afterwards  crystals  collect  in  the  neck  of  the  retort,  and 
there  remains  a  dark-coloured  mass  which  dissolves  with  blue  colour  in  alcohol.  The 
liquid  distillate  does  not  solidify  on  cooling,  but  yields,  on  second  distillation,  a 
somewhat  considerable  quantity  of  a  fluid  base  boiling  at  180°- 190°  (probably  aniline), 
after  which  the  above-described  phenomena  are  reproduced.  The  last  mother-liquors 
obtained  in  the  preparation  of  parabromaniline  contain  a  small  quantity  of  a  base 
whidi  crystallises  in  long  needles. 

Orthobromaniline  (1  :  2),  prepared  in  like  mamfer  from  orthobromonitrobenzene, 
is  a  colourless  crystalline  mass,  which  melts  at  31°-31'6°,  and  boils  without  decom- 
position at  229°  (mercury-column  wholly  in  the  vapour).  In  the  preparation  of 
orthobromaniline  there  is  also  formed  a  small  quantity  of  another  liquid  base  which 
prevents  the  orthobromanilines  from  crystallisiuff  at  ordinary  temperatures.  The 
two  bases  may  be  separated  by  means  of  their  hydrochlorides  (Fittig  a.  Mager) ;  see 
also  Hubner  a.  Alsberg  (JMi^e  Annalen,  dvi.  308). 

Metabromaniline  (1  :  8),  obtained  by  reduction  of  metabromonitrobenzene,  is  a 
colourless  crystalline  mass  whidi  acquires  but  a  veiy  faint  tinge  of  colour  on  exposure 
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to  light,  melU  at  IS^'-lSd^,  boils  at  261^  and  lolidifles  immediAtelyaiUr  dktillfttioii 
on  cooling  to  about  16^  (Fittig  a.  Mager).* 

The  hydrochloride,  0'H^Br(NH^.HCl,  disaolTM  easiljr  in  water,  Toy  apftxinidy  ^ 
hydroohlorio  acid,  and  cirstalliseB  in  nacreous  laminn.  The  plaHiioekioHif^ 
[G*H«Br(NH*).HCl]^Fta\  is  a  yellow  crystalline  precipiUta  (Wuwter  ft.  Gnibao- 
mann). 

YHien  nitrous  acid  is  passed  into  metabromaniline  mixed  with  nitrie  add  till  the 
whole  is  dissolved,  dilute  sulphuric  add  then  added,  and  afterwards  bromiiie  water, 
diasobromobenzene  perbromide  separates  as  an  oil,  which  solidifies  over  snlphvrie 
acid  and  lime  to  a  ciystalline  mass,  and  is  converted  by  boiling  with  absolute  aioobol 
into  metadibromobenzene  (Fittig  a.  Mager). 

Dihromanilinea,  CH'Br'J^H'. — Of  these  compounds  there  are  nz  poatibld 
modifications,  one  derived  from  pam-,  two  ftom  ortho-,  and  three  firom  iiieto^bxomo- 
benaene: — 

NH"  KH"  NH*  NH«  HIP  HH» 


/\b,       /\b,       /\ 


°\/     \y 


/V         /\         Br/\ 


y 


1:3:5 


1:8:8 


Br 
1:8:4 


V 

Br 
1:S:4 


Br 


\y 


1:8:5 


Br 


1  :S:6 


from  (l :  4)  CH*Br"      from  (1 : 2)  (m*Br« 


from  (1 : 8)  0*H«Bz* 


The  formulae  are  analogous  to  those  of  the  nitro-dibromobenzenes  (pp.  1 76-1 78),  with 
NBP  in  place  of  N0«. 

Of  mese  six  modifications,  fbur  are  known,  viz. — 1  :  2  :  4,  1  :  2  :  5,  1  :  S  :  4, 
1:8:6,  and  a  fifth  which  most  probably  has  the  structure  1:2:6. 

(1 ).  The  modification  1  :  2  :  4  is  the  ordirmy  dibromaniline  discovered  by  Hoffauim 
(iv.  436).  It  is  produced :  a.  By  reduction  of  ^1  :  2  :  4)  nitrodibromobenzene  (Wuntar, 
Deut.  Chem.  Ges.  Ber.  vi.  491).  /3.  By  the  action  of  bromine  on  aoetanilide,or  byldVs 
method  (p.  193).  7.  Bysnbjectine  parabromacetanilide,  0*.NH(C^K))H.H.BrJP 
(prepared  by  the  action  of  acetyl  ^oride  on  parabromaniline),  finely  pulverised  and 
suspended  in  water,  to  the  action  of  a  current  of  air  charged  with  bromine  vapour, 
saponifying  the  product,  and  distilling  it  with  aqueous  vapour  (Komer,  GasMeti^^  iv. 
329).  8.  !^  a  precisely'  similar  series  of  processes  ^om  orthobromaoetanilide^ 
0'.NH(C'H'0).Br.H^  (prepared  by  the  action  of  acetyl  chloride  on  orthobromaniline). 
As  thus  prepcared,  it  is  contaminated  with  a  small  quantity  of  an  isomeric  eompomd, 
from  which,  however,  it  may  be  freed  by  crystallisation  f^m  alcohol  (E&nsrl 
c.  Together  with  mono-  and  tribromaniline,  by  direct  bromination  of  aniline  (KeknU, 
\9t  Suppl.  921).  C*  By  the  action  of  alkalis  on  dibromacetanilide  (Fittig,  Qrundiriu 
d&r  organisehen  Chemie,  lOte,  Aufiage,  366).  if.  By  heating  mononitrobcmsene  with 
concentrated  hydrobromic  acid  to  186^-190^,  mono-  and  tribromaniline  being  formed 
at  the  same  time  (fittig).    0.  By  distilling  dibromisatin  with  potash  (W,  486). 

The  dibromaniline  thus  obtained  boils  at  79*4^  (Komer),  at  79^  (Wurster),  at 
78*82^  (Mills).  The  formation  of  this  dibromaniline  from  para-  and  orthobromacet- 
anilide  shows  that  it  has  the  NH'-group  in  the  para-position  with  regard  to  one  of 
the  bromine-atoms,  and  in  the  ortho-position  with  regard  to  the  other,  its  oonstitittioiial 
formula  being  1:2:4: — 

KH(o^»o)  ira»  ira(c^«0) 


\/ 


\y 


\y 


Br 


Br 


The  two  bromine-atoms  are  therefore  in  the  meta-position  witli  regard  to  each 
other ;  and  this  conclusion  is  corroborated  by  the  fact  that  the  dibromaniline,  whcrn 
treated  with  ethyl  nitrite,  is  converted,  by  substitution  of  H  for  NH*,  into  meta-di- 
bromobenzene. 

(2).  The  modification  1:2:6,  discovered  by  Riche  a.  B^rard  (Compt,  rmd,  liz. 
141 ;  Insiitut,  1864,  262)  is  prepared  by  adding  paradibromobenzene  to  fuming  nitrie 

*  Aooordlng  to  Wurster  a.  mating  (Deut,  Chem,  Gtt,  Ber,  vli.  904)  and  Wunter  a.  Chrnbennsim 
(ibid,  418),  it  melts  at  16<*,  boili  at  M5**  and  soUdifles  only  In  a  freexing  miztnre  whan  itJxred  with  a 
gUuB  rod :  bnt  Fittig  a.  Mager  regard  the  metabromaniline  prepared  hj  theae  chemists  ai  impure, 
MB  it  turned  brawn  00  ezposoxe  to  llgbt, 


BENZENES  (BROMAMIDO-).  195 

acid,  and  xedneii^  the  rasnlting  nitro-componnd,  C*.NO'.Br.H.H.Br.H,  with  ftminonhim 
■nlphido,  or  betUr,  with  tin  and  hjdioohlorio  add.  The  dibronaniline  separated 
ftom  the  hydrochloride  by  lime,  and  pnrified  by  rectification,  dissolyee  easily  in  aleohof 
and  ether,  and  aTBtaUiBM  in  nodnlar  gronps  of  prisma  having  a  silky  Instre,  and 
BMltang  at  61<*-62^  (V.  Meyer  a.  0.  Stiiber,  lAeMa  Jnnalen,  eknr.  179). 

(8).  The  modification  1:3:4,  obtained  by  redaction  of  the  correnKmding  nitro-di* 
hramobensene  (p.  178),  fbrms  colourless  ciystals  melting  at  80*4^  (&5mer,  QoMMtta, 
iT.  870).  This  modification  and  the  next  are  much  more  strongly  basic  than  the  two 
pMTioQsly  described. 

(4).  Symmetrie  Dibromaniline,  (1  :  8  :  6),  is  prepared  by  redncing  symmetric  nitio- 
dibromobenaene  (p.  177)  with  tin  and  hydrochloric  acid,  snpersatnrating  the  nrodnet 
with  potash,  and  distilling  in  a  current  of  steam.  It  then  passes  oyer  as  a  liquia  which 
eryatallises  in  white  neMles  melting  at  66-6^.  It  is  a  somewhat  powerful  base. 
T&e  hydxoohloride  crystallises  in  flattened  needles,  which  may  be  recrystallised  from 
water  containing  a  little  hydrochloric  add,  but  it  is  partially  decomposed  by  a  large 
qoantity  of  puro  water.  Ethyl  nitrite  added  in  excess,  and  mixed  with  alcohol,  acts 
strongly  on  this  dibromaniline,  conyerting  it  into  metadibromobenzena  The  sobsti- 
tution  of  bromine  (bj  the  diazo-reaction)  for  the  NH'  of  this  base  conyerts  it  into 
symmetric  tribromobenzene  (Komer,  GcLzsetta,  iy.  368). 

(6).  A  fifth  dibromaniline,  probably  1  :  2  :  6,  is  formed  by  the  action  of  bromine 
on  orthobromaniline,  or  by  brominating  ortho-acetobromanilide  (p.  4)  and  eliminating 
tlie  acetyl«group  with  potash.  Now  when  the  dibromaniline  thus  obtained  is  treated 
with  an  alcohobo  solution  of  nitrous  ether,  so  as  to  romoye  the  NH*-group,  a  dibromo- 
banxane  is  obtained  which,  after  washing  and  rectification,  forms  a  Umjpid  liquid 
boiling  at  216°  (uncorr.)  and  not  solidifying  in  a  freezing  mixture :  therefore  mtta- 
dibromobenzene.  Hence  it  follows  that  tiie  dibromaniline  must  haye  its  two  bromine- 
atoms  in  the  meta-position ;  and  since,  from  its  mode  of  formation,  one  of  these 
faroaune-atoms  must  be  in  the  position  2,  its  formula  must  be  either  1  :  2  :  4,  or 
1:2:6.  Now  it  does  not  appear  to  be  ordinary  dibromaniline  ^though  its  physical 
properties  are  not  described),  so  that  thero  remains  for  it  only  the  formula  1:2:6 
(Meyer  a.  Stiiber,  LM^a  Annalen,  dxy.  161). 

Tribromaniline»t  C'H'Bi'.NH'. — Of  six  possible  modifications,  only  two  are 
known,  yis.: — 

a  (1:2:4:  6).*  This  is  the  ordinary  modification  formed  by  the  action  of 
bromina  in  excess  on  aniline  (iy.  436),  ana  on  ortho-  or  parabromaniline;  also  by 
ledoetion  of  (1  :  2  :  4  :  6)  nitrobromobenzene  with  tin  and  hydrochloric  acid  (Edmer), 
and,  together  with  aniline  and  dibromaniline,  by  dry  distillation  of  parabromaniline 
(Boehner,  Deut,  Chem,  Oes.  Ber,  yiii.  861).  It  crystallises  in  long  colourless  needles ; 
melts  at  118° ;  does  not  unite  with  adds.  B^  the  action  of  nitrous  ether,  the  amido- 
gronp  is  eliminated,  aod  the  tribromaniline  is  conyerted  into  symmetrical  tribromo- 
banxene  (Meyer  a.  Stuber,  lAebtft  AnnaUn^  dxy.  173). 

/I  (1  :  8  :  4  :  6).*  This  modification,  formed  by  reduction  of  the  corresponding 
nitrotribromobenzene,  is  also  crystalline,  does  not  melt  at  130°,  appears  to  decompose 
at  s  higher  temperature ;  forms  salts  with  adds.  By  deoompodtion  with  ethyl  nitrite, 
it  yields  consecutiye  tribromobenzene  (Eomer,  Gazzetta,  iy.  328). 

Tstrabromanilinef  CHBr^.NH'. — Of  three  posnble  modifications  of  this  oom- 
ponnd,  (1  :  2  :  8  ;  4  :  6V  (1 :  2  :  8  :  6  :  6),  and  (1  :  2  :  3  :  4  :  6)  or  (1  :  2:4:6:6). 
NIBP  in  1,  only  the  thira  is  at  present  known.  It  is  formed  by  the  action  of  bromine 
in  excess  on  metabromaniline  and  on  (1  :  2  :  6)  or  (1  :  8  :  6)  dibromaniline  (amido- 
paiadibromobenzene).  Its  constitution  is  tnerefore  represented  by  the  formula 
1:2:8:4:6:— 

XH?  NIP  NH" 

/\  Br/xBr  Br/\ 


Br 


Br 
Metattmniinlllne.  Tetnbronuuiiline.  (1:8:6)  Dibromanfline. 

After  repeated  crystallisation  from  boiling  alcohol  containing  a  small  quantity  of 
tolaeaa,  it  forms  long  colourless  needles  haying  a  silky  lustre  and  melting  at  116*3° 
(Komar);  at  116°-117°  (Wurster  a.  Nolting).    When  heated  in  small  quantity,  it 

•  ira^Jni. 
i^2 
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sublimw  without  dwomposition  in  transparont  vitreous  nenilM  or  priscu  maltiDe  at 
the  fame  temperatoie.  When  gnduntlj  added  to  s  miilure  of  ab«olat«  aleobol  and 
alcohol  SBtDTBlcd  tritb  oitronB  acid.it  diBwlica,  vithriBeaf  tomperaturaand  erolatian 
of  niCrogen,  and  the  solatioD  depoaita  a  pnatif  maas  of  needle-shapul  otjttal*  vhlcb, 
nftsr  being  hanlod  for  some  time  vith  etbyl  nitrite  ia  a  flask  vith  rereraad  oondaoMr, 
then  wubed,  dried,  and  diatilled,  fields  unsTmmetriul  tatrabtomobenaene  (p.  IJO) 
(Eomar,  Gattetla,  iv.  328;  Wunter  a.  NiilUiig,  DetU.  Chem.  Get.  Brr.  vil.  IMl). 

Ptnlabromartiline,  PBr'.NH',  ia  Tonned  bypttMogbromint-vapour  to  •attm- 
tion  into  a  krge  quantit;  of  water  Eligtitlj  acidulated  with  hTdrpchlonc  add.  ud 
containing  in  suspension  the  hTdrochloride  of  sjmmetric  dibramaiiiline  (p.  195).  A 
bulky  white  precipitate  ia  thereby  formed,  which  may  bo  washed  with  water,  and 
purified  hj  Bolntian  in  a  miitiue  of  1  ToL  absoluta  alcohol  and  2  tola.  tolBenfl ;  pur* 
alcohol  at  bailing  heat  diBsolres  it  only  in  very  smnll  quantity.  The  pentabrom aiutina 
crystaUiaeH  on  cooling  in  large  Irnnaparont  needles,  baring  an  almost  adamnntine 
Inatce,  and  not  moling  at  222°,  It  is  not  perceptibly  attacked  by  etbjl  niuit*  at 
ordinary  presaufe  and  tomperaluro  (Korncr,  Gatetlia,  iv.  368). 
On  AcetnbrominUiiu,  tte  AtxTAMiUDi  (p.  4). 

caloroiUllnin  (mono-).  (Beilatein  a.  Eurbatow,  Liebufi  AHnalm,  elxzri.  97  ; 
Drat.  CSan.  Ga.  Ber.  vii.  13B5.)  Parachloraniline,  C".NH'.H.H.CI.H'(dowribod 
in  ir,  43S  aa  the  a 'modi  Mention)  is  loost  readily  obtained  by  reduciDg  p-nitrochloro' 
beniene  with  tin  and  hrdtochlaric  add.  When  the  reaction  is  orer,  the  liquid  it 
diluted  with  water  and  distilled  with  eieeas  of  quick  lime,  and  the  base  which  MiMa 
over  is  freed  from  traces  of  adhering  oil  by  dissolving  it  in  hydrochloric  acid,  and 
again  dietilling  with  lime,  Parachtoranihne  forms  colourless  rhombic  priamt  of 
ga"  63'.  melts  and  aubUmes  at  70°-Tl°.  and  boUa  at  230°-2Sl°.  [The  chloranUine 
obtained  by  Mills  fVom  acetanilide  (p.  IBS)  bails  at  GB-ee",  and  ia  donbtleas  Ihowfore 
the  para- modification.]  The  salta  of  parachloTaniliae  are  niodeiatelj  stable,  be^ng 
bat  slightly  decomposed  by  boiling  with  water.  Their  aqueous  solution  bus  an  a«id 
reaction,  The  ht/dmchUiridt  sepantH  from  solutjon  by  sponlaneona  evnpontioo  in 
veiT  fine  large  Eryatula.  The  udphala,  (CH*0l2<)'.H'S0<,  farms  shining  lamisc, 
very  alightly  eolublo  in  cold  water.  The  nittaU,  CH'CIN.HNO*.  forma  broadly 
lamiosc  crystals,  almost  always  having  a  faint  rose  colour,  A  hundred  pis.  of  watrr 
at  12'a°  dissolve  0-74  pts,  of  Ibis  ealt. 

Metachloraniline.  C.NH'.H.CI.H',  prepared  by  redaction  of  metachloroaitio 
benzene,  is  a  liquid  boiling  at  230°  (bar.  767'3  mm. ;  thermometer  in  the  vapout), 
and  having  a  ap,  gr,  of  r2132  at  0°.  It  ia  a  moderately  strong  baao.  Ita  salt*  an 
moderately  atabla,  being  but  partially  decomposed  hy  bailing  with  watrr.  Tha 
hydTOcUoridt.  C"H"CIN,HC1.  crystallises  in  shining  UminiE.  very  soluble  in  water  and 
in  alcohol  of  90  pec  cent.  The  niCroto,  CH'ClN.HNOi,  forms  broad  lancsolaEa 
cryalsla,  of  a  tight  rose  colour,  alightly  soluble  in  cold  water,  easily  in  hot  \ral«r,  and 
in  alcohol  of  SO  pec  cent.  The  mlphaU,  (CH"C1N)'.H'S0'.  cryataUiBea  in  thick  abort 
needlea,  veiy  slightly  soluble  in  cold,  much  moce  easily  in  boiling  water,  somewhat 
■olable  in  boiling  alcohol. 

Orthochlocaniline,  C.NH',C1.H<,  may  Iw  prepared  by  the  action  of  tin  and 
hydrochloric  aisd  on  liqmd  cbloronilcobenzene,  A'eed  by  decanUtlon  fiom  the  greatn 
part  of  the  solid  modiScalioo.  The  two  bases  thereby  produced  may  be  partially 
separated  by  fractionsl  diatillation  in  a  cnirent  of  ateam,  the  orthocblonuiilitK^ 
which  is  liquid,  paaeing  over  first,  so  that  the  latter  portions  of  the  distillate  aolidify 
in  the  condensing  tube.  To  separate  them  completely,  the  mom  vohilile  liquid  portion 
of  the  distillate  is  neutralised  with  salphuric  acid  and  diatilled  with  water.  The 
aolphate  of  orthoehloraniline  ia  thereby  decomposed,  the  base  distilling  over,  white 
the  parachloraniline  sulphate  remains  behind.  Tha  octhocblorunilijie  may  be  farUlsr 
purified  by  cryslalliriDg  its  hydrochloride  from  dilal«  hydrochloric  acid.  Small 
quantities  of  the  two  bases  may  be  separated  by  dissolving  them  in  alcohol,  adding 
[he  exact  quantity  of  picric  acid  required  to  combine  with  them,  and  cryslalliaing 
from  slcobo!  or  benzene,  in  which  the  ortbo-picrste  is  much  leaa  aolable  than  tha 
para-salt. 

Orthoehloraniline  is  a  Uqaid  having  a  sp,  gr.  of  1-2338  at  0°,  remaioing  Buid  at 
—  14°.  and  bailing  at  207°.  Ila  salta  ara  easily  decomposed  by  boiling  wiUi  water. 
The  A^nTcUoriiJi,  CH'CIN.HCI,  forma  large  Iransparent  rhombic  plates;  tOO  pt«. 
of  water  at  16-3°  dieaolvo  11-06  parts  of  it.  The  niirate,  C'H'CIN.UNO",  aeparate^ 
on  additJon  of  nitric  acid  to  an  alcabolic  aolutioa  of  the  base,  in  reddish  needles.  100 
pti.  water  at  13'6'  ditaolTt  10' 2  parts  of  it,     TheM^AnIsfDrmB  niwdlea  mj  soluble 
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Dichloranilines,  O'H'Cl'.NH'.— Of  these  bodies  there  are  six  possible  modifi- 
catioiis,  snalogous  to  the  dibromanilines  (p.  194).  Five  have  been  obtained,  riz. 
(Nffinl):— 


1:2:3 
1:2:4 
1:2:6 


1:3:4 
1:3:6 


Ibey  may  all  be  formed  by  redaction  of  the  corresponding  nitrodichlorobenienes. 

(1:2:  8),  prodnced  by  reduction  of  nitro-orthodichlorobenzene,  C'J^O'.Ol.Ol.H', 
melte  at  28^-24°,  boils  at  262^*,  yields  an  acetyl-derivatiTe  melting  at  166^-167^  and 
is  eonyertible,  by  the  diaso-reaction,  into  oonsecutiye  trichlorob^sene  (Beilstein  a. 
Knrbatow,  J>6ta.  Chem,  Gea.  Ber.  x.  711). 

(1:2:  4). — ^This  is  the  ordinary  modification  which  Hofinann  obtained  by  boiling 
diduofrisatin  with  potash  (iy.  440) ;  but  it  is  more  easily  prepared,  as  shown  by  Griees 
{iind^f  from  acetooichloranilide.  0.  N.  Witt  (DetU.  cJum,  OeSt  Bar,  yii  1601)  passes 
chlonne-gas  into  water  in  which  acetanilide  is  suspended,  washes  the  yellow  greasy 
product  with  ice-cold  alcohol,  crystallises  it  from  boiling  alcohol,  decomposes  the 
oichloraeetanilide  thus  purified  (m.  p.  140^)  by  boiling  with  hydrochloric  acid,  and 
precipitates  the  resulting  dichlonmiline  with  ammonia.  An  easier  mode  of  preparation, 
aoooming  to  Beilstein  a.  Kurbatow  (ibicL  176^  is  to  dissolye  100  grams  of  acetanilide, 
with  aid  of  heat,  in  a  mixture  of  626  oc.  glacial  acetic  add,  and  860  grams  of  water, 
and  pass  into  Uie  solution  the  quantity  of  chlorine  theoretically  required  to  form 
aoetodichloranilide.  The  liquid  Uien  becomes  darker  and  deposits  acetodichloranilide 
mixed  with  a  small  quantity  of  ocetomonochloranilide.  The  precipitate  is  decomposed 
by  boiling  with  alkafi,  and  the  dichloraniline  thereby  obtained  is  freed  from  admixed 
lonochlOTanilijie  by  dissolying  it  in  warm,  moderately  strong  hydrochlorio  add,  eyap- 
oiating  to  drjqiess,  and  treating  the  residue  with  hot  water,  which  dissolyes  the 
hydrochloride  of  monochloraniline,  leaying  the  dichloraniline  undissolyed. 

IMchloraniline  (1:2:4)  dissolyes  easily  in  alcohol,  and  crystallises  therefrom  in 
beantiful  needles.  From  water,  in  which  it  is  but  slightly  soluble,  it  separates  in  flat 
■fining  Tcxy  flexible  needles  melting  at  62*6^,  and  boils  without  decomposition  at 
239^  (Witt).  According  to  Beilstein  a.  Kurbatow,  it  crystallises  from  weak  spirit  in 
Umg  silky  needles,  melts  at  C3^,  and  boils  at  246^  f  tiiermometer  in  the  yapjour). 
The  kydroehlaride,  C'HK)l'N.HCl,  crystallises  from  solution  in  hydrochloric  add  in 
stellate  groups  of  highly  lustrous  needles,  decomposed  by  water  into  hydrochloric 
add  and  the  cree  base. 

(1:2:6)  or  (1:3: 6). — This  modification  is  formed  by  reduction  of 
C*J)0'.C1.H!H.01.H,  and,  together  with  (1  :  3  :  4)  dichloraniline  and  two  trichlor- 
anilines,  by  ehlorination  of  metachloraniline.  It  forms  colourless  needles  melting  at 
50^  (Beilstein  a.  Kurbatow,  Deut.  Chem,  Oea,  Ber,  ix.  1688). 

(1:3:  4). — ^Formed,  as  aboye-mentioned,  by  chlorination  of  {\  :  3)  chloraniline ; 
also  by  reduction  of  (1  :  3  :  4)  nitrodichlorobenzene.  It  is  erystaUine,  melts  at  71*6°, 
and  boils  at  272^ 

j[l :  8  :  b\^8yfMMirioal  DichloraniUns, — This  modification,  formed  by  the  action 
of  tin  and  hydrochloric  addon  (1:3:6)  nitrodichlorobenzene,  crystallises  from  water, 
in  which  it  is  moderately  soluble,  in  long  white  brittle  needles  meltins  at  60*6^.  It 
ia  decomposed  by  nitrous  ether,  with  eyolution  of  nitrogen,  and  on  a&inff  water  to 
the  resulting  solution,  metadichlorobensene  separates  in  drops.  The  acetyUderivative 
forms  radiate  groups  of  needles  and  dissolyes  readily  in  alcohol  (0.  N.  Witt,  DetU, 
Ckem,  Oea.  Ber,  yiii.  143). 

Triekloranilines,  CH^'JOF.— Two  modifications  are  known,  yix.—l :  2  :  4 : 6 
and  1:2:4:6. 

(1:2:4:6)  tridiloraniline  is  formed  hj  reduction  of  the  corresponding  nitrotri- 
chlorobensene  with  tin  and  hydrochloric  add.  It  crystallises  in  colourless  needles, 
melU  at  06-6^  and  boils  at  270<>  (Lenmple,  1st  Suppl  921). 

1  :  2  :  4  :  6  is  the  ordinary  modification  which  Hofinann  obtained  by  the  action 
of  chlorine  on  aniline  or  monochloraniline  (iy.  441).  Beilstein  a.  Kurbatow  (Deut, 
Chem,  Gee,  Ber,  yiii.  1666)  prepare  it  by  passing  chlorine  into  a  solution  of  100  pts 
aniline  in  acetic  add  until  the  weight  has  incresMd  by  229  parts.  On  adding  water 
a  predpitate  is  formed,  which  is  distilled  with  soda,  and  the  distillate  boiled,  first 
with  weak  and  then  with  strong  hydrochloric  add.  This  trichloraniline  crystallises 
from  petzolenm-naphtha  in  long  brilliant  needles,  and  dissolyes  readily  in  alcohol, 
ether,  and  carbon  sulphide^  less  freely  in  dilute  acetic  add.  It  melts  at  77*6^,  and 
boils  at  260^.    Hitrous  aoid  conyerts  it  into  symmetric  trichlorobenzene. 

I*da&lllae0»  0"H^.NH'.  The  ortho-modification  is  unknown :  the  meta-  and 
paia-modifications  are  formed  by  reduction  of  the  corresponding  nitto-todobenievLea. 
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JCtfo.  yilrec^l&miox  melting  at  26".  Pan.  Colonrlew  netdUs  mclUng  at  90^  Thf 
UtUr  JB  also  furmud  bj  tbe  action  of  iodine  on  aniline.  (Compare  IV.  lU,  lod 
Irt  Suppl.  821,  wliore,  however,  tbe  prefii  jiara  ia  applied  to  the  modifiestioo  ncrtr 
called  ineta.) 

Wttrktillliiea,  ,0'H'<]]^aV  <>'Ao-  and  Panaiitmniline.—'Bo\h  Ibeu  modifica- 
tioiu  are  produced  bj  Lreatidg  scetanilide  vith  fnmiDg  aitria  acid,  and  diatiUiag  tlia 
ressltjng  nitro-nfelanilide  with  potash.  Faranitraniline  waa  thna  obtaioed  b;  Arpp* 
(ly.  44a).andlia»!iitherWl>oen  eoppoaed  to  be  the  only  product  fprmed  by  this  raaclicia. 
Eorner,  however,  flnds  that  the  product  likewise  coDtaina  the  orllio-niodificatian,  vbich 
Waleker  a.  j^ncka  flrat  obtained  by  the  action  of  alcoholic  ammonia  on  orthoDitni- 
bromobonieno,"  The  quantity  of  orthonitranilino  formed  inereaBcs  witli  the  atrength 
of  the  acid,  which,  however,  muet  not  exceed  sp.  cr.  \i66,  ae  otherwiae  the  mixture  is 
apt  to  take  fire,  eren  if  cooled  by  ice.  The  acid  of  sp.  gr.  I'ie4 — 1-466,  find  from 
lower  orides  of  oitiogBn,  is  placed,  in  qoantitiea  of  about  2D  grams,  in  small  baiker* 
BiuToonded  by  ice,  and  6  grama  of  pulTeriseit  acetonilitle  is  inLroduced  m  mute  ioM 
each  beaker.  When  the  very  riolont  reaction  which  occurs  i»  over,  the  prodiKt  U 
added  to  pounded  ice,  then  rapidly  filtered,  waahed  with  ice-cold  water,  and  qnieklf 
introdneed  into  an  excess  of  a  atrong  potn^h-ley.  Tho  niitnre  of  DttmniliDea  Ihua 
farmed  is  enbmitted  to  diatillatioo  in  a  currentof  superheated  steam  aniil  thediatillata 
ceases  to  hare  an  orange-red  colour;  the  orthonitrsniline  tlien  separntca  from  tlia 
diatQIale  in  beantifnt  orango-yellow  needles,  melting  at  716°,  and  exhibiting  all  tb« 
propertita  ascribe  to  it  by  Zincke.  In  anrceasfal  operations  as  much  as  14  or  16 
per  cent,  of  tho  aeetanilide  isobtainftd  inthefbrmof  orthonitraniline.  OithonitnoiliiM 
may  also  b«  obtained  by  reducing  orthodinitrobeniene  with  nmmoaium  sulphide. 

PamMtraiHlitM  (1  :  41  is  obtained  from  the  residue  of  the  diatillutioQ  by  boiling 
with  water,  and  filtering  hot,  and  may  be  decolorieed  by  recryEtallisation  fntn  boiling 
water  in  preaencs  of  a  small  quantity  of  aaimal  charcoal,  after  the  adhering  potub 
has  been  nentmliKed  with  hydrochloric  acid.  It  ci^stallises  in  hirge  laminie  haviAg 
a  lemon-yellow  colour,  with  azure  reflex,  and  melts  at  14a '6°. 

ItelanilranUini  (1  :  3).  obtained  W  partial  reduction  of  pure  metadinitrobeilMtM 
(lO,  p.  SB'S"),  meltsat  109'B''.  MetadiDitoibenwnB  is  much  more  Bamly  reduced  te 
nitraailine  than  the  corresponding  ortho  compound. 

Dinilranilinei,  CH^NO")'.NH'.— The  uoBymmetriral  modification 
(NH'  in  1)  was  discovered  by  Qottlieb  (iv.  447),  who  obtained  It  by  the  action  of 
alkalis  on  dinitrophenyUitraconimidB  or  dinitrocllracooanU,  CH'(NO'y.N(0'H»0'), 
or  on  dinitro-acetaaiiide,  C*H"(NO')'.N(CPH"0).  It  was  afterwards  obtained  l^ 
Clemm  {J.  pr.  Chem.  [2],  i.  145)  from  tbe  cornsponding  dinitfoehlurobeniene  (m.  p. 
SO",  h.  p,  315°)  by  heating  wiib  alcoholic  amjnonin.  tn  like  mnnnerit  may  be  formad 
from  tJie  correapondisg  dimtrobroino-  or  dinitroiodobenzene ;  also  by  heating  diiutr- 
aoisol  (tho  methyiic  ether  of  (1  :  2  ;  4)  dinitrophenol)  with  aqueons  ammooia  la  100° 
for  three  or  four  hours  (H.  Salkovraki,  Dtut.  Chem.  Get.  Ber.  v.  872 ;  ri.  ISBV  It 
crystallises  in  light  yellow  priaros  melting  at  182''-133'';  dissolves  in  132  pt«.  alcohol 
It  21" ;  does  not  combine  with  ocida.  By  reduction  with  tin  and  hydnxihlorie 
,\eid  it  is  converted  into  triamidobenzeno  ;  by  the  action  of  nitrous  add  on  its  alcoboUc 
solation,  into  meindinitrobenzeue  (Salkowslti). 

The  consecutive  modification  (1:2:6)  obtniusd  by  heating  the  methyiic  or  ethylie 
etheir  of  (I  :  2  :  6)  dinitrophenol  with  aqueona  ammonia,  fbrma  long  dark  yeUinr 
naedlBB  melting  at  188°,  Bolnblo  in  192  pts.  of  alcohol  at  21°.  and  only  slightly 
soluble  even  in  hot  alcohol.  Heated  to  120°  for  several  bouts  with  absolnte  alcohol 
saturated  witii  nitrons  aeid.  it  yields  metadinitrobenxcne,  and  a  compoand  melting  at 
lie",  probably  trinitrobenzeao(SalkoWBki  a.  Hehs,  Vejit.  Chan.  Ges.  Ber,  Tii._370). 

Tm  existence  of  these  two  dinitcanilines,  and  of  the  corresponding  dinitnxodo- 
benunes.  tcc,  containing  the  tiro  nitro-gronps  in  the  same  position  (meta)  aSordl 
additional  proof  that  the  snbstituted  radicles  in  di -derivatives  of  benzene  belonging 
lo  tbe  series  which  includes  ordinary  dinitrobenzene  and  resorcin,  cannot  be  in  the 
relative  position  1  :  4,  sa  formerly  supposed  (Eorner,  Giuittla,  iv.  324  ;  sea  farUier 
2«il  Suppl.  924). 

TrinitraiiiliHf.  C<H<(MO')'.NH'  (1:2:4:  e),— Pimimub.— This  compoimd, 
discovered  by  Pisani  (iv.  4^8).  is  obtained  by  the  action  of  alcoholic  ammonia  on  lii- 
nitrochlorobensene,  I?.C1.N0'.H.N0'.H.N0',  or  trinitrophenyl  chloride  (chloropict^l) 
or  on  the  ethylic  or  methyiic  ether  of  picric  acid.  It  ciyslalliscs  from  alcohol  in  thick 
Vellow  plates  having  a  beautifnl  bine  ahimmer,  and  melting  nt  1S8°  (Idebemann  >. 
Palm,  IMU.  CktBi.  Get.  Ber.  viii.  278).    When  treated  with  tin  and  hydrocbloric  acid 
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it  jMlda,  not  tetiamkbbeiisene  aa  might  be  expected,  but  ia  coDseqaeDce  of  ondation 
which  takes  place  duiiiig  the  reaction,  a  base  which  appears  to  have  the  composition 

0"BP||q^*  or  C«H«U^J^.    This  base  has  not  been  obtained  in  the  free  state :  its 

hjdro^ilonde  and  sulphate  hare  respectiyely  the  formule  OH*N^.2HC],  and 
CTBra*0*.BreO*  (H.  Salkowski,  Dmt.  Chem,  Get.  Ber.  vi.  139). 

Action  of  Pkryl  Ckioride  on  the  NUnmilimea. — ^Metanitraniline  and  pioyl  chloride 
act  on  one  another  when  dissolyed  in  boiling  absolnte  alcohol,  with  formation  otpara- 

/0>H*(NO> 
piaryl    metaminmiUne,    N  \  C^^NO*)**-  (where  ft,  w,  and  «  indicate  respectiTelj 

iH 
meta,  paza,  and  ortho) ;  this  compound  ciystallises  from  glacial  acetic  acid  in  small 
ovange-Tellow  transparent  crjrstals,  melting  at  206®,  and  insoluble  in  water  and  ether,  and 
only  aligfatlj  soluble  in  boiling  abaolute  alcohol.    Similarly  parapicryl-paranUraniline, 

K  ]  CHYKO')**',  melting  at  216®,  is  formed  when  picryl  chloride  acts  on  paranitrani- 

iH 
line ;  this  compound  closely  resembles  the  previously  described  isomeride,  but  is  slightly 
more  soluble  in  most  solTents.      On  nitration  these  two  bodies  furnish    respect- 

irely  pan^piayUmetapiaylamine  and  diparapicrp'u^mmet  N  ]  C'H'(NO')'a^,  and 
K  ]  C'HYNO')**,  melting  at  261®  and  288®  respectiyely,  and  exploding  riolently  when 

in 

heated ;  pazmpicryl-metapicrylamine  regenerates  parapiczyl-metanitraniline  when  water 
la  adbded  to  its  solution  m  glacial  acetic  acid. 

ParadiitUrophenvlmetanitraniliM  and  paradinUropheiwlparanitranilinet 

KJ  C'H\NO*)*/i,  and  N  |  C*H*(NO*)*r,  are  obtaiLed  by  acting  on  alcoholic  solutions 

of  meta-  and  paranitraniline  respeetiTely  with  paradinitrobromobenzene  (obtained  by 
nitrating  bromobenzene,  and  melting  at  72®)  in  sealed  tubes  at  100®.  These  compounds 
melt  at  189®  and  181®  respectively ;  the  former  is  sparingly,  the  latter  easily  soluble 
in  gladal  acetic  acid. 

D initr aniline  and  piciyl  chloride  appear  to  yield  an  nnalo^VLB  pentanitrodi 
pkenyktwme-4ipar(^9iervlamin$f  which,  though  it  has  the  constitution  of  an  amine, 
nerertheless  acts  as  a  kind  of  acid,  this  character  being  communicated  to  it  by  the 
preaence  of  the  numerous  nitryl-groups.    Thus,  when  treated  with  barium  hydrate  or 

eaxbmtBlU,  it  tctmB  bafiunhdiparapioryl0Mi^  rC*H^KO*rv*    ^^^   crystal- 

Uses  in  slender  needles  soluble  in  water  and  in  alcohol,  and  appears  to  be  sufficiently 
basic  to  form  a  salt  with  hydrochloric  acid. 

The  corresponding  sodium-derirati ye  treated  with  picryl  chloride  yields  the  tertiary 
/C«HYNO«)V 
compound,  N  ]  G>H*(NO*)*ir  (P.  T.  Austen,  XkiU,  Chem,  Ges,  Ber,  vii.  1248). 

ic«H«(Nr-'" 

Br«moiiltrMilliii68v  G'H^i(NO*XNH')  (Komer,  Gaggttta,  iy.  371 ;  Meyer  a. 
Wurster,  LUbi^B  AmnaUn,  dxxi.  67).  Of  these  bases  there  are  three  known  modifi- 
cations (ten  are  possible)*  represented  by  the  formulae : — 

NH"  NH»  KIP 

/\Bt  /^\.N0-  /\N0' 


NO"  Br 

M.  P.         104-6®  111*4®  161-40 

(1).  OrtMromoparmUraniline,  (NH« :  Br  :  N0»- 1  :  2  :  4),  is  formed  by  heating 
the  corresponding  nitrodibromobenzene  (m.  p  68*6)  to  180®-190®  in  sealed  tubes  for 
seyeral  hours  with  a  large  excess  of  alcoholic  ammonia : 

C«3r.Br.HJJ0«.H»  +   2NH-  -  NH*Br  -r   C«.NH^Br.H.NO«.H«. 
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To  aeparate  the  baae^  the  greater  part  of  the  alcohol  is  diitilled  ofl^  the  wnimnng 
liquid  is  mixed  with  water,  and  the  eopioos  precipitate  thereby  formed  is  oyitaUiMd 
from  boUing  water,  or  better  from  weak  spirit.  From  the  latter  eolation  the  baae 
eryBtaUises  in  slender  canaiy-jellow  needles  melting  at  104*6®.  With  strong  hjdro- 
chlorie  acid  it  forms  a  crystalline  hydrochloride,  whidi  dissolyes  bnt  slightly  in  the 
strong  add,  and  is  decomposed  by  water. 

The  base  dissolved  in  nitric  acid  and  treated  with  nitrons  add,  is  qnicUy  eoBTOted 
into  the  corresponding  diaso-compoand,  the  perbromide  of  whidi,  when  deoompoaed  by 
alcohol,  yields  the  original  nitrodibromobenzene.  The  cUazo-oomponnd  is  oonTsrted  by 
hydriodic  add  into  nitro-orthodibromobensene. 

The  following  reactions  determine  Uie  constitution  of  the  base : — 1.  It  dissolfes 
easiW  in  ethjrl  nitrite  mixed  with  a  little  alcohol,  forming  a  solution  which,  when 
freed  by  distillation  from  alcohol  and  unaltered  nitrous  ether,  gives  with  water  an 
oily  precipitate,  exhibiting,  when  purified  by  distillation  with  steam,  the  characters 
of  m«to-nitrobromobenzene,  O.N0^H3r.H'. 

2.  With  redudng  agents,  it  yields  a  bromodiamidobensene,  which,  when  treated 
with  sodium-amal^m,  is  converted,  by  exchange  of  Br  for  H,  into  |>afia-diamidobenaene, 
O'.NH^H.H.NH'Ih',  yielding  quinone  l^  oxidation. 

3.  On  passing  air  saturated  with  bromine  through  its  solution  in  a  large  excess  of 
hydrochlono  add,  a  heavy  ci^stalline  predpitate  is  formed,  whidi,  when  reczystallised 
from  a  large  quantity  of  boiling  alcohol,  yields  long  lemon-yellow  needles  consisting 
of  dibromoparanitraniline  (m.  p.  202-5®). 

The  first  of  these  reactions  shows  tJiat  the  radides  Br  and  NO*  stand  to  one 
another  in  the  relation  1 :  3,  while  the  second  and  third  show  that  the  NH*  and  KO* 
are  in  the  position  1  :  4.    Hence  the  formula  above  given  (Eomer). 

(2).  Parabr&mortkoniiramUne,  (NH' :  NO*  :  Br » 1 :  2  :  4X  is  produced :— 1.  Bf 
heating  nitroparadibromobenzene,  0'.Br.NO*.H.Br.H*,  with  concentrated  alcoholic 
ammonia  to  160®-!  65®.  The  conversion  is  complete  and  unattended  with  formation 
of  tarry  products  (Komer ;  Meyer  a.  Wurster).  This  base  is  also  produced  by  nitration 
of  parabromaniline  (Hilbner),  and  by  heating  the  metJiylic  ether  of  parabiomortho- 
nitrophenol  (2nd  8uppl,  915)  with  alcoholic  ammonia  to  190®-200®;  but  the  action  is 
slow,  a  considerable  proportion  of  the  methylic  ether  remaining  unaltered,  even  after 
heating  for  several  days  (Eomer). 

Parabromorthonitraniiine  forms  orange-coloured  felted  needles  melting  at  111*4®, 
subliming  without  decomposition,  and  volatilising  easily  with  vapour  of  water; 
dissolves  readily  in  alcohol  and  ether,  sparingly  in  cold  water,  more  freely  in  hot 
water.  It  does  not  form  salts,  but  dissolves  easily  in  strong  nitric  and  hydrochloric 
acids,  and  is  separated  from  these  solutions  by  water  in  its  original  state.  It  dissolves 
in  dilute  hydrochloric  add  at  the  boiling  heat,  and  crystallises  out  asain  on  codling. 
Its  solution  in  hydrochloric  add  stains  a  deal  shaving  yellow,  quiddy  changing  to 
red  in  contact  with  the  air.  The  boiling  aqueous  solution  dyes  wool  and  silk  a  veiy 
fine  yellow,  which  is  not  destroyed  by  soaping.  By  reduction  with  tin  and  hydro- 
chloric add,  it  yields  a  bromodiamidobenzene  which  is  converted  by  sodiunt-amalgam 
into  of^Aodiamidobenzene.  With  ethyl  nitrite  at  ordinary  temperatures  it  yields  a 
diazo-amido-compound,  which  crystallises  in  large  colourless  rhombic  plates,  and 
when  ^ntly  heated  with  a  mixture  of  ethyl  nitrite  and  alcohol,  is  converted,  with 
evolution  of  nitrogen  and  formation  of  aldehyde,  into  m^^onitrobromobensene  (m.  p. 
56*4®).  When  findy  pulverised,  parabromorthonitraniiine  is  suspended  in  dilute 
nitric  add,  and  air  saturated  with  bromine-vapour  is  passed  through  it  till  an  excess 
of  bromine  is  present,  dibromorthonitraniline  (m.  p.  127*3®)  is  produced,  convertible 
by  ethyl  nitrite  into  symmetric  nitrometadibromobenzene  (m.  p.  104*5®) : — 


NH« 


NH« 


NO" 


Br 
j»-brom-o-nitnnUinei 


/\no« 


Br 


Br 

Dibnmi-o- 
nitranilizie. 


B./\ 


NO" 


\y 


Br 

m-nitro-fn-dltxromo* 
beniene. 


(Z).  JSietabromorthotUiraniline,  (NH*  :  NO*  :  6r»  i  :  2  :  5),  is  formed  hj  heating 
nitrometadibromobenzene,  C*3r.N0*.H.H.Br.H  (m.p.  61*6®),  to  155®-156''  in  sealed 
tubes  for  twelve  to  fifteen  hours  with  alcohohc  ammonia,  and  being  but  slightly 
soluble  in  alcohol,  separates  in  the  tubes  on  cooling,  in  prisms  or  needles.  A  further 
quantity  may  be  separated  from  the  solution  in  concentration  and  precipitation  with 
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Bt  r^pEjitallieitioii  from  bofliog  alcohol  it  is  obUin^  in  largo  tramipareiit 
veddiah-jellow  needles,  haying  a  £unt  bine  reflex.  It  has  a  fidnt  bnt  agreeable 
odoor ;  melts  at  161*4®,  and  sublimes  partially  in  small  scales ;  is  bnt  veiy  slightlj 
nlnble  in  water,  oTen  at  the  boiling  heat ;  moderately  soluble  in  hot,  less  soluble  in 
eold  alcohol. 

^  It  dissolTes  with  difficulty  in  adds.  From  solution  in  nitric  acid  of  sp.  gr.  1*88, 
it  18  precipitated  in  its  original  state  by  addition  al  water  after  a  few  hours;  but 
after  a  longer  time  it  nndeigoes  transformation,  and  the  solution  then  yields  with 
potash  a  dinitro-metabromophenol,  which  ezystallises  in  nearly  colourless 
scales,  melting  at  81*4®. 

This  nitroDTomaniline^  reduced  by  tin  and  hydrochloric  add,  yields  a  bromodi- 
anddobensene  conyertible  by  sodium-amalgam  into  or^Jkxiiamidobenzene ;  treated 
with  ethyl  nitrite,  it  yields  paronitrobromobenzene,  which,  after  purification,  melts  at 
125*5®.  The  bromine  is,  therefore,  in  the  para-position  with  respect  to  the  NO',  and 
this  latter  is  in  the  ortho-position  relatively  to  the  NH',  as  represented  by  the  third 
•tmetoral  formula  on  p.  199. 

Dibromonitranilines,  C«H»Br^NO«).NH». 

(1).  JDiorticbrwnoparamiramline,  (NH* :  Br  :  NO' :  Br- 1:2:4:  6).— This  base 
is  formed:  1.  By  the  action  of  bromine  on  hydrochloride  of  paranitraniline.  2.  By 
passing  bromine-vapour  to  saturation  into  hydrochloric  add  in  which  orthobromo- 
paranitraniline  (p.  199)  is  suspended.  3.  By  heating  nitrotribromobenzene  (m.  p.  1 11  9®) 
to  about  150®  in  sealed  tubes  with  alcoholic  ammonia.  4.  By  treating  the  methylic 
ether  of  paranitro-dibromophenol,  O'.OCH'.H.Br.NO'.Br.H,  in  the  same  manner. 

This  base  is  nearly  insoluble  in  water,  and  very  slightly  soluble  in  cold  alcohol, 
bnt  crystallises  ftom  a  lar^  quantity  of  boiling  absolute  alcohol  in  long  thin  light  yellow 
needles,  haying  a  yeiy  funt  blue  reflex,  and  melting  at  202*6®.  It  dissolves  in  nitric 
add  of  sp.'  gr.  1*88,  forming  a  nearly  colourless  solution,  from  which  it  is  precipitated  by 
water  in  its  original  state.  Heated  with  strons  potash-ley,  it  is  converted  into  a  red 
potasnnm  salt  [?  G^%>(NO^NK*],  horn,  which  it  is  reproduced  by  the  action  of 
water,  or  of  dilute  acids.  By  etnyl  nitrite  it  is  readily  converted  into  9ymmstrio  nitro- 
dibromobenxene.  By  exchiuige  of  NH*  for  Br,  by  the  diaso-reaction,  it  is  converted 
into  nitrotribromobenzene,  (^.Br.Br.H.N0*.H3r  (m.  p.  111*9®).  These  reactions, 
together  with  its  modes  of  formation,  show  that  it  has  the  constitution  above  indi 
eatcd:— 


Br 


/V 


NH« 


Br 


Br 


/\^ 


H0« 


B./\ 


Br 


NO" 


NO" 


(2).  VOromortAomiramlme,  (NH* :  NO*:  Br  :  Br-1  :  2  :  4  :  6),  is  formed: 
1 .  By  the  action  of  bromine  on  the  hydrochloride  of  orthonitraniline.  2.  By  the  action 
of  bromine  on  orthonitroparabromaniline.  8.  By  the  action  of  alcoholic  ammonia  on 
dibromorthonitranisol,  0*.OGH'.NO*.H.Br.H.Br.  4.  By  the  action  of  the  same 
reagent  on  nitrotribromobenzene,  C*.Br.N0'.H.Br.H3r  (m.  p.  119*5®).  5.  By  nitra- 
ting ordinary  acetodibromanilide,  and  treating  the  rmlting  nitro-compound, 
0*.NH(CH'0).N0'.H.Br.H.Br,  with  alcoholic  ammonia. 

This  base  is  considerably  more  soluble  in  alcohol  than  the  para-compound  last 
deacribed,  and  ciystallises  uierefrom  on  cooling,  in  stellate  ^ups  of  transparent 
orange-coloured  needles,  which  melt  at  127*8®,  and  begin  to  sublime  at  the  same  tem- 
perature. It  is  but  slightly  soluble  in  cold  water,  somewhat  more  in  hot  water, 
moderately  soluble  in  adds,  s.y.  in  nitric  add  of  sp.  gr.  1*88. 

By  ethyl  nitrite,  this  base  is  easily  converted  into  symmetric  nitrometadibromo- 
benzene  (p.  177)*  and,  by  substitution  of  bromine  for  the  residue  NH*,  into  nitro-tri- 
bromobouEene  malting  at  119*6® : — 


NH' 


B./\ 


NO- 


Br. 


x\no" 


Br/ 


Br 


NO" 


Br 


Er 


Br 
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TribromoiiitraBilines,  0*HBr*(NO«).NH*. 

(1).  TribromorthoniiranUme,  (NH' :  NO' :  Br  :  Br  :  Br- 1  :  2  :  4  :  5  :  6%  li  pso- 
dnced  bj  ezpodng  (1:2:  4),  bromonitraniline  (p.  200)  suspended  in  hjazoehlorie 
acid  to  a  current  of  air  charged  irith  bromine-yaponr.  It  crystallises  tram  aloobol  in 
small  lemon-yellow  needles,  melts  at  161*4°,  and  is  conTeited  by  ethyl  nitrite  into 
nitrotribromooenzene,  C.NO'.H.Br.Br.Br.H,  melting  at  lll'O**.  This  reaetion  and 
its  mode  of  formation  indicate  its  constitution : 


KB* 


KB* 


/  \no" 


Br 


Br 


/\no' 


B 


BXi 


/\s 


Br 


O" 


'\/ 


Br 


(2).  JHbronu>metanUratUlhi£,(SR^ :  Br :  NO* :  Br :  Br- 1:2:8:4:  6),isfiinnad 
by  passing  a  cnrrent  of  air  saturated  with  bromine-vapour  through  a  dilate  nolvtioii 
of  metanitraniline  in  excess  of  hydrochloric  add,  ana  separates  at  first  in  jdlow- 
brown  drops,  which  subsequently  concrete  into  a  light  greenish-yellow  crystalline 
precipitate.  On  washing  this  precipitate  with  water  to  remove  hydrochlorie^and 
hydrobromic  adds,  then  drying,  ana  repeatedly  cxystallising  from  hot  alcohol,  it  is 
obtained  in  transparent  needles  having  a  light  greenish-yellow  colour  and  strong 
vitreous  lustre,  and  usual^  grouped  in  stars.  It  dissolves  very  easily  in  aLsohoU  and 
melts  at  102*5^.  Ethyl  nitrite  converts  it  into  nitro-  (1:8:5)  bromobenaaos 
(p.  181).  This  reaction,  togetiier  with  its  formation  from  metanitraniline,  indicates 
its  couRtitution : — 


Kli* 


Br 


/V 


\y 


Jno« 
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NO" 


Br 


«()■ 


Br  Br 

Obloroiiltrmiilllnast  CH*C1(N0^NH*),  (Edmer,  Gtufsetta,  iv.  878 ;  BeilstMB 
a.  Eurbatow,  DmU,  Chem.  Gei,  Ber.  iz.  638 ;  lAebi^a  Annalen,  dzzadi.  94).  The 
known  compounds  of  this  group  are  represented  by  the  following  formulse : — 

KH*  NE«  NH'  KH'  NH» 


/Vo.  /\ 


m.p.  116-40 


ci 


NO" 


/\a  y\a 


\y 


NO' 


\/ 


124<>-126<»  117**-118*' 


NO" 
104O-106*» 


NO" 
156*>-167** 


(1).  ParaehloroHhmi^naine,{^SE}  :  NO* :  Cl»l  :  2  :  4^,  is  obtained  by  heating 
nitroparadichlorobenzene  to  165°  in  sealed  tubes  with  alcoholic  ammonia,  distilling  off 
the  greater  part  of  the  alcohol,  precipitating  and  washing  with  water,  and  reerystulis- 
ing  from  boiling  water.  It  forms  splendid  needles  sometimes  flattened,  having  a  de^ 
orange-yellow  colour,  a  peculiar  odour,  and  melting  at  1 16*4^  (Eomer)  ;  at  1 15^  (K  and 
E.),  that  is  to  say,  at  a  higher  temperature  than  the  corresponding  bromonitranilino 
(p.  200).  From  alcohol,  m  which  it  is  veiy  soluble,  it  crystallises  by  spontaneous 
evaporation  in  spherical  groups  of  needles  of  a  still  darker  colour,  approaching  to 
bride-red.  It  is  slightly  volatile  even  at  ordinary  temperatures,  and  tinges  paper 
yellow  even  at  a  considerable  distance.  With  ethyl  nitrite  it  yields  (1  :  8)  nitxo- 
chlorobenzene ;  and  by  reduction,  and  prolonged  treatment  of  the  resulting  bromo- 
diamidobensene  with  sodium-amalgam,  it  is  converted  into  p  :  2)  diamidobensene. 
These  reactions  show  that  the  radides  in  this  nitrc-chloraniline  are  disposed  in  the 
manner  above  represented  (Eomer,  Gaezetia,  iv.  878). 

(2).  Metachlorarthonitranaine,  (NH*  :  NO*  :  Gl » 1  :  2  :  5),  is  obtained  by  heating 
paranitrometadichlorobenzene,  0*.C1J9.G.N0*.H*  (p.  186),  to  160^  in  sealed  tubes  for 
eight  to  twelve  hours  with  alcoholic  ammonia,  partially  distilling  off  the  alcohol,  pre- 
cipitating with  water,  and  reerystallising  from  hot  alcohol  (Eomer).  It  may  also  be 
prepared  firom  m-chloraniline,  by  first  converting  this  base  by  means  of  acetyl 
chloride  into  metachloracetanilide  (crystals  melting  at  62*5^),  and  treating  this  com- 
pound with  B  mixture  of  nitric  and  sulphuric  add,  whereby  two  nitro-derivatives  are 
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formed,  ooe  of  idiioih,  when  decomposed  by  boiling  irith  loliilaoii  of  lodiiim  carbonate, 
yieULi  a  distillate  containing  metaehlororthonitnmiline  (Beilstein  a.  Karbatow»  DeiU, 
Cktm,  €ft8.  Ber.  ix.  684). 

Metachlororthonitzaniline  ciystallises  firom  alcohol  in  vwj  thin  jeUow  laminsB 
several  millimeters  broad  ^Eorner) ;  from  carbon  sulphide,  in  which  it  is  Teiy  slightly 
solnble,  in  yeUow  needles  haying  a  golden  lustre  (B.  and  K.)  It  melts  at  123*2°, 
and  begins  to  sublime  at  112<'  (Komer) ;  melts  at  124^-125° ;  and  its  aeetyl-deriTa- 
ttre  at  1 16^  (B.  and  K).  It  dissoWes  easily  in  strong  nitric  and  hydrochloric  acids, 
forming  oolonriess  solutions,  from  whidi  it  is  precipitated  imaltered  by  water.  It  is 
mufili  more  solable  in  alcohol  than  the  corresponding  bromine-compound.  B^  ethyl 
nitrite  it  is  rapidly  oonrerted  into  parachloronitrobenzene.  By  reduction  with  tin 
and  hydrochloric  acid  it  yields  monochlororthodiamidobeniene,  which,  by  the 
prolonged  aetion  of  sodium-amalgam,  isconyerted  into  orthodiamidobensene  (Komer). 

(3].  OrtkoeklorametamtrmUine,  (NH* :  a  :  NO*- 1  :  2  :  6).— Prepared  like  the 
preoBCDng  compound,  by  nitration  of  orthochloraniline.  Oiystallises  in  easily  soluble 
needlea,  malting  at  117^-118°.  Its  acetyl-deriyatiye  forms  colourless  needles,  melt- 
ing at  168^-164°.  The  base,  treated  wiui  alcohol  and  nitrous  acid,  is  oonyerted  into 
p-eUorooitrobensene  (Beilstein  a.  Kurbatow). 

Uy  OrtiaMoroparamiranaine,  (NH*  :  CI :  NO'- 1:2:  4).— Prepared  by  heating 
diehteonitrobettsene,  C*.GLC1JE.N0*.H'  (m.  p.  48°)  with  ammonia  to  210°.  Ciprstal- 
lises  in  light  yellow  needles,  easily  soluble  in  alcohol  and  carbon  sulphide,  melting  at 
104^-106°.  Its  acetyl-deriyatiye  forms  colourless  needles  melting  at  189°.  The 
base  is  oomrerted  by  nitrons  ether  into  metachloronitxobenxene. 

(5).  MitachlaroparanUraniUne,  (NH*  :  CI :  NO*- 1:8:  4).— Formed,  together  with 
«-chl(n>o-nitraniline,  by  nitration  of  m-chloracetanilide,  &c  Crystallises  from  benzene 
in  yellow  laminas  melting  at  166°-167° ;  its  acetyl-deriyatiye  melts  at  141°-142°. 
By  treatment  with  nitrous  ether  the  base  is  conyerted  into  orthochloronitrobenisene, 
melting  at  32-6°  and  boiling  at  243°  (Beilstein  a.  Kurbatow). 

ChiorobrofnarikonUraniline,  C.NH'.NO'JE.GLH.Br  (1:2:4  6).— This  base  is 
produced  by  passing  air  charged  with  bromine-yapour  through  moderately  strong 
hydrochloric  acid,  in  which  finely  pulyerised  paracmororthonitraniline  is  suspended 
Aa  the  point  of  saturation  is  attamed,  the  ydume  of  the  liquid  increases  considerably, 
and  the  chloro-brominated  base  separates  in  the  form  of  a  microcrystalline  chrome- 
yellow  powder.  After  washing  with  water  and  reoystallisation  from  alcohol,  it  forms 
loiig  shming  transparent  needles  of  a  lisht  orange-yellow  colour,  yery  mudi  like  the 
OTVtals  of  potassium  pieiate,  and  like  Uie  latter  trichroio.  It  melts  at  106*4°,  and 
may  be  sublimed.  Etoyl  nitrite  conyerts  it  into  symmetric  nitrochlorobromobenxene 
(p.  187)  (Komer). 

Dichloronitranilines,  0"H«C1XN0«XNH«).— -Two  modifications  are  known, 
one  haying  its  two  chlorine-atoms  in  the  para-,  the  other  in  the  meta-posiUon. 

(1).  I\iftuUehloraniirtuUUti€  is  formed  by  heating  /^dinitroparadichlotobensene 
{p,  186)  with  alcoholic  ammonia  to  160°-160°  fbr  seyeral  days : — 

CHKJl^T^O*)*  +  2NH«  -  N«  4-   2HK)  +  0»H«0l«(N0«XNH«). 

By  concentrating  the  contents  of  the  tube,  precipitating,  washing  with  water,  and 
distilling  with  steam,  it  is  obtained  in  yellow  needles,  melting  at  66*4°,  and  easily 
subliming.  By  the  action  of  ethyl  nitrite  it  is  conyerted  into  nitroparadichloroben- 
Bene  (m.  p.  64*6°),  which,  when  heated  with  alcoholic  ammonia,  yields  parachlorortho- 
nitraniline  (m.  p.  116*4),  and  this  by  the  action  of  ethyl  nitrite  is  conyerted  into  meta- 
chloTonitrobensene  (ul  p.*  48°).  These  transformations,  as  well  as  its  formation 
from  /l-dinitioparadichlorobenzene,  are  consistent  with  either  of  the  following 
temulsB: — 

.NO*  Cl/\ 


N0» 
1:2:8:6.  1:8:4:6. 

(Komer,  Gasutia,  vr,  868). 

(2).  Meiadu^doropanmUraiUUne,  C».NH«.CLH.NO«.H.a.— 0.  N.  Witt(2)sirf.  Chem. 
first.  Ber,  yii.  1601)  prepares  this  compound  by  adding  acetodichloranilide  (p.  6)  to 
iea-cold  nitric  acid  of  sp.  gr.  1*61,  pouring  uie  mixture  immediately  into  1C9  cold 


I 

I 
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r,  recryaUllisine  thn  product  ftom  aloohol,  and  decompwing  tho  rMolting  ui 
nUrodkUoTaoilidt,  C*H'Cl"(NO').NH((PKK)),  (m.  p.  IBB"),  by  quickly  heating  it  with    ■ 
hjdroehlaric  acid  Cu  lfi0°-180''.     Tho  dii^lUiiraDitmtiilinB  Urns  obtaioed  ciyfUUiw*    ' 
from  alcohol  in  tufts  of  oia.nge-ied  needles  melting  at  100°.    By  ttealai«nt  with 
nitrous  ether  it  ia  converted  into  symmetric  mtradichlorobenzeDS  (NO':  CI  :  Ct  — 
I  :  3  ;  6)  melting  at  Bi'-W- 

Komar  (Garzetta,  ir.  276)  prepsreB  Iha  same  dichloroDitraniliDs  by^pMaing  » 
Tsiy  bIov  correDt  of  chlorice  thmugh  a  coaled  lotation  of  paramtraniline  id  k  tajgs 
«icWB  of  hydi«chloric  acid,  and  treating  ths  rssulting  yallow  precipitate — after  w««liiBg 
with  wnler  and  drying— with  a  largo  quantity  of  boiliDg  alcohol,  which  lean*  imdii- 
Bolved  a  quantity  of  metallically  lustrous  acalsa  conaisting  of  tetracbloroqiUDOiie, 
whjlo  the  alcoholic  solution  oa  coaling  deposits  a  cryBlsUiBa  magma  of  the  dichlorani- 
traniline,  atill  miied  with  a  small  quanli^  of  tetrachloroquinone  which  canool  be 
separated  by  cryslBlliBatJon.  If,  howeier,  the  dichloranitraniliDB,  without  farther 
purification,  be  snbjectad  to  the  action  of  nitrous  etlira.  it  is  couvsited  into  Eymmetric 
nitrodicblorobeniBno,  which  may  be  sepMatod  ty  distilling  off  tbe  groater  part  of 
ths  aleohol,  adding  potsah,  and  distilling  in  a  canent  of  steam,  the  tetmchloioqniiKiEia 
then  Temsining  in  the  form  of  a  potassium  salt. 

The  formation  of  this  diBUoronitranilinB  by  tbe  proceues  above  meationed  wonld 
not  of  itself  be  safficient  to  determine  the  positions  of  the  two  chlorine-atoms  ;  bet  iti~ 
conTennoD  into  symmetric  nitrodichlorobenssne  by  the  action  of  nitcout  ether  ibowi 
that  it  most  likawiso  have  its  two  chlorine-atom  a  i-ymmetriciiny  situated  with  i«gBid 

to  the  nilryl,  and  as  it  is  moreover  derived  from  paranitraniline,  iti  ""  -'-■--- ' 

be  repToseoted  by  the  following  formula : 


0 

BO- 


As  iodoni tramline,  probably  having  iht  structure  I  :  3  :  6  oi 
C.NH".NO'.H.H.I.H,  is  formed  by  Loating  nifxomeladiiodobenzeno,  O*.!  SQ'.H.H.I.H. 
(m.  p.  168*°).  with  alcoholic  ammonia  to  170°  for  several  days.  It  is  purified  by 
washing  with  water  and  recry stall  isation  from  absolute  alcohol,  which  latter  operation 
must  be  performed  to  sealed  tubes,  inasmuch  aa  the  compound  ia  but  very  sparingly 
soluble  in  alcohol  boiling  under  ordinary  preesure.  It  forms  large  lanceolate  ataef- 
hluB  lamias,  which,  when  sufficiently  thiu,  appear  yellow  by  transmitted  light.  It 
does  not  melt  at  220^  and  is  not  att«ek»d  bj  ethyl  nitrile  (Kiicner,  GamUa,  iv, 


coholic  Derivalivit  of  Aniline. 

Hofmann  {Dtut.  Chan.  Gti.  Ser.  vi.  33S)  finds  that  com- 
eihylaniline,  boiling  at  ISW-ISS",  is  a  mijturo  of  monomolhylanilino  "rith 
an  line  and  dimcthylsniline.  Tbe  aniline  is  easily  removed  by  adding  dilute  sulphuric 
acid  as  long  OS  aniUna  Bulphate  Bsparates  out;  and  by  ti'eating  tbe  remaining  tiqnid 
with  an  alkuli,  a  mixture  of  mono-  and  di'methylaniline  ib  obtained,  which  msy  be 
easily  eeparated  by  treatment  with  acetyl  chloride,  whereby  the  monometbylanilinn  is 
cfUTerted  vito  methylBcstauilldf,  while  the  dimstbylanlline  combines  with  the  hydro- 
chloric arid  formed  in  the  reaction: 

C^'JSH(CH')   +   C«H'.N(CH')'  -i-   CIPOa   =  CH'.N(CH"XC>H'0) 


I 


CH'.NtCH')".HCl  H 


On  pouring  the  product  into  hot  water,  the  methylacetanilide  separates  on 
cooling  in  splendid  long  noodlos,  and  lbs  mothpr-liquor.  whon  concpntnitad,  yields  a 
further  qnaotity  of  this  compound,  while  dimethylaniline  hydrochloride  remains  in 
solution.  On  distilling  this  liquid  vrith  an  alkali,  dimethjtomine  passes  otbt  first, 
id  then  more  methylacetanilide.  This  last  compound  malta  at  104°,  and  distils  be- 
een  240°-250''.  It  is  slowly  decomposed  by  alkalis,  much  more  quickly  by  hydro- 
chloric acid,  yielding  acetic  acid  and  hydrochloride  of  msthylaniliDe,  ttraa  which  tlie 
pure  base  may  be  obtained  by  distillation  with  an  alkali. 

Pure  methyUniline  has  a  sp.  gr,  of  0976  ot  15°,  and  boils  at  IBC-lBl".  It  doea 
ot  give  a  violet  colour  with  bleaching  puwicr;  neither  does  its  oxalate  yield  ntiluw 
wdjeo  ilea  ted. 
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Dimathjlaniline  boibi  at  lOO^'-lQl^  (Hofinaim).  When  it  !•  heated  to  160^ 
for  tome  honn  with  phosphonu  trichloride,  a  laij^e  qnantitj  of  methyl  chloride  ia 
giTOQ  off,  and  the  aoaeoiui  eolation  of  the  residue  gives  with  caostie  soda  a  precipi- 
tate containing  mncn  dimethvlaniline ;  and  on  remoying  this  by  water,  and  cxystal- 
Unng  the  residiie  from  alcohol,  a  white  czTstalline  basic  substance  is  obtained, 
Mpazentlj  consisting  of  the  phosphine  base,  P[0'H^ — N(CH')']*  (J.  Hanimann, 
jStuL  CUm.  Get,  Ber.  iz.  845). 

JHmethuliromamlinit  0'H*Br.N(CH')',  is  formed  on  adding  bromine  to  a  solution 
of  dimethylaniline  in  acetic  acid,  and  may  be  precipitated  from  the  solution  by  addi- 
tion of  water  or  caustic  soda.  It  ciystallises  ftom  alcohol  in  silvery  plates  malting 
at  66^.  Its  hydrochloride  is  deliquescent,  and  yields  a  crystallisable  pl^dnum  salt 
(Weber,  Ikui.  Chem.  Gt»,  Ber.  viii.  714). 

yUromelkylamlme,  €"H*.NH(CH<NO*),  appears  to  be  formed  by  the  action  of 
on  moist  mercuric  fulminate  (p.  192). 

Dmdhytminmame,  C«H«(NO>).N(CH*)*,  is  obtained  as  a  crystaUine  predpitate 
on  addin|;  strong  nitric  acid  to  a  solution  of  dimethylaniline  in  12  to  16  pts.  of  glacial 
aoetie  aeid.  It  is  slightly  soluble  in  hot  water,  freely  in  alcohol,  ether,  and  benzene, 
and  eratallises  in  needles  melting  at  162^-168^ ;  does  not  combine  with  hydrochloric 
aeid  (Weber). 

mmetkyliniiroemdUne^  0^«(NO).N(GH')'.— The  hydrochloride  of  this  base  is 
formed  by  the  action  of  nitrous  add  on  the  hydrochloriae  of  dimethylaniline : 

C«H».N(CH»)«.Ha  +  NO«H  -  HK)  +  0»HXN0).N(CH»)«.HC1. 

To  prepare  dimethylnitrosaniline,  100  pts.  of  amyl  nitrite  are  added  to  a  mixture 
of  50  nts.  of  dimethylaniline  with  100  pts.  of  concentrated  hydrochloric  acid,  and  760 
pts.  of  a  mixture  of  1  voL  of  hydrochloric  acid  with  2  vols,  of  alcohol  which  is  well 
cooled  with  ice.  After  a  short  time,  yellow  needles  separate ;  as  soon  as  these  no 
longer  increase  in  quantity,  the  mass  is  thrown  on  a  vacuum-filter  and  washed  with 
ether^dcohoL  An  almost  quantitative  yield  of  pure  dimethylnitrosaniline  hydro- 
chloride is  thus  obtained,  in  the  form  of  small  sulphur-yellow  needles ;  these  melt  at 
177*'>  but  are  apparently  decomposed ;  they  dissolve  in  water,  forming  an  intensely 
yellow  solution.  On  adding  potassium  carbonate  to  the  hydrochloride  suspended  in 
water,  the  pure  base  separates  in  green  flakes ;  it  may  be  extracted  with  ether,  and 
on  evaporating  the  solution,  is  obtained  in  large  green  plates,  which  melt  at  92®,  and 
are  slightly  volatile  in  a  current  of  steam.  The  sulphate  and  nitrate  of  the  base  are 
obtained  in  fine  yellow  needles  on  adding  sulphuric  or  nitric  acid  to  an  ethereal  solu- 
tion of  dimethylnitrosaniline.  Dimethylnitrosaniline  is  easily  reduced  bv  tin  and 
hydrochloric  acid,  a  base  different  from  dimethvlaniline  being  produced.  When 
boiled  with  an  ^kali,  it  is  resolved  into  dimethylamine  and  nitrosophenol: 

OH*(N0).N(0H»)«  +  HH)  -  NH(CH»)«  +  0>H*(NO)OH 

(Baeyer  a.  Oaio,  Devi,  Chem,  Oea,  Ber,  vii.  809,  963). 

BtHjlaailina  or  BHiylaiiiiaotoeBseiMt  CH*.NH(C*H*),  and  JkmULa^mthjU 

benaeae,  0*H«((7H*).NH*  (A.  W.  Hofmann,  Deut,  Chem,  Gee.  Ber,  vii.  626).  Ethvl- 
aniline  boils  at  204^-206®,  forms  with  ^latinie  chloride  an  oily  salt  which  gradually 
solidifies,  and  does  not  yield  a  crystalline  salt  with  sulphuric  add  or  with  aqueous 
hydroefaloric  add ;  when,  however,  dry  hydrochloric  add  gas  is  passed  into  it,  the 
liquid  solidifies  on  cooling  to  a  white  crystalline  mass. 

Now  when  the  ethylaniline  hydrochloride  thus  obtained  is  heated  in  sealed  tubes 
to  800^-830®  for  about  three  hours,  it  changes  into  a  brown  honey-like  syrup,  which 
does  not  exhibit  any  crystalline  structure  even  after  cooling ;  but  if  the  heating  be 
continued  for  twelve  to  eighteen  hours,  the  syrup  again  changes  to  a  mass  of  crystals 
imbedded  in  a  brown  resinous  mother-liquor ;  and  on  treating  this  mass  with  water, 
which  dissolves  only  the  crystalline  constituent,  and  mixing  the  filtered  solution  with 
alkali,  a  bade  product  is  separated,  the  greater  part  of  which  distils  between  212® 
and  216®,  the  thermometer,  however,  ultimately  rising  to  230®,  showing  that  bases  of 
higher  boiling  poipt  are  also  present. 

The  base  distilling  between  212®  and  216®  yields  a  platinum  salt  having  the 
same  percentage  composition  as  that  of  ethylaniline,  but»  unlike  the  latter,  crystallising 
immediatdy  in  beautifiil  stellate  groups  of  needles^  Moreover,  a  drop  of  the  base 
brought  in  contact  with  dilute  sulphuric  or  hydrochloric  add  immediately  solidifies 
to  a  sparingly  soluble  crystalline  mass.  These  characters,  together  with  the  higher 
boiling  point,  show  that  the  base  in  question  is  not  identicid,  but  isomeric  with  eUiyl- 
aniline.  Further,  this  base,  when  repeatedly  treated  with  xnethyl  iodide,  is  converted 
into  the  iodide  of  a  trimethylated  ammonium  base,  0"H>*NI<-  (G>H«.C*H*XCH«)^NI, 
showing  that  it  is  no  longer  a  secondary  but  a  primary  aoune.    The  ethylainido- 
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benzene  hai  in  fact  been  conyerted,  by  a  shifting  of  the  ethyl-group,  into  smido-ttbyl- 
benzene : 

BthjUunldobenxeDe 

C«H».NH(0'H*) 


or 


0>H» 
FhoDyl-etbylamine 


NJ(?H« 


Anido-etbyM 


AAldO-etftyl-lMBM 


or 


/C«H\0«H») 

nJh 

BthylophenjlanilBe 


Amido-ethyl-benzene  obtuned  ae  above  is  identical  with  the  o-a^lidine,  boiling  at 
21S<»-214^  (Beilstein  a.  Kupfer),  at  212<>  (Hofinann  a.  Martina),  which  ia  obtaiiMd  fay 
reduction  of  b-nitro-ethyl-benzene  {Ist  duppl.  292,  1181). 

The  higher-boiling  portions  of  the  basic  products  obtained  by  the  action  of  heat 
on  etbylamline  hydrc^hloride  likewise  consist  mainly  of  amido>ethyl-benBeaa»  mixed, 
however,  with  a  small  quanti^  of  base  having  a  diethylatad  phenyl-nncleus,  whoae 
formation  may  be  represented  by  the  equation : 

2 1  0-H»JJH(0«H*)  I   =  0-H«((7H»)«JIH«  +  O^JSIB*. 

AeHon  of  Nitrous  Aoid  on  Etkylaniiine, — Griess  foxmerly  obtained  by  thia  ZMdioii 
water,  alcohol,  and  diazobenzene  nitrate  (iv.  480);  but  from  recent  azpeziments 
(Deut,  Chem,  Gea,  Ber.  viL  218)  he  finds  that  thediief  product  is  nitroso-ethyl- 

^Q  ,    which   is   easily  obtained  by  passing  a   not    too  rapid 

current  of  nitrous  acid  into  a  solution  of  ethylaniline  in  dilute  hydrochlone 
acid,  or  by  mixing  the  solutions  of  ethylaniline  hydrochloride  and  potassium  nitrite. 
It  is  a  heavy,  yellowish  oil,  smelling  like  bitter  almonds,  and  dissolvipff  ftvely 
in  alcohol  and  ether.  It  is  perfectly  neutral,  and  combines  neither  wiu  bases 
nor  with  acids.  On  distilling  it^  the  greater  part  is  completely  destroyed,  and  on  dis- 
solving it  in  strong  hydrochloric  acid  or  nitric  add,  it  is  soon  decomposed,  with  evolutiioo 
of  gas.  On  adding  water  to  the  solution  in  nitric  acid,  after  it  has  stood  for  some 
hours,  a  compound  is  precipitated,  which  crystallises  from  alcohol  in  yellow  needles. 
When  an  alcoholic  solution  of  nitroso-ethylaniline  is  treated  with  zinc  and  sulphuric 
acid,  it  is  re-converted  into  ethylaniline. 

AmylaniUno  or  Amjlamiaotoenaeno,  G^*J^C*H"),  and  Aintiln  amjl. 
benseno,  C>H«(0»H").NH'  (Hofinann,  Deut.  Chem,  Qea.  Ber.  viii.  529).  AmyUoiline 
prepared  by  heating  aniline  hydrochloride  with  amyl  alcohol  to  200^  for  twelve  hoan, 
and  fractional  distillation  of  the  product^  or  by  heating  amyl  iodide  with  aniline^ 
boils  at  258^,  and  exhibits  the  ordinieu^  properties  of  secondary  amines — that  is  to  say, 
it  does  not  solidify  to  a  ciystalline  salt  with  either  aqueous  hydrochloric  or  bul^urie 
acid,  and  forms  with  platinic  chloride  an  oily  compound  which  slowly  sdlidiiies. 
When,  however,  it  is  saturated  with  dry  hydrogen  chloride,  and  the  re«ultiiig  hydio- 
chloride  is  heated  in  sealed  tubes  to  300^-840°  for  about  twelve  hours,  a  change  takes 
place  similar  to  that  which  is  observed  in  the  case  of  ethylaniline,  a  ciTBtallina  mass 
being  formed,  surrounded  by  a  resinous  substance ;  and  on  dissolving  this  crystalline 
product  in  water,  and  treating  the  filtered  solution  with  an  alkidi,  a  baaie  oil  is 
obtained,  boiling  at  nearly  the  same  temperature  as  amylaniline,  but  diflfering  from 
that  base  in  all  its  other  properties,  forming  an  easily  fusible,  but  well-czystallked 
hydrochloride,  a  sparingly  soluble,  crystalline  sulphate,  and  a  well-czystalliaea  platino- 
chloride  having  the  same  percentage  composition  as  that  of  amylaniline.  Moreovei; 
when  heated  with  methyl-iodide  it  takes  up  three  methyl-groups,  and  is  converted  into 
the  quaternary  iodide,  (0"H^O»H")(CH*)*NI.  These  reactions  show  that  the  hydro- 
chloride of  amylaniline  undeigoes  when  heated  a  molecular  tnnsformatioii  nmilar 
to  that  which  takes  place  in  ethylaniline,  the  amyl-group  which  in  the  amylamUne 
is  directly  united  with  the  hvdrogen,  bein^  transferred  to  the  phenyl-groiqp,  and  tho 
seoonduy  amine  being  thereoy  converted  into  a  primaiy  amine : — 

0*H».N<^j^„  =-  C«H^O»H»).NH«. 

Amylamido-benMoe  Ainido-em/l-beaMne 

or  Amylaniline.  or  Fhenyl-amj^amine. 

The  molecular  changes  thus  brought  about  by  the  action  of  heat  on  the  hydro- 
chlorides of  ethyl-  and  amylaniline  are  exactly  similar  to  those  previously  obsored 
to  take  place  in  the  meUiylanilines,  whereby  a  quaternary  compound  was  lint 
converted  into  a  ternary,  this  into  a  secondary,  and  the  latter  into  a  primary  amiim 
(2Md3uj>pl.  67). 
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NH(0*H*)'.  Oommercial  diphenylamin^  after  tzMUn«nt  with 
h  jdroehlorie  add,  and  repeated  oirstalliiation  from  hot  ligroin,  fatmM  white  tfhining  plate* 
reeembling  naphthalene,  and  muting  at  54^  (older  statements  give  46^  as  the*melting 
point).  It  has  a  Tery  £unt  odour  when  oold,  becoming  stronger  on  warming.  Warm 
■ulphnrie  acid  dissoWes  it  without  coloration,  bat  on  raising  the  solution  to  a  higher 
temperature,  a  deep  blue  tint  is  produced,  ultimately  changing  to  bluish  green  (Men 
a.  Wetth,  Deui.  Chtm.  Gen,  Ber,  vi.  1611). 

Ikoomi^otition  by  H$ai, — ^When  diphenylamine  is  passed  through  a  red-hot  tube, 
tha  ibllowing  reactions  take  place : — 

NH(0«H»)»  -  HN\l_    +  ^ 
Oerbeaol 

NH(cws[»)«  +  H«  -  era*  +  cra».NH« 

NH(C«H»)«  +2H«  -  2C«H«  4-  NH». 

M9tkjilldiphmylamm9  is  decomposed  at  a  much  lower  temperature  than  diphenyl- 
amine,  Imt  no  methylcarbasol  is  formed.  A  great  quantity  of  carbon  separates  oot  in 
tho  tube,  and  the  Tolatile  products  consist  of  bensene,  aniline,  bensonitril,  dipbenyl- 
amine,  carbaaol,  hydrogen,  marsh-gas,  and  nitrogen.  In  this  reaction,  therefore,  the 
methyl- group  is  first  ^minated  as  marsh-gas,  and  the  diphenylamine  thus  formed 
yields  carbaxol,  aniliud,  and  benzene.  The  formation  of  benaonitril  is  explained  by 
the  equation: 

N(OH»)(C«H«)«  -  (yH».CN  +  C«H«  +  H» 

(Graabe,  Lubi^s  JnnaUn,  dzzir.  177). 

Action  of  Oarbomyl  ekloricU  <m  IHphmwlamme, — When  this  gas  (phosgene)  is 
passed    at    86^    into    a    solution    of    diphenylamine    in   ligroln,    the    compound 

00  ^v/oiH*Vi  ^'  produced,  which,  when  treated  with  ammonia,  aniline,  or  diphenyl- 
amine, is  oonTerted  into  a  pheoylated  carbamide  (Michler,  Jkut.  Cksm,  Oea,  Ber,  riii. 
1664). 

Aeiwn  Iff  Etkfl-chlaroearbimats. — When  solutions  of  this  ether  and  diphenylamine 
in  bensene  are  mixed  and  gently  heated,  diphenylamine  hydrochloride  is  deposited,  and 
the  filtrate  leares  on  eraporation  a  crystalline  mass,  which,  after  erystaUisation  from 

amyi-alcohol,  yields  diphenylurethane,  00^^/n«^gvs,  in  slender  colourless  prisms 
melting  at  66^-72^*  and  remaining  unaltered  when  digested  with  aniline : 

2NH(C-H»)-  +  CO<gJ^.    -  NH(C-H»)«.HC1  +  CO<gJ^.j, 

(Men  a.  Weith,  loe.  eit.) 

Action  of  Oxalic  Acid. — ^When  dij^enylamine  is  heated  with  oxalic  and  hydro- 
chloric add,  formodiphenylamine,  (G'fl*)'N.OOH,  is  produced,  together  with  a  blue 
eolonring  matter  whicn  appears  to  contain  the  hydrochloride  of  a  complex  amine,  formed 
from  sereral  diphenylamiDe-residues  united  by  a  carbon-atom,  or  by  the  group  CH  or 
CH*  (Girard  a.  Willm,  Bull.  See.  CHm.  [2],  xxiy.  99). 

Diphenylamine-sulphonic  acids. — ^When  6  pts.  of  strong  sulphuric  add  are 
digested  with  6  pfe.  of  dipbeoylamine,  and  the  product  is  treated  with  hot  water,  a 
oondderable  quantity  of  unaltered  diphenylamine  remains  undissolved,  and  the  liquid 
neutralised  with  banum  carbonate  and  oTaporated  yields  shining  crystaUine  nodules  of 
hanum  dipkenylaminc^monoiu^honate,  (CH**NSO*}'Ba.  Thelast  mothei^liquors  from 
which  this  salt  has  been  deposited  yield,  dther  when  eraporated  or  when  treated  with 
alcohol,  easily  soluble  nodular  crystals,  consisting  of  barium  diphmylaminedi»ulpho- 
note,  0*'H*K(80')'Ba.  Dipkenylamine-monoMdpMnic  acid  is  obtainea  by  decomposing 
its  barium  saJt  with  sulphuric  add.  It  forms  a  crystalline  mass  consisting  of  white 
leafiets,  which  become  blue  on  exposure  to  the  air,  and  melt,  with  decomposition,  at 
200®,  yielding  diphenylamine  and  sulphuric  add.  The  poiasnum  tali,  C"H'*N80'K, 
forms  white  shining  leaflets  easily  soluble  in  water  and  slightly  soluble  in  alcohol. 
The  load  oalt,  (0*^*'NSO')*Fb,  forms  tufty  or  nodular  crystals  slightly  soluble  in 
water. 

The  sulpho-adds  of  diphenylamine  give  a  deep  riolet  colour  with  potassium 
chlorate,  and  a  solution  of  dther  of  these  sulpho-acids  in  hydrochloric  acid  giyes  a 
green  colour  with  potasnum  permanganate,  green  flakes  being  finally  depodted. 
Moreorer,  a  tint  nnular  to  that  of  iodine  dissolyed  in  carbon  sulphide  is  produced  by 
beating  dther  of  these  sulpho4idds  with  oil  of  yitrol. 

When  diphenylamine  is  heated  to  206®  with  sulphuric  add,  sulphur  dioxide  is 
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evolved,  and  iJie  product  contatu,  aot  onlj  thn  BQlpho-adda  nlrendy  duoribad,  bol  I 
bUo  a  brown  subsunu  ioBolnbls  in  water,  aulubts  in  alkiiUs,  uad  preoipitAtad  bjai" 
<M>ra  a.  Vfatb). 

Tbs  diph«Df  UmiQe-Bnlphonifl  acids  hestsd  to  200°  with  munU  quant.iti 
DUorio  acid  are  reaolvvd  iota  anlphuriG  acid  aod  diphanjIiLiDina  (Qirard,  Bvti.  I 
CAwt.  [a],  niii.  2). 

AlailuJia  Deriiiiliita  of  Diphenylamint axe  obtainnd  bj  tha  nctionof  dipbenylami  _ 
and  hydrocbJorio  add,  ia  varying  proportion*,  on  diflbrBnc  bIcoIioIh.  Mellijldipheajl- 
amine  boils  at  282°.  etbyldipheuy lamias  at  ■195''-'i91°,  amjidiphsnj'lamine  at  SSu*-. 
810°.  Those  Bobstances,  heated  with  oxalic  acid,  or  with  oxalic  and  lalphnrji;  hoi, 
aro  converted  into  blue  colouring  mattoM  (CJiiard,  BvU.  Soc.  Cktm.  [2J,  iiiii.  2). 

Dtrivatiea  of  Diphenylamine  containing  Add  Radicla. — F  ormodipheiijlsiiiiDS, 
(C*H')'X,COU.  is  prodaoed,  with  elimination  of  water,  bj  the  action  of  formic  acid  on 
di^enylamiac,  and  occur*,  at  alread;  menlioned,  amongst  the  prodncls  of  the  actiin 
of  oxalic  acid  on  diphenylaminq  (p.  207).  It  is  insoluble  in  water,  bnt  Kilable  in 
beniene  and  ia  alcohol,  crjatallising  from  the  latter,  bj  Bpontaneoos  evaporatiDO.  in 
large  orthorhombio  cryst^.  Treatod  with  sulphuric  acid  it  erolveB  pure  ejirbooie 
oxide ;  the  action  both  of  ledncing  and  of  oiidiBiog  agents  reproduces  diphanjl- 
nminf.  A  Bolutioa  of  potasBimn  hjdiate.  or  water  alooe  at  MO*,  cauBsi  it  to  iplit  up 
into  formic  acid  and  diphenjlamine  (Girard  a.  Willm), 

AcotyldipheaylarainB,N((?H'OXCH')',— Wbsa  acetyl  chloride  is  added  U 
a  Botution  of  iliphenylamine  in  benieQe,  a  cryHtalline  precipitate  is  formed,  whifll 
incraafes  in  quantity  on  the  application  of  heat;  aud  the  bltrate  yields  on  erBporatioD 
a  cryatnllnie  rcBidue  of  acetyldiphenylamine,  which,  aller  repeated  cryitalliwiticMi 
from  ligrom,  IB  obtained  in  colourlcsa  plates,  melting  at  9fi°  (Men). 

Bromodiphtnr/lamine  {.Vi.Qotb.m.Dntt.  Chsm,  Get.  Btr.wi.  926).— V. 
by  treating  aa  alcoholic  solution  of  diphenylnmine  with  bromine,  oblaiopd  t 
modiphenytamtne,  NH(C*H'Br')',  as  a  yrllo wish  precipitate  easily  aolu  ble  in  aloobol 
and  cryBtallLaiag  thererrom  in  beautiful  needles  (iv.  4fi3].  Acconling  to  Qnshm,  IJiii 
compound  crystalhsta  in  colonrlesB  transparent  needlra  or  prismB,  imioluble  in  water, 
only  aliglitly  saluble  even  in  hot  alcuhol,  easily  aoluble  in  benzene,  and  melting  at 
182°.     Heated  with  aottijl  ehloridt,  it  yiohiB  acetotetrabromodiphenylamine,  melting 

Hexbromodiphtnylaminf,  NH(O'H^r')',  is  obtained,  together  with  tetrabromodl- 
phenylamine,  an  adding  bromine  1o  a  solution  of  diphenjlamine  in  aet^tic  add.  It 
mBltn  at  21B°,  is  iniolable  in  water,  almost  insoluble  in  alcohol,  and  modeMtalj 
soluble  in  beniane,  from  which  it  separatea  in  coloarlesB  prismatic  crystala. 

Sodium-am algmn  removes  the  bromine  from  these  compounds,  converting  tbsn 
into  diphenylamine. 

Bromomethyldiphefiiflaminet. — TVhan  bromine  is  added  to  a  soIntiOB  of  metliTl- 
dipheaylamine  in  acetic  acid,  tbe  mixture  becomes  hot,  rvolvea  hydrobromic  acid, 
and  finally  solidifies  to  a  crystalline  mass.  Fractional  crystallisation  saparutea  this 
product  into  three  portions,  the  least  soluble  being  tril>nmometliytdiphnj/laa»Ma, 

N I  C'H'Br',  which  forms  colourless  needles  melting  at '93°,  and  disBotving  mdilviii 
ICH" 

The  fiaction  having  an  intermediate  solubility  in  alcohol  congiats  of  trtrohrovut' 
C'H'Br' 
(ii«(AyMiji*eB^;aBii"n(r,N]u"H'Br",  which  forms  needles  and  prisms  meltjngat  128", 

(CH" 
and  disBolviDg  readily  ia  benzene.     The  third  or  least  solnble  fraction  ia  titrahrovwdl-   J 
pheHylniHiite,  and  its  lormation  may  probably  be  represented  as  followa  :- 
[O'H'Br-  .CWBr* 

N   C'H'Br'  +  HBr  -  CH-Br  +   NJCH'Br'. 
ICH'  In 

The  methyl  may  be  removed  from  either  of  the  above- described  msthylalrf  I 
bromodipheoylaminea  by  digeetion  with  glacial  acetie  acid  nitA  ftromin«,  either  talis-  I 
faromodiphenylamine  or  hexbromodiphenylamine  being  formed. 

Sodinm-amalgam  removes  the  bronime.  laoving  methjldiphenylamine. 

Tribromomethyldi  phony lamine  is  readily  attached  by  hot  nitric  acid,  a  r. 

product  being  formed,  and  the  continued  action  of  fuming  nitric  acid  on  this  compound 
leads  to  the  formation  of  Mf  ran  iVrofiiftroinDdipimyiiointae,  which  separate*  from  glacial 
: :j  :_  |,jau[ifu|  yellow  leofietB,  melting  and  decompcaing  at  a36*'-2tJ'', 


1^^^^       dissolving  readily  in  alkalis.  '         _^^, 
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The  other  brominated  bodies  abore  described  yield  small  proportions  of  nitro- 

iponnds,  periuqw  identical  with  that  jnst  described. 

Cklorodipkenylamines, — A  eolation  of  diphenjrlamine  in  glacial  acetie  add 
absorbs  diy  chlorine,  ginng  off  hTdrochloric  acid,  and  after  a  time  deposits  crystals 
eoDsnsting  cbiefljr  of  tetracklorodyphenylamine,  NH(OH*Cl')'.  This  body,  when  pnre, 
forms  coloorless  prisms,  melting  at  133^-184®,  and  dissolVing  easily  in  alcohol,  ben- 
aene,  ether,  carbon  bisulphide,  and  chloroform. 

An  acetic  acid  eolation  of  methyldiphenylamine  likewise  absorbs  dry  chlorine,  with 
•Toliition  of  mach  heat,  and  yields  products  which  differ  according  to  the  strength  of  the 
•olution,  and  other  conditions.  One  of  these  forms  colourless  pnsms,  melting  at  96^- 
97^»  and  easily  soluble  in  the  same  liquids  as  the  foregoing  compound.  This  is  pro- 
bably teirackloromttJkfldipkeHylamine,  NCH*(G*H*a<)',  but  the  presence  of  methyl  in 
it  has  not  been  aetos&y  demonstrated. 

The  erode  product  of  the  action  of  chlorine  on  methyldiphenylamine,  when  treated 
with  nitrie  add,  yields  tetrachloroquinone  (chloranil). 

Methyldiphenylamine,  heated  to  160^  with  faming  hydrochloric  acid,  in  a  sealed 
tabe,  is  resolred  mto  methyl  chloride  and  diphenylamine  (Gnehm,  Ikui.  Chem,  Get, 
Bmt.  ToL  1040). 

1)ifk€%y\%%iro9am%%tt  qih*^^ — ^^^*  ^'  obtained  as  a  crystalline  predpitate 

by  acting  with  16  pts.  of  crude  ethyl  nitrite  on  one  part  of  diphenylamine,  at  a  tem- 
perature below  0^.  After  being  washed  with  ice-cold  alcohol,  it  is  dissolved  in  an 
eooal  weight  of  warm  bensene,  and  the  cold  solution  mixed  with  an  equal  volume  of 
aio&Ql,  and  left  to  eraporate. 

The  same  compound  is  veiy  readily  formed  by  adding  diphenylamine  hydrochloride 
to  a  solution  of  an  equal  weight  of  potasdum  nitrite  acidulated  with  acetic  add ; 
also  by  dissolving  2  pts.  of  diphenyliunine  in  4  pts.  of  benzene,  and  adding  3  pts.  of 
pore  ethyl  nitrite. 

Diphenylnitroeamine  crystallises  in  brilliant,  pale-yellow,  four-sided  plates,  melt- 
ing at  66*6^,  and  dissolving  readily  in  cold  acetie  add  and  aldehyde,  in  hot  alcohol 
and  benzene,  sparingly  in  hot  petroleum,  but  not  in  petroleum-naphtha.  It  is  not 
aeted  on  by  water,  ddute  adds,  or  alkalis,  and  dissolves  in  sulphuric  acid  with  a  beau- 
tbPdl  blue  colour,  like  diphenylamine.  When  sodium-amalgam  is  added  to  its  alcoholic 
solution,  ammonia  is  evolved ;  and  by  treatment  with  tin  and  hydrochloric  add  it  is 
converted  into  a  redn  consisting  diiefly  of  diphenylamine  (0.  N.  Witt,  Dtw^.  Chem. 
Qt9.  Ber.  viii.  865). 


U  N(G*H*)?  (Merz  a.  Wdth,  DetU.  Ckem,  Gn.  Ber.  vi.  1154). 
This  base  is  produced  by  the  action  of  bromobenzene  on  dipotassium-aniline,  or  on 
potaadnm-diphenylamine : 

NJ^*  +  20«H»Br  -  2KBr  +  N(0^)» 
nJ^*)*  +  C^«Br  -  KBr  +  N(C«H»)«. 

Potasdum  dissolves  in  aniline,  eliminating  hydrogen,  together  with  a  trace  of 
ammonia,  and  when  the  product  thus  obtained  is  digested  with  bromobenzene,  a  very 
violent  reaction  takes  place.  The  whole  being  now  treated  with  dilute  hydrochloric 
add,  to  remove  aniline  and  bromobenzene,  an  oily  substance  remains,  and  this  when 
fractionated,  first  yields  diphenylamine,  which  passes  over  at  about  300®,  and  then  a 
thick  oil,  which  distils  at  a  mudi  higher  temperature,  and  solidifies  on  cooling  to  a 
erystalline  mass,  which,  when  crystalliBed  from  alcohol,  exhibits  the  composition  of 
tnphenylamine.  These  results  show  that  potanium-^mUine  and  dipotaanum-aniUne 
are  both  formed  during  the  action  of  potassium  on  aniline. 

When  melted  diphenylamine  is  treated  with  potasdum,  hydroeen  is  evolved,  and  a 
small  portion  of  aniline  is  formed  by  the  redudng  action  of  this  hydrogen  on  the 
diphenylamine — 

N(Cra»)«H  +  H«  -  OH«  +  N(C«H»)H«. 

Potasdum-diphenylamine  must,  however,  be  formed  at  the  same  time,  as  the  product, 
when  treated  with  bromobenzene,  yields  triphen^Iamine.  In  preparing  triphenylamine 
from  diphenylamine,  it  is  advantageous  to  dissolve  the  diphenyliunine  in  aniline 
before  treadng  it  with  potassium ;  the  product  may  be  eadly  freed  from  diphenyl- 
amine bv  crystallisation  from  alcohol. 

Triphenylamine  mdts  at  127® ;  it  is  very  slightly  soluble  in  cold  alcohol,  slightly 
sdhible  in  hot  alcohol,  and  moderately  soluble  in  benzene.  It  separates  from  aloohiM 
in  small  scales,  from  ligrom  in  large  crystals,  and  from  ether  in  shining  pyramids. 
It  does  not  exhibit  basic  properties,  not  combining  even  with  picric  acid.    Aatyl 
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ehtoridl  doe*  act  attack  it  when  added  to  ill  •olution  in  bonzens,     _.  .  . 

irith  it  to  100°.  j'ieldi  a  gTsaoiili  flacculeat  lubstance,  nhich  is  probabl;  a: 

product  Tiipiieii;liLmiiiB  diuolvsa  in  cotd  sulphunc  seiJ.  giving  a  violA  ooloar, 
which  chaaees  la  blue  ;  bnt  if  the  mixture  be  ullawed  la  stand  for  Bome  lime,  or  if 
heat  be  applied,  the  colour  disappean. 

A  aolDCian  of  tripheHylamine  in  acetic  acid  ie  coloured  green  by  Ulo  addition  of 
nitric  acid,  but  if  more  nitrio  acid  is  addsd,  the  llijiiid  becomee  yellow  and  depodt* 
yellow  floiiB.  J 

niamldabeiiBeiie  or  Vtaenrlene-dlamlne,  CH'.(NH')'.  Ocmrremtm  <lf  ^ttfl 
Mita-maiijiailioa  at  a  Byt-pmdacl  of  the  Manufactvre  of  Aniline, — An  aniliae^fl 
imm  'Weiler'g  aiiiliDe  maaufactory  at  Eoln,  nine-tonUu  of  which  dietilled  bvtVMa  | 
210'  and  300°,  was  found  to  consist  in  great  pan  of  phenylone-diamine. 

The  purifi<ralion  of  this  body  rnay  he  effected  by  adding  criiile  hydrochlorie  a^ 
to  the  oil.  and  dissolTing  tha  mese  (^  cijatals  thus  farmed  in  the  siiiallBat  potaibU 
quantity  of  boiling  water ;  this  Holution  is  filterod  hot  to  remore  resmoui  bodiea,  and 
left  to  cryatallise,  then  rDcrystallised  with  enimal  charcoal.     The  ci7>tiiJB,  afUr  wwh-    , 
ing  with  concentrated  hydrochloric  acid,  coDfliet  of  pars  phenylrno-dJaaiiDA  bydM-  J 
dlloride.  I 

The  phenylene-diamiDO  is  donbtleas  formed  from  the  diaitrobeaiene  eoatained  VtM 
the  nitrobenzene  need  for  the  prepaistion  of  tbo  aniline,  and  must  therefore  be  a-  erfl 
roetaphenylone-diamine,  CH'.NH'.H.NH'.H"  (Hofmoun,  Deut.  Chetn.  Ga.  Btr.  xv^M 
813).  " 

Diaatimulttphenyleiu-diamiiie,  C'H'(NH.COCH*)'  ia  formed  by  heating  the  i 
phenylene-diaminejuBt  discribed  with  2^  mole,  glacial  acetic  acid  till  t)ie  maubc«Qmi_ 
■otid  oa  Moling;  by  solution  in  hot  water  and  cooling,  it  is  obtflined  in  erjstiils  'liiellS 
molt  at  191°.  and  are  Blightly  aolnblein  cold  water,  bat  diasolvB  more  readily  id  •-■•■■ 
water  and  in  alcohol  (Barboglia;  Diut.  Chem.  Get.  Brr.  vii.  1337)- 

JfHrodiaato-ta-pheni/lene-diamiBi.  CH'(N0')(NH.0OCH'J',  ■■  formed  when  «l 
■olntjon  of  diaeeta-m-phonyleDe-diamins  id  glacial  acetic  a.id  is  gndually  added  !•  1 
filming  nitric  add.  It  crystitltises  from  alcohol  in  eroupe  of  aliart  slender  niiedlca, 
moderaUly  soluble  in  alcohol,  ether,  and  glacial  acetic  acid,  and  melting  at  SfH".  By 
the  action  of  boiling  caustic  soda  it  is  canrerted  into  a  Ditropheaylene-d  iamine. 
C«Si(l)0>XKH>)*,  eolnble  In  water,  n>or«  aoluble  in  alcohol  and  ether,  melting  al  W. 
and  isomeric  with  the,  nitrophenyleue-diamine  (aa-cnlled  aiopirai/lantittt)  which 
Gottlieb  obtained  by  treating  dinitranilinn  with  ammoninm  sulphide  (iv.  *81 ). 

If  the  action  of  the  canetic  soda  be  further  prolonged  (tn  ten  or  fifteen  houn)  tiu 
nilrophenylene-diamine  is  coDvertsd  into  a  nilramidophenol,  CH'(NO')(HH')OH. 
melting  at  133°- 134°,  and  isomeric  with  that,  which  Lnorent  s.  QerhardC  obtuned  by 
reduction  of  ammonium  dinitrophenata  (iv.  338),*  By  still  further  prolonging  the 
actioD  of  the  causlio  soda,  nitrometadiojybeaicoe,  or  nLtroteaorcin,  (te'{NO*VOH)'. 
appears  to  be  formed,  but  this  nanit  baa  not  been  distinctly  proved.  Aoeording  to 
Wufcner,  indeed,  the  replacement  of  amidcgeo  by  hydraiyl  in  tntro-componnde  tioder 
the  inBnenci!  of  alttalis  is  pnctieable  only  when  amidogoa-groupe  are  present  prrvious 
to  nitration ;  thus  diaitrobenzenofurniabesa  nitranUins  which  will  not  tbus  decompOM, 
whereas  the  nilraniline  from  aeetanilide  readily  exchanges  MH'  lor  OH  (B&rbaglis). 

Paradiamidobeniene,  or  fl-Phen  jlane-diamlne,  C'.NH'.H.H.NH'.H". - 
Biedermann  a.  Ledotu  (Deal,  Ciem.  Gee.  Ber.  rii.  1931]  hare  obtained  this  oompoiuid 
bj  reduction  of  niCraniline  (from  aeetanilide]  with  tin  and  hydrochloric  acid.  Tb* 
free  baM  is  moat  conveniently  isolated  by  diy  dlstillal  ion  of  the  hydrochloride  with 
sodium  carbonate.     It  is  thus  obtained  quite  pure,  and  melting  at  H7°. 

2Hactto-p  piaiylaie-Jiaminf,  CH'(NH,CO.CH')=,  obtained  by  boiling  this  base 
with  glacial  acetic  ncid,  cryBtalllaes  in  Bmall,  hard,  Terv  sharply  defined  quitdmtic 
octohedrons,  which  melt  nt  a  temperature  above  288°.  and  dissolve  but  spuringly  in 
alt  the  ordinary  aolrents  except  glacial  acetic  acid,  whirh  dissolves  them  more  freely. 
Their  solution  in  eKceas  of  glacial  acetic  acid,  treated  with  fuming  nitric  acid,  jiekEs. 
as  chief  product.  dinitTBdiacelo-p-pheHyleiie-diamine,  a,  body  melting  at  2A8°,  aparingly 
soluble  in  alcohol  and  acetic  acid. 

DiHUrB-p.pheai/Umfiiiami«e,  CH'(N0=J»(NH7,  la  obuined  by  heating  the  last- 
mentioned  componnd  with  alcoholic  ammonia  iu  sealed  tubes  to  150°.  It  crystallites 
'  I  fine  red  needles  melting  ut  264°,  soluble  in  hot  water  and  in  alcohol,  slightly 
duble  in  ether.     The  salts  coutnin  nuly  1  mol,  of  acid  to  1  moL  of  the  altro-baM, 


Liben^TW  f  or  the  nltnNualdopheDjI  f  DltmphaavDie  acdd>  Had  tfaeeq 
^loD,  ut  aroneoM ;  the  tqnstlon  alioold  ba  ;— 

r'H'(N0')'O  +  all's  =  CH'(KO'1<SH"10  +  »H^)  ♦  SS. 


iJ 
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A  diehlorophenjlene-diamine,  either  C.NH'.Cl.NH*.01.H*,  or 
C.NH'.H.Cl.NH'.ClJS,  crjitallisiDg  from  alcohol  in  long  flexible  needles  haTing  a 
satiny  lustre  and  melting  at  60*6°,  is  obtained  by  the  action  of  tin  and  hydrochloric 
add  on  the  dichloronitnnilin,  which  melts  at  100°  (p.  203).  (0.  N.  TTltt,  Deut. 
Ckem.  Gw,  Ber,  Til  1604). 

On  boiling  it  with  soda-ley,  in  which  it  is  likewise  soluble,  ammonia  is  given  off, 
the  liquid  assumes  a  dark  red  colour,  and  a  yellow  indistinctly  crystalline  body  is 
fanned,  which  dissolves  very  easily  in  water  and  in  alcohol,  and  appears,  fh>m  the  analysis 
of  its  baiinm  and  silver  salts,  to  be  a  dinitrodioxybenzene.  Its  formation  is 
in  accozdanoe  with  Wagner^s  view  above-mentioned. 

Mammitraeeto-p^htnylene-diamine,  G>H>(NO>X^H.CO.CH*)',  obtained  by  the  ac- 
tion of  fuming  nitnc  acid  on  a  well-cooled  solutiou  of  diacetophenylene-diamine  in  a 
large  quantity  of  glacial  acetic  acid,  ciystallises  in  golden  yellow  needles  having  a 
nlky  lustre,  and  melting  at  184^. 

Mamonitro-^^kenyUne-diaminet  OH'(K0')(NH')*,  obtained  by  gently  heating  this 
last  compound  with  soda-le^,  crystallises  in  dark  red  needles,  melts  at  196°,  dissolves 
in  water  and  in  alcohol,  is  insoluble  in  alkalis  at  ordinary  temperatures,  but  gives  off 
ammonia  when  boiled  with  them ;  forms  mono-acid  salts.  It  is  identical  with  the 
nitropheoylene-diamine  which  Gottlieb  obtained  by  the  action  of  ammonium  sulphide 
on  dinitraniline  (iv.  482). 

NiTBOBBOMOPHBNTLBXB-DiAMiNBs,  OH*(N0^Br(NH*)' (Eomer,  Goi^zetta, 
IT.  414,  428).---(l).  Parankrobromometapheni/Une'diamine,  C'.NH'.NO^NH'.H.Br.H. 
^1  :  2  :  3  :  5),  is  produced  by  heating  mtro-  (I,  3,  6)  tribromobenzene  to  170°-180<' 
in  sealed  tubes  for  several  days  with  alcoholic  ammonia.  The  resulting  red-brown 
solution,  as  soon  as  it  ceases  to  deposit  crystals  on  cooling,  is  taken  out  of  the  tubes 
and  evaporated ;  the  residue,  after  washing  with  water,  to  remove  ammonium  bromide, 
is  crystallised  from  a  large  quantity  of  boiling  alcohol.  The  base  is  thus  obtained  in 
splendid  orange-red  needles  which  acquire  a  golden  lustre  on  drying.  For  perfect 
purification,  however,  it  must  be  once  reczystallised  from  water,  the  crystals  being 
collected  while  the  solution  is  still  tepid ;  otherwise  they  will  be  accompanied  by  a 
small  quantity  of  a  lighter-coloured  compound  containing  water  of  CTystallisation. 
The  baae  does  not  melt  at  150^,  but  begins  to  soften  at  163^,  and  then  sublimes 
partially  in  ruby-red  needles,  the  greater  part,  however,  turning  brown  and  decompos- 
ing. Heated  with  a  large  excess  of  ethyl-nitrite,  it  is  converted  into  para-nitrobromo- 
bensene.  This  reaction  and  the  formation  of  the  base  from  nitrotribromobenzene 
(K0^  1:3:6),  establish  its  constitution  : — 


Br 


NH« 


/\K0» 


Br 


/^\no« 


\y 


iBr 


^y 


nsnp 


/\N0« 


i^ 


(2).  Paranitrobromoparaphenylene-diamine,  C*.NH'.Br.H.NH'.NO*.H, 
(1  :  2  :  4  :  5),  is  formed  by  heating  the  corresponding  nitrotribromobenzene  (m.  p. 
98*6**)  to  100^-120^,  in  sealed  tubes  for  about  twelve  hours,  with  excess  of  alcoholic 
ammonia.  An  orange-coloured  solution  is  thus  formed,  containing  splendid  needles 
and  prisms,  which  may  be  freed  from  ammonium  bromide  by  washing  with  moderately 
strong  alcohol.  By  reciystallisation  firom  boiling  alcohol,  in  which  it  is  slightly 
aolnble,  the  base  may  be  obtained  in  pyramidal  needles  resembling  slowly  crystallised 
potassium  picrate,  and,  like  the  latter,  exhibiting  trichrtVLsm.  By  heating  with  alcohol 
m  sealed  tubes  to  160®,  and  slow  cooling,  it  is  obtained  in  larger  prisms  having  a  fine 
orange  colour.  It  melts  at  166®,  and  is  not  altered  by  heating  with  aqueous  potash. 
Gently  heated  with  a  solution  of  nitrous  acid  in  absolute  alcohol,  it  dissolves  slowly, 
with  evolution  of  nitrogen  and  aldehyde,  and  the  solution  on  cooling  yields  paranitro- 
faromobenzene  in  needle 'shaped  crystals,  melting  after  purification  at  126*6® : — 

Br  NH« 

/xBr  /     NBr  /XBr 


NO 


Br 


NO^ 


NO' 


\y 


Violet  Dye  obtained  hy  the  Action  of  Sulphur  on  Paraphenylene-diamine. — When 
this  base  is  heated  to  160®~180®  with  its  own  weight  of  sulphur,  a  large  quantity  of 
hydrogen  sulphide  is  evolved  ;  and  on  dissolving  the  residue  in  hot  water,  filtering, 
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and  treating  the  filtrate  with  oxidising  agents,  splendid  yiolet  and  bins  eoloni  w 
obtained.  The  sulphumtion  and  oxidation  may  perhaps  be  most  adTuitageoHl| 
effected  in  one  proc^'ss.  For  this  purpose  the  hydrochloric  acid  solution  of  ^hs  phtsj* 
lene-diamine  is  saturated  with  hydrogen  sulphide,  and  mixed  with  ferric  chloridi.  Tk 
sulphur  thereby  set  free  combines  in  the  nascent  state  with  the  base,  and  on  gmdMDt 
adding  the  oxidising  agents  the  colouring  matter  will  develop  itself  and  be  pneipitatsd. 
After  filtration,  the  impurities  are  removed  by  washing  with  water,  and  diwolTiig 
the  residue  in  hot  water ;  if  the  liquid  is  then  left  to  moI,  a  pure  and  magnifiesMlj 
crystallised  product  is  obtained.  For  20  grams  of  the  phenylene-diamine  hjundiloridi 
the  following  quantities  of  material  are  used : — 

Sulphuretted  hydrogen  water 4000  ce. 

Hydrochloric  acid ,        .  20  gmma. 

Ferric  chloride  (1  in  10  solution)       ....  600  ce. 

This  violet  colour  surpasses  in  brilliancy  the  violets  de  ParU.  In  its  dzy  ilits 
it  has  a  dark  greenish-brown  colour,  and  readily  crystallises  in  long  til^  flbm.  It 
is  verr  soluble  in  pure  water,  but  the  smallest  quantity  of  foreign  matter  modite  iti 
solubility.  If  soda  be  added  to  the  violet  solution,  a  brown  precipitate  is  obCaiasd, 
which  forms  the  base  of  the  new  colour.  Adds  precipitate  the  solntion,  bit 
an  excess  of  acid  redissolves  the  precipitate.  Acetic  acid  forms  a  violet,  miasnl 
acids  a  pure  blae  solution.  Metallic  salts  give  a  violet  precipitate,  which  redissolTcs 
when  the  salt  has  been  eliminated  by  washing.  Zinc  chloride  gives  a  very  bolkj 
violet  precipitate ;  sodium  chloride  separates  the  violet  from  its  solution,  bnt  trsis- 
forms  It  partly  into  a  new  violet  substance,  insoluble  in  water.  If  this  preeipitaliQa 
be  repeated  several  times,  a  complete  transformation  ensues,  the  soluble  coloaring 
matter  disappearing  entirely.  Tannin  forms,  with  the  violet,  a  compound  instdnble 
in  water.  Kedueing  agents  decolorise  it,  but  mere  agitation  in  contact  with  air  wiO 
reproduce  the  primitive  colour.    Oxidising  agents  destroy  the  colour  very  rapidly. 

The  violet  dye  is  capable  of  giving  by  substitution  other  colouring  derivatives ;  if 
heated  with  aniline,  it  gives  a  blue  insoluble  in  water  and  soluble  in  alcohol  if  sub- 
mitted to  the  action  of  aldehyde,  methyl  iodide,  &c  ;  under  ordinary  conditions,  it  is 
transformed  into  a  pure  bluish-green.  The  part  played  by  the  sulphur  in  its  foma- 
tion  has  not  yet  been  made  out  (C.  H.  Lauth,  Campt,  rend,  Ixxxii.  1441). 


Asobensene,  0*H*— N=N— CH*. — ^According  to  Anschuts  a.  SchultifUML 
Chem.  Get.  Ber,  ix.  1808),  this  compound  is  the  chief  product  formed  by  the  actios  of 
sodium  on  parabromaniline.  The  statement  of  Glaser  {Zeit9ekr,f,  Ckim,  1866^  810) 
that  benzidine  is  formed  by  this  reaction  appears  to  be  incorrect. 

By  the  action  of  antimony  trichloride,  uzobenzene  is  converted  into  a  black  amcr* 
phous  substance  having  a  conchoidal  fracture  and  metallic  lustre,  soluble  with  daik 
red  colour  in  water,  and  more  easily  in  alcohol :  it  probably  contains  a  compound 
analogous  to  rosaniline  or  violanilino  (Bogdanoff,  Ber,  ix.  1598). 

Nitromethyl-aeoheneene,  C*H*.N'.CH\NO'),  is  formed  by  mixing  the  aqnaoas 
solntion  of  sodium-nitromethane  with  the  equivalent  quantity  of  diasobensena  nitrata. 
It  crystallises  from  alcohol  in  slender  cherry-red  needles,  from  carbon  sulphide  ia 
prisms ;  melts  with  decomp<M(ition  at  168®,  and  detonates  at  a  higher  temperatnn. 
It  dissolves  in  strong  sulphuric  add  with  a  deep  blue- violet  colour.  Fuminff  hydro- 
chloric acid  at  the  boiling  heat  converts  it  into  a  white  substance  (Friese  Ber  viii.  f078). 

mtroethyl-aeoheneene^  C'H*.N'.CH*NO',  is  prepared  by  mixing  thesolntioiM 
of  diazobenzene  sulphate  and  sodium-nitrocthane,  or  more  advantageously  by  trsatiag 
a  very  dilute  solution  of  aniline  nitrate  with  potassium  nitrite,  and  adding  the  mizal 
solution  to  an  alkaline  solution  of  nitroethnne.  It  formn  orange-coloured  reetangnlir 
crystals,  meltins  with  decomposition  at  136^-137®,  easily  soluble  in  alcohol  and  eth«r, 
insoluble  in  cold  water,  dissomng  with  blood-red  colour  in  alkalis,  and  predpitatad 
therefrom  by  adds.  Strong  sulphuric  acid  dissolves  it  with  violet-red  colour,  aoon 
becoming  dingy.  Its  ammoniacal  solution  is  precipitated  by  metallic  salts,  and  tha 
compound  itself  is  reduced  to  a  colourless  body  by  tin  and  hydrochloric  acid.  It  ^jm 
silk  a  pure  and  deep  yellow,  and  forms  salts  containing  2  atoms  of  univalent  meld 
(V.  Meyer  a.  O.  Ambiihl,  Deut,  Chem,  Grs.  Ber.  viii.  751,  1078). 

When  a  solution  of  nitroethyl-azobonzene  in  a  slight  excess  of  ammonia  is  left  to 
evaporate,  it  solidifies  after  a  short  time  to  a  pulp  of  orange-coloured  shining  ^tTnint 
consisting,  not  of  an  ammonium-salt,  but  of  the  free  azo-compound,  which  appi 
therefore,  to  bo  incapable  of  fixing  ammonia  in  the  solid  state.  The  same  is  the 
with  the  other  mixed  aso- compounds  (Barbieri,  Deitt.  Chem,  Ges.  Ber.  ix.  389). 
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Nitroethyl-metasonitrobensene,  CH^NO^N'.CH^O'r  is  predpitated  on 
adding  potassinm-nitroethane  to  a  aolutioQ  of  diasobenzene  nitrate,  and  forms,  after 
pirification,  a  yellow  powder  easily  soluble  in  hot  alcohol,  and  dissolving  with  red 
eolour  in  alkalis.  Its  sodium  salt  is  sparingly  soluble  in  water,  and  is  thrown  down 
from  the  red  solution  of  the  potassium  salt  by  soda-ley  in  the  form  of  an  orange- 
edoured  precipitate.  Its  solution  gives  coloured  precipitates  with  metallic  salts, 
dark-ied  brown  with  silver  nitrate,  yellow  with  lead  acetate,  greenish-yellow  with 
euprie  sulphate.  The  azo-compound,  treated  with  tin  and  hydr^loric  add,  yields  a 
base,  the  stannoehloride  of  which  has  the  composition  CU**NK3*.8nCl^  The  free 
base  and  its  hydrochloride  are  veiy  unstable  (F.  Hallmann,  Deui.  Chtm.  Ges.  Bit.  is. 
S89). 

Nitroeihyl'parasohromohenzenet  CH^Br.N'.CH^NO'.— The  potassinm 
mlt  of  this  compound  separates  as  a  bulky  brown'>red  cr^ntalline  precipiute,  on 
adding  potassium  nitroethane  to  a  solution  (even  very  dilute)  of  the  diazo-8alr 
produced  by  the  action  of  potassium  nitrite  on  parabroroaniline  dis«oired  in  2  mnls. 
nitric  acid ;  and  on  adding  dilute  sulphuric  acid  to  the  solution  of  this  salt,  the  azn- 
eompound  separates  as  a  yellow  predpitate,  which  may  be  purified  by  WHshine  with 
water  and  crystallisation  from  hot  dilute  alcohol.  It  forms  small,  shiDing,  l>nck-red 
erystals,  soluble  in  ether,  glacial  acetic  acid,  chloroform,  &c  ;  melts,  with  decomposi- 
tion, at  136^-138^,  when  quickly  heated ;  by  prolonged  heating  it  is  decomposed  even 
below  100^.  Strong  sulphuric  add  dissolves  it  with  deep  violet,  but  transient  colour. 
The  solution  of  the  potassium  salt  gives  with  silver  nitrate  a  deep  orange  coloured 
predpitate,  which  soon  turns  black,  with  lead  acetate  a  light  yellow,  and  with  cupric 
sulphate  a  greenish-yellow  precipitate  (H.  Wald,  Deut,  C^m,  Gts.  Ber,  is.  393). 

The  last  two  compounds  may  be  represented  by  the  following  structural  formula : 
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NitrQ,ethyl'  asomeikylbensene,     or     Nitroethyl  -  asotoluene, 
0*H*(CH').N'.(^*NO'. — ^This  compound  is  known  in  two  moQJ&c&twna,  para  and 

HaN— C«H*NO«  N=N— CrH*NO» 
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The  pars-compound  is  predpitated  as  a  potasnum  salt  on  adding  potassium-uitro- 
cthane  to  the  aqueous  solution  of  the  diazo-salt  prepared  by  the  action  of  nitrous  acid 
on  a  salt  of  paratoluidine,  and  may  be  isolated  and  purified  (by  crystallisation  from 
hot  alcohol)  in  the  same  manner  as  nitroethyl-asobenzene.  It  forms  splendid  orange- 
red  prisms,  having  a  characteristic  steel  lustro,  and  exhibits  a  dose  resemblance  to 
tr  e  isomeric  compound,  nitropropyl-azobenzene  (p.  214),  and  to  nitroetbyl-azobenzene ; 
melts,  with  evolution  of  gas,  at  133^.  When  suspended  in  strong  sulphuric  acid,  it 
dissolves  to  a  splendid  fuchsine-red  liquid,  the  colour  of  which,  like  that  of  the  cor- 
responding benzene-compound,  quickly  becomes  dingy.  It  resembles  the  bonzeDe- 
eompound  in  being  somewhat  unstable ;  a  well-crystallised  preparation  which  bad 
remained  unalter^  for  several  months,  suddenly  decomposed  and  was  converted  into 
a  dark-cnloured  resinous  mass.  It  dissolves  in  alkalis  with  deep  red  colour,  forming 
salts  very  much  like  those  of  the  preceding  compounds.  The  aqueous  solution  of  the 
sodium  salt  gives  a  ydlow  precipitate  with  mercurous  nitrate ;  dark  yeUow  with 
mercuric  chloride ;  red-brown,  quickly  blackening,  with  silver  nitrate;  yellowish-red 
with  lead  acetate ;  yellow  with  cupric  sulphate  and  with  zinc  chloride. 

VitrethyUago  orthotoluene  is  propared  in  like  manner  from  orthotoluidine.  It 
differs  from  all  the  preceding  compounds  in  its  great  tendency  to  become  resinous 
vben  separated  from  the  not  qmte  pure  solution  of  the  potassium  salt.  Beforo 
adding  the  potassium-nitroethane,  it  is  necessary  to  free  the  solution  of  the  diRzc>- 
•altt  by  fil'mtion.  from  a  gummy  substance  which  separates  from  it.  The  nfvtral 
Mtdium  salt,  C*H'*N*0'Na^  is  precipitated  by  soda-ley,  even  from  very  dilute  solutions 
of  the  potassium  salty  in  bpangiea  having  a  brilliant  golden  lustre. 
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The  asonitro-eompound  is  separated  by  dilute  sulphuric  acid  item  the  solntictt 
of  its  salts  as  a  yellow  precipitate  which,  when  reciTStallised  from  alcohol,  fanas 
broad  orange-coloured  needles  meltinff  at  87^-88^.  It  dissoWes' in  strong  snlptone 
acid,  with  a  fine  red  colour  which  dilappears  after  a  short  time.  The  preetpiti^ 
which  it  forms  with  metallic  salts  resemble  those  of  the  para-compound,  esoeptiag 
that  the  zwl  flocks  of  the  silver  salt  haye  a  finer  and  more  fieiy  tint.  Both  thtie 
toluene-compounds  dye  silk  like  the  benzene-compound  (Barbieri,  Ihut,  C^sm,  Ott, 
Ber,  ix.  386). 

Nitropropyl-asobensene,  0»fl"N»0«  -  (>H».N«.(?H«NO»  - 
N— 0«H» 

. — This  compound,  formed  by  the  action  of  primaxy  nitio- 
— CH(NO»)— CH^CH' 
propaneon  diazobenzene  nitrate,  crystallises  in  dark  orange-coloured  needles,  meltizig 
at  98^-99^,  easily  soluble  in  hot  sJcohol,  dissolving  witib  dee^  red  colour  in  alkalis. 
Like  the  homologous  ethane-  and  metluine-compounds,  which  it  otherwise  leifrmMns, 
it  is  an  acid  body>  and  is  Uiereby  distinguished  firam  the  isomeric  isopropyl-eomponnd, 
which  is  neutral  (V.  Meyer,  Deut,  Chem,  Ges.  Ber.  ix.  384). 

N— 0»H» 

Nitroiaopropyl-azobensene,  0"H»JN« Cra«NO«  «  11  ,  is  ob- 

N— C(NO«)(CH»)« 
tained  by  adding  a  solution  of  diazobenzene  nitrate  to  a  recently  prepared  solution  of 
nitroisopropane  in  an  equivalent  quantity  of  potash-ley,  and  separates,  under  the 
same  circumstances  as  the  ethyl-compouod,  in  the  form  of  a  yellow  oil,  which,  howevar, 
does  not  solidify.  It  is  transparent,  has  a  golden-yellow  colour,  sinks  in  water,  is  not 
volatile  either  alone  or  with  vapour  of  water,  and  is  distinguished  from  all  the  pre- 
ceding compounds  by  being  quite  insoluble  in  alkalis  (Meyer  a.  Ambuhl,  ibid,  viii 
1076). 

Derivatwes  of  Amidaeobeneene, 

Amldasobensene,  or  Amidodipbenyltmide,  C>>H"(NEP)N*  » 
C*B[» — ^imN — C^H^NH*),  is  produced  by  a  molecular  transformation  of  the  isomeric 
compound  diazoamidobenzene,  O'H* — ^N=:N — NH(CH'),  which  takes  place  when  the 
latter  is  left  in  contact  with  alcohol  and  aniline,  or  a  salt  of  aniline,  especially  the 
hydrochloride.  Now  diazoamidobenzene  is  formed  by  the  action  of  aniline  on  a 
solution  of  diazobenzene  nitrate,  and  a  small  quantity  of  aniline  or  one  of  its  wtXtB  is 
sufficient  to  efiect  its  conversion  into  amide^benzene :  hence  this  transformation 
takes  place  to  a  certain  extent  in  the  preparation  and  in  all  the  decompositions  of 
diazoamidobenzene,  since  in  these  reactions  aniline  is  always  set  free  {\st9uppl,  271). 

In  like  manner,  by  treating  diazobenzene  nitrate  with  secondary  and  tertiaiT 
amines,  as  dimethylamine,  dieSiylamine,  dimetibylaniline,  diethylamidobenzoic  acid, 

N  \  QFEl^  ,  &c,  substituted  amidazobenzenes  are  produced  containing  N(Uil*y*, 

iq»H*.CO«H 
&c,  in  place  of  NH',  and — when  substituted  amidobenzoic  acids  are  employed — ^like- 
wise CO'H  in  place  of  an  atom  of  hydrogen  (Griess,  Dewt.  Chem,  Gee,  Ber.  x.  625). 

Agobenzene  -  diethamidooarboxyl  -  benzene,  CH'^NH)*  « 
N— C«H» 

U nsQsv^OOH    . — This  compound  is  formed  in  almost  theoretical  qoantity  by 

mixing  a  concentrated  aqueous  solution  of  1  mol.  diazobenzene  nitrate  with  a  oold 
saturated  solution  of  2  mols.  metadiethylamidobenzoic  acid : — 

N— C*H* 

The  mixture  immediately  turns  red,  and  a  large  portion  of  the  azobenzene-oomponnd 
separates  at  once  in  fine  crystals,  while  the  remainder  may  be  obtained  firom  the 
mother-liquor  by  spontaneous  evaporation. 

The  compound  is  moderately  soluble  in  boiling  alcohol,  and  dystaUises  therofipom 
in  ruby-coloured  rhombic  or  six-sided  laminae,  with  violet  eni&uce  shimmer.  It  is  but 
■lightly  soluble  in  alcohol  and  ether,  and  quite  insoluble  in  water,  even  at  the  boiling 
*^~iti  When  gently  heated  in  a  test-tube  it  melts  to  a  yellow-red  oil  which  deoom- 
IM  with  detonation  at  a  higher  temperature.  In  capillary  tubes  it  melts  at  136^. 
"With  basea^  azobenzene-diethamidocarboxyl-benzene  behaves  like  a  monobasic 
1  It§  barmm  salt,  (G^^H^'N'OTBa,  (at  llO^'V  se^^rates  in  short  reddish  yeUow 
fl^  OD  mixing  a  mocLpTately  ^luta  ammoaia^\  aoVaWoxi  Oii  >i2ci&  vsul  Vv^xmdb 
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dikxridA.    The  dher  salt,  C"H'*N*0'Ag,  is  a  deep  blood-red,  scarcely  cryBtalline  pre- 
cipitate. 

Aaobensene-diethamidocarbozyl-beiuEeDe  does  not  appear  to  unite  with  acids.  It  is 
diaeolTed  with  deep  blood-red  colour  even  by  dilute  mineral  acids,  at  least  with  the 
mid  of  heat,  but  separates  again  from  these  solutions  on  addition  of  water.  It  de- 
compoees  when  its  hydrochloric  acid  solution  is  heated  for  some  time  on  the  water- 
bath.  By  reducing  agents,  as  tin  and  hydrochloric  acid  or  ammonium  sulphide,  it  is 
decomposed,  with  assumption  of  hydrogen,  yielding  aniline  andamido-diethamido- 
bensoic  acid: 


J^^^N((?HV  +  H^  -  C-H^  +  0'H.(NH«)<g^^*)'- 


N— era* 


oompound,  produced  by  the  action  of  metadimethylamidobenzoie  acid  on  diazobenzene 
nitrate,  is  also  a  monobasic  add,  and  crystallises  in  dark  blood-red  needles. 

N— 0-H«.COOH 
Aeoearhoxyl-bensene'dimethylamidohensBney  11  . — ^This 

N— CH*— N(CH»)» 
acid,  isomeric  with  the  preceding,  is  formed  by  the  action  of  metadiasobenzoic  acid  on 
dimethylaniline.    It  crystallises  from  alcohol  in  yellowish-red  nodules. 

N-C«H» 
AgohenMene'dimethamidoheneene,  11  ,   is  a  base  formed 

£rom  diazobenzene  and  dimethylaniline.  It  crystallises  in  delicate  yellow  lamins 
melting  at  116®,  and  yolatilising  in  small  quantities  without  decomposition.  The 
hydrochloride  forms  purple-red  capillary  needles. 

N— 0«H*— SO»H 
AzoaulphoxybenzenB-dimethamidohenzene,  \\  ,   formed 

iJ— OH*— N(CH»)» 
from  dimethylaniline  and  paradiazophenyl-sulpbonic  acid  (from  sulphanilic  acid),  is  a 
moderately  strong  add,  and  is  separated  by  hydrochloric  acid  from  its  boiling  alkaline 
■olution  in  microscopic  needles,  which,  however,  soon  change  to  small  laminsB  having 
a  strong  violet  lostre. 

Meiazoearboxylhenzene  -  metadimethamidooarboxylhenzene, 
N— CH*— COOH 
1 1  KJ^PTTt^s• — '^^  '^^^f  produced  by  the  action  of  metadiazobenzoic  acid  on 

metadimethylamidobenzoic  add,  forms  a  brown-red  precipitate  gradually  becoming 
crystalline. 

All  the  amidazobenzene-deriyatiTes  above  described   are   powerM    dye-stufb 
(Griees). 

a  solution  of  azobenzene  in  acetic  add  is  heated  with  chromic  anhydride  to  160^-250® 
in  sealed  tubes.  Repeated  treatment  with  boiling  nitric  acid  (density  1  *64),  converts 
it  into  trmitroazoxyoenzenet  which  crystallises  in  long  needles,  whilst  the  addition  of 
water  to  the  mother-liquors  causes  the  separation  of  a  resinous  mass,  which  crystallises 
from  alcohol  in  long  yellow  needles,  melting  at  86®,  and  having  the  composition  of 
dinitrobenzene.  Dioxytrinitrtuobenzene  or  Oxyirinitrazoxybenzene,  0*'H'(NO'^*N'0', 
is  obtained  by  heatins  a  solution  of  trinitrasoxybenzene  in  concentrated  nitnc  acid 
with  chromic  anhydride  for  twelve  hours  to  180^-200®  in  dosed  tubes ;  the  product 
is  precipitated  by  water,  washed  with  ether  and  alcohol,  and  finally  crystallised  from 
nitric  acid,  benzene,  or  chloroform.  It  forms  slender  needles  which  melt  at  102®. 
By  the  farther  action  of  the  oxidising  mixture,  irioxytrinitrazobenzene  or  dioxytrinitr- 
OMoxybenzene^  C'^'(NO')'NK)',  is  pjroduced ;  it  is  a  yellow  crystalline  mass  which 
melts  at  62®,  ezplodee  when  heated,  and  dissolves  easily  in  chloroform  or  ether 
(Fetriefl^  J)eut,  Chem,  Oez.  Ber,  vi.  667). 

Oxyazobenzene,  OH»— N=N— 00*H» (2n<i 5mjm)Z.  l6l).~This compound,  iso- 
meric with  azozy benzene,  crystallises  in  brick-ied  rhombic  prisms,  which  melt  at  160®, 
and  dissoWes  in  toluene  ana  in  dilute  alcohol,  sparingly  in  boiling  water.  The  addi- 
tion of  silver  nitrate  to  its  ammoniacal  solution  produces  a flocculent  precipitate  jrhich 
becomes  crystalline  on  standing.  The  action  of  nitric  acid  converts  monoxyai 
benzene  into  picric  acid.    Benzoxyazob$nzen€,  C"H*N*0(C'H*0),  crystallises  in  pi* 
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or  tetrahedrons  which  melt  at  136^,  and  are  eaaily  aoTable  in  toliiSBe. 
and  sparingly  in  alcohoL     Ox^agobensenetuiphtmic  add,  G'*H'N*0(HS< 
by  the  action  of  fuming  sulphuric  acid  on  oxyasobennne,  eijitallisM  in 


(Tschirnnsky,  ibid.  660). 

Diehlorazoxybentene,  n«H4Gl-~N^^  (called  in  the  original  paper  DidUor- 

oxyasobentol),  is  formed  by  heating  metachloronitrobenzene  with  aleoholie  poCuih, 
and  crystallises  from  alcohol  in  brilliant,  pale  yellow,  long,  flat  needles,  which  melt  at 
97^»  sublime  at  180^,  and  explode  when  more  strongly  heated.  It  is  insoluble  in 
water,  but  soluble  in  ether,  hot  crystallisable  acetic  acid,  alcohol,  carbon  salphid% 
and  benzene  (Laubenheimer  a.  Windier,  IhtU.  Chem,  Ges,  Ber,  yilL  1628). 

0>HKI1— NH 
Diehlorhydrazobenzene,  I     ,  is  formed  by  boiling  dichloraanib 

C«H*a— NH 
benzene  with  ammonium  sulphide,  and  separates  from  alcohol  in  small,  brOliaal, 
colourless  crystals,  which  melt  at  94^,  dissolve  easily  in  alcohol  and  ether,  and  with 
yellow  colour  in  strong  sulphuric  acid.    On  heating  its  alcoholic  solntion  with  fsxrie 

OHKJl— N 
chloride,  it  is  converted  into  dichlorazobenzene,  11,  which  czystaUini 

C«HKa— N 
from  alcohol  in  long  orange-coloured  needles  melting  at  101^,  and  disw^lviog  in  stRMf 
sulphuric  acid  with  deep  yellow  colour. 

Dichlorhydrazobenzene,  warmed  with  hydrochloric  acid,  forms  diehlorodiamido- 
C»H«C1— NH« 
dipheny  1,  I  ,  which  crystallises  from  alcohol  in  small  flat  prisms  meltiBg 

C«H«C1— Nff 
at  163^  and  forms  a  platinochloride,  C"H*G1*(NH*)*  2HG1  +  PtCl«,  vaiy  sparii^ 
soluble  in  water  and  decomposing  when  heated  therewith  (LaubenheinMr). 

Diarobenrene   Compounds. 

JMasobcnaeae-dlmetlftyUunide,    C^^— N=N— N(CH*)*,  in   obtained    Ij 

mixing  the  aqueous  solutions  of  diazobenzene  nitrate  and  dimethylamine : 

N— C«H»  N— C«H» 

II  +  NH(CH»)«  -  NO^  +   II 

N— NO*  N— N(CH»)«. 

It  is  a  yellowish  oil  which  may  be  distilled  in  small  quantities  without  deoomposifeioii, 
but  explodes,  with  liberation  of  dimethylamine,  when  heated  in  larger  quantities.  It 
volatilises  with  vapour  of  water,  is  insoluble  in  water  and  in  alkalis,  but  disaolvM 
easily  in  ether,  alcohol,  and  acids.  Its  alcoholic  solution,  mixed  with  aniline  kydf^ 
ehloridet  gradually  decomposes,  with  formation  of  dimethylamine  and  amidaBobenzoia. 
[The  fint  product  of  this  reaction  is  doubtless  diazo-amidobenzene : 

C«H».N«.N(CH»)«  +  C»H».NH«  -  NH(CH»)>  +  OH».N«.NH(0"H»), 

which  is  afterwards  converted,  by  molecular  transposition,  into  the  isomeric  compound 
amidazobenzene,  OH^N^CHXNH').]  The  aqueous  solutions  of  most  of  iu  salts 
decompose  after  a  short  time,  with  production  of  phenol,  dimethylamine,  and  nitiogea. 
The  pieraU,  C«H».N».NrCH«)«.C«H»(NO»)*( ),  forms  yeUow  needles  sUghUy  soluble  io 
ether  (Baeyer  a.  Jager,  J)eut,  Chem,  Ge$.  Ber,  viii.  893). 

BianobensMie-etliylAiiiide,  C*H*— N=zN— NH(G3H«),  probabl;f  identical 
with  Griess's  ethyldiaxobenzenimide,  is  prepared  in  like  manner  by  the  action  of  diazo- 
benzene nitrate  on  ethylamine,  and  reacts  in  like  manner  with  aniline  hydrochloride 
in  alcoholic  solution,  yieldinff  amidazobenzene  and  ethylamine  (Baeyer  a.  Jiiger). 

The  formulsB  assigned  to  the  two  diazo-amidobenzenc-compounds  above^leseribed  art 
in  accordance  with  Kekuli's  formula  of  diazo-amidobenzene,  O'H* — N=N — NH(C'H*) 
{\»t  Suppl,  208).  Oriess,  however,  objects  to  this  formula,  on  the  ground  that  it 
represents  the  following  compounds : — 

C«H»— N=N--NH(0«H*Br)  and  C«H*Br-N=N—NH(C«H») 
DlAiobenmie-AmidobromobenicnA  DiAsobromot^nscne- 

amldobentcne 

formed  respectively  by  the  action  of  diazobenzene  nitnite  on  bromaniline.  andof  dian- 
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n  niUnto  on  uiiliDe,M  iumeric,  vh«r«a>  hii  o 

Cbm.  Go.  Ber.  vii.  IBIS)  Iuitb  ahown  them  to  be  idsDtioaL 

To  remore  this  difficnltj,  Grisu  {ibid.  x.  B2S)  propcxea  to  Tepieaent  diuoamido- 
braxsna  bj  the  formnla : 


{?H'=N=K=N=(?H' 


O^VjzzI 


[zzNH=N< 


in  vbich  the  mtiDgsn  is  qmaqui  Talent.    Aocordiog  hitluB  Tiev,  both  the  ^•tobrano- 
btowDe-eompOQiida  jiut  mentioned  will  'be  reprscented  bj  the  tbrmnla : 

■nd  therefora  M  identktL 

In  like  mumer,  the  coaponndB  formed  by  the  action 
ethjlamine  atid  dinuthjlanuna  naj  be  n^ceeented  a*  foUowa:- 


''^NzzNHzzN*^ 


t>lui>beiinn»4lli)1- 


Vf=NH=Jf< 


■CH' 


The  eomponnda  formed  b^  the  adjoo  of  diacob«DEene  nitrate  on  tertiarjr  amtnea 
(pp.  214,  216)  cannot  be  formulated  in  thia  manner:  thej  am,  in  Uct,  not  duio-  bat 
■ao- eomponnda.  

The  following  table  exlubita  a  compafatire  Tiew  of  tha  conttitntion  and  phjeieal 

Cpertiea  of  the  hal<nd,  nitny,  tnd  imido-deriTatiTeB  of  benaene  (di-,  tii-,  and  latia-) 
mbed  io  the  preceding  pagM.* 


SubiUtutioH.dtrieaUvis  0/ 

Btiitiin. 

ibhrcrlmtediymtolot 

|».™.,..™™.^.J 
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1 

Otflw 

u»t. 
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Br.Br. 
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Br 

Br 

~ 

~ 

~ 

~ 
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Sr 

- 

Br 

- 

- 

- 

M.p.  89°;  b.p.  218° 

Br 

Br 

CLCl 
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CI 

Cl 

- 

- 

- 

- 

Liquid  above -1 8"  ;b,p  172°; 
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CI 

~ 

a 

~ 

-^ 

-^ 

~ 

b.  p.  173° 
Uminm;  m.  p.  40'4°;  b.p.  ZSi-J" 

a 

~ 

~ 

Cl 

— 

— 

I.L 

I 

Lamiia. ;  m.  p.  127° ;  b.  p.  277° 

I 

CLBr 

M-p.  67'*°:  b.  p.  196-3= 

Cl 

Br 

I.Br 

Liquid  ;  b.  p.  267'4° 

Br 

,.          ,.      262" 

Br 

5Lp.0I-e°;  b.p.2ol-5»-261(l° 

Br 

LCI 

Liquid:  b.  p.  229°-230° 

CI 

M.  p.  66-57°  ;  b.  p.  226''-227'' 

01 

CN.CN. 

CmtBlB;  m.  p.  156''-160° 
Pnnne;  m.  p.  222° 

CN 

CN 

CN 

CN 

N0'.NO' 

Needim:  m.  p.  118° 

NO' 

KO^ 

Rhombic  prianu  ;  m.  p.  SB'S" 

NO' 

K0= 

- 

MoDOclinio      prismB ;       m.     p. 
170°-172° 

NO* 

— 

NO^ 

- 

~ 

MO".Br. 

M.  p.  *l-6°;  b.  p.  261° 

NO- 

Br 

„         66°;     „      366-5° 

NO" 

Br 

_ 

- 

„       126°;     „      255''-2fi6° 

NO' 

_ 

Br 

NO'.Cl 

„      32-S°;     „     243° 

NO' 

Cl      - 

„      44-4°;     .,      233° 

Nff 

-  1  Cl 

- 

„         83°;     „      242" 

NO 

- 

C\ 

- 

■I  tabiM  ot  tba  tsueDinilphuslo  uMi  ol  the  beniolD  ttU  deri' 
irtlclq ;  tbe  ptieni>l-il«lTfttiv&(  bavv  bBHa  klmdy  tabulated  O 
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lot*  P«tm  Ueta  IJr-H^ 


NO'J 

M.  p.  49*" 

38";  b.  p.  a80» 

Four-sided  tabteU ;  m.  p.  103° 

b.  p.  262= 

CrjBtailini   mass;    m.  p.  63= 

b.  p.  as:" 

Reddiah  Kiilex;    m.   p.   117° 

Nff-Br 

b,  p.  267= 
Nee<Uea;in.p.31-fi°:b.p.229 

■~ 

SIPJiO' 


NO'.I,I, 

NO».N0'ir 


p.  261  = 
Bhombic  (wtohedroDS  ;m.p.64°, 

dDCompoeed  bji  licat 
Liquid  aboTO  — It';  b.  p.  207= 
Liquid;  b.  p.  230° 
Bhombiocrjstala ;  m.  p.  70°-71 " ; 

b.  p.  230° 
Silvary  lamingc ;  m.  p,  25° 
ColoaTlesa  neadlds;  m.  p.  60= 
Dark  yellow  needles ;  m.p.  71 '6= 
Long  jbUow prisms;  m.p.  100  8° 
Orango  needles;  m.  p.  148° 
Bhombic  plates;  m.  p.  B?'!"; 

easily  aablimablo 
Needles;  m.p.  44°;  b.  p.  275° 
Bhombic  plates  ;  m.  p.  1 1B'6°  ; 

b.  p.  above  278^ 
Laige  pktfla ;  m.  p.  fi3°-64°  ; 

b.  p.  218=-210° 
Cryetali;  m.  p.  16°  ;  b.  p.  213" 
Needles;  m.p. 03-6';  b.p.  SOB'S" 
Yellow  tablelB  ;  m.  p.  61-6° 
Pale  greenish  jeliow  neodloB  or 


Priani    .         , 
lioog  needles  ;  m.  p.  32'2° 
PiisDU  or  (ablets  ;  m.  p.  US' 
Long  needles ;  m.  p.  43° 
LsmioiB;  m.  p.  64°-SiS° 
Long  needles  ;  m.  p.  46'a° 
Crystals ;  m.  p.  e8-fl° 
Yellow-green  needles ;  m,  p.  406= 
Long  needles ;  m,  p.  g2'S'> 
Large  priame  ;  m.  p.  634° 
SimiJarT  bat  lighter  in  colour 
Spherical  gronps   of  needles; 

ra.  p.  63  3° 
Deep  yellow  crystals ;  m.  p.  83fi^ 
Yellow  crystals ;  m.  p.  1 26-8' 
m.  p. 108° 


Yellow  pnams  or  tablets ;  m. 
Largo  cry8tfl\B ;  m.  y.  fi-V 
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Cl 
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Cl 
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NO' 

Br 

Br 

Br 

187» 

Ct7bU1«;  m.p.  1)3° 

N0> 

Br 
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3r 
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NO' 

Br 

Br 

Br 

Slender  needles  :  m.p.  119-6° 

NO' 

Br 

Br 

Largo  prisms;  ra.  p.  12fi° 

N0= 

Br 

Br 

Br  1 

HO'.Cl.Cl.Cl 

Slender   needles;    m.   p.   68°; 

NC 

01 

Cl 

01 

-  1 

NC.NO'NO'.Cl 

b.  p.  273° 
N««des;  m.p.  83° 

NO' 

.0. 

NO" 

Cl 

SH'.Br.Br.Br 

OljstilUne;  not  melting  at  130° 

NH' 

Br 

bT 

Br 

Long  needles  ;  m.  p.  118° 

NH' 

Br 

Br 

Br 

NH'.Cl.Cl.a 

Colourless  neodloi ;  m.  p.  BB-fi' ; 

NH= 

Cl 

Cl 

Cl 

b.  p.  270° 
NeedU;    m.  p.    77-6°;   b.  p. 

seo- 

NH' 

Cl 

Cl 

- 

a 
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s«e. 

AbbnffiMirnbolgt 

oampmiiid 

PiKlIloni  M  Ih<  SotaUtDtxl  SadlctaJ 

1 

Ortli<i|  Ueta 

ytn 

UecJoKha 

NH>.NO".NO'jrO> 

ni.  p.  188" 

NH 

NO' 

- 

NO 

- 

NC 

NH'^r.Br.NO* 

LiElityeUowneedI«(im.p,ao2-5'> 

NIR 

■fti- 

NO 

Br 

OmngBueedlM;  m.  p.  fiys' 

NH 

Hr 

NH'-a-CLNO" 

YaUowneedlM;  m.  p.  Be-l"  J,,^ 

NH- 
NH' 

n 

- 

NO' 

Ul 
CI 

NO* 

NH' 

(11 

NoJ 

a 

NH'.a.Br.NO' 

Omnge-yiiUow  needles;   m.  p. 

NH^ 

Br 

- 

CI 

— 

MO" 

NH'.NH'.CLCl 

Long  aeedlsBi  m.  p.  6I}'S° 

NH' 

a 

nrJ 

fil 

Ne'.Ne'.Bt.NO' 

YeUoir  or  omnge  priams ;  m.  p. 
Orange-red     neodlei;     ni.     p. 

NH' 

iJr 

— 

WH* 

WOi 

— 

_ 

m{ 

NO" 

NH" 

_ 

Br 

_ 

aboTB  IfiO' 

BiialieTU  in  Fiytiaai  Rvptrtia  qf  tia  Itomerie  Bauent-Dtrivatita. — Similarif 

eoDatilntad  nitroehtoro-.  nitrobromo-,  and  uitrDiodo-derivatiTM  of  beniaDe  axhiba 
k  strikinft  roembliuice  in  all  their  physical  and  chemical  propertin ;  Uma  th«  cotM- 
■pondJDg  cbloro-  And  bramo-deriTatiTae  are  regnlarly  iBomorphoue,  and  uomorphiiB 
also  exiats  (although  not  alwaya)  brtwe«a  them  and  the  iodo-derivatiraa. 

Again,  colonr  often  affords  an  imporlaiit  means  of  jadginjt  of  the  constitntiaa  of 
these  bodies,  those  which  are  analogous  in  cooatitutioD  lesemiilinK  each  othsr  ehaalj 
in  caloor;  the  oolont  inereaees  in  intensity  on  passing  from  the  chloro-  to  the  bromo- 
derirative,  and  thence  U>  ibe  iodo-derivatiTe.  This  sppljaa  not  only  to  ths  immrdiata 
deriTfttiTes  of  boniena.  but  also  to  the  deriratiTes  of  aniline  and  phenol  and  the 
metallie  derirHliiefl  of  the  latter.  The  componnda  containing  the  NO'-DTOQp  id  the 
ortho-posidon  (1  :  2)  relatiTcly  to  bd  atom  of  chlorine,  bcomine,  iodine,  hydioijl,  Mt 
amidogen,  are  especially  charscteriKd  by  thaiz  deep  colour:  oithonitroehlorobaiuan^ 
orthonitrobRRDObeniene,  orthonitroiodobenzene,  oiuionitrophenot.  and  orthonitianiline 
are  illuetratione  of  this.  The  same  intensitj'  of  colonr  is  ezhibitrd  by  some  tri-dari- 
Tatives,  such  as  iS-dinitraiodobeniene,  S-dinitrophenol,  ejid  jS-dinitiBniline,  'wfaidi 
reepectiTtly  oontaia  two  NO'-gronpa  each  in  ths  ortho-poaition  relaCivety  to  CI.  OH, 
or  NH'.  This  relation  does  not  obtaio,  hovevei,  when  tvn  atoma  of  chlorine,  bromisek 
or  iodine,  occur  rach  in  the  ortho-position  relatirely  to  a  single  NO*  groDp,  dioitlio- 
ehlorositrobenzeoe  (NO'  :  CI  :  C1e=  1:3:8),  and  the  corresponding  dioithobromo- 
and  diorthiodonitrobenEene  being  colourless.  Similarty,  ortbcdbitrobeoieae  and 
^-dinitropnmdiehlorobenzene  (p.  185)  are  almoet  colourless,  each  of  the  nitiD-gronpi 
in  the  latter  cotnponiid  being  in  the  ortho-pudtion  relatively  to  an  etom  of  chloTiiW. 
Of  the  nitrodit^mobenzenes,  nitromstadibromobenzene,  (NO*  :  Br  :  Br  — I  :  2  :  41 
has  the  deepest  colonr,  exceeding  in  intensity  that  of  Sicilian  sulphnr ;  nitropandi- 
bromobeniene  is  the  next  in  oider,  and  Uien  eomee  probably  the  nitro-Mthodi- 
bromotieoEene,  (NO*  :  Br  :  Br—  \  :i  :  i\  which,  boveTer,  haa  not  yet  been  obtuned 
quite  pure  ;  the  remaining  nitrodibromobenzenes  are  almost  or  entirely  colonrleas. 

In  odoar  and  solnbility  also  equally  marked  analogies  exiet  between  ei         ,        ' 
chloro-,  bromo-,  and  iodo-derivatiTes,  the  solability  and  odour  increaaing.  hoi 
from  the  iodo-  to  the  bromo-  end  from  the  latter  to  the  chloro-deriratiTe. 

A  gradation  ie  likewise  observable  in  the  focilil^  with  which  chlorine,  bromine, 
and  iodine,  occapying  similar  positions  in  analogons  componnds,  are  displaced  by 
Other  radidea.  The  displacement  of  chlorine  ia  naaslly  effected  more  Mwllly,  in  ISM 
time,  and  at  a  lover  temperature,  than  tliat  of  bnimine  or  iodine  in  the  oorre^xniding 
bromo-  and  iodo-derivatirss,  bromins  being  more  readily  displaced  than  iodintL  Hue 
appears  to  be  a  general  rule  in  the  case  of  oil  uttro-  and  siiliiho-derivBlJTea,  and  is 
probably  a  consequence  of  the  more  negative  character  of  cblorine  as  compared  vith 
bromine  and  iodine. 

The  boiling  points  of  isomeric  bodies  exhibit  in  aotue  cases  oompantiTelj  rimpi* 
lelations.  Thni,  whilat  in  many  instances  the  boiling  points  of  oorrespondiu  1:4 
and  1  :  3  Jerirativss  differ  but  sugbtly,  the  1 '.  1  &eT'i'iaU'iw  !iep|u<tUl^  awc«  bcnUnis 
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poiats  oouidevaUj  higher  or  lower  than  thoee  of  the  oorresponding  1 :  4  and  1 :  8 
oompoonda. 

Mora  remarkable  regularities  are  exhibited  by  the  melting  points.  Thus 
among  the  di-deriTatires,  whether  they  contain  similar  or  dissimilar  radicles, 
(BrJ3f,  NO'.Br,  NO'.Cl,  &&),  the  para-^  or  symmetrical  modification,  has  invariably 
the  highest  melting  point,  and  the  fii^^modification  in  most  cases  melts  at  a  highf>r 
temperature  than  the  ortho:  The  para-derivatives  are  all  solid  at  ordinary  temper- 
atoms,  whereas  some  of  the  ortho-  and  meta-derivatives  are  liquid.  Among  the 
trichloro-  and  tribromobenzenes,  the  symmetrical  modifications  have  the 
hifthest  melting  points,  and  the  unsymmetrical  the  lowest;  and  in  the  series  of 
nitrodichloro-  and  nitrodibromobensenes,  the  symmetrical  modifications 
likewise  melt  at  the  highest  temperatures,  while  the  unsymmetrical  modifications  of 
highest  melting  point  are  those  which  have  their  two  haloM  radicles  in  the  para- 
position  with  regard  to  each  other,  (NO'  :  R  :  R—  1  :  2  :  5).  Lastly,  among  the 
tetrachloro-  and  tetrabromobenzenes,  the  sprmmetrical  modifications 
(1:2:4:6)  have  also  the  highest  melting  points;  and  m  the  series  of  nitrotri- 
bromobenzenes,  the  highest  melting  point  (126®)  is  exhibited  by  the  modification 
1:2:4:6,  in  which  the  three  bromine-atoms  are  symmetrically  disposed.  The 
general  conclusion  deducible  from  all  these  facts  is  that  the  more  aymmeUneal  ths  eon- 
9tUuii4m  qf  a  benjtene-  derivative,  the  greater  is  the  resistance  which  it  offers  to  ths  passage 
from  the  solid  to  ths  liquid  stats, 

btfiumos  exsroisea  by  the  nature  of  ths  Displacing  Groups  in  ths  conversion  of 
liono-derivaiives  of  Benzene  into  Di-dsrivatives. — The  results  of  the  action  of  chlorine, 
bromine,  iodine,  nitric  acid,  and  sulphuric  acid,  on  the  various  mono-derivatives  of 
benzene  are  given  in  the  following  table,  the  series  to  which  the  principal  pi*oduct 
belongs  bei^  indicated  by  thick  figures^  aud  the  accessory  products  by  smaller 
figures. 


The  XMUcto  which 

oooapias  the  poti« 

tlanl 

Serial  to  which  the  derivative  bdongi,  renilting  Crom  the  Introdoctloii  of 

r 

a 

Br                I                  T 
Br              ^                I 

1 

NO^ 

80'H 

a 

1:4 

1:2 

1:4 

1:2 

1:4 

1:4 

1  :2 

1:4 

Br  .    ,    •    •    * 

Displaces  the 
brombe 

1:4 

1  :2 

? 

1:4 

1  :2 

1:4 

I 

Displaces  the 
iodine 

Disjplaces  the 
iodine 

1:4 

1:4 

1  :2 

1:4 

OH     .... 

1:4 

1:2 

1:  4 

1:2 
1  :8 

1:4 

1  :2 
1  :3 

1:4 

1  :2 

1:4 

1:2 

NH«    .... 

1:4 

1:4 

1:4 

1.4 

1  :2 

1:4 

CH»    .    .    .    . 

1:4 

1:4 

1  :2 
1:8 

? 

1:4 
1  :2 

1:4 

1  :2 

N0«     .    .    .    . 

1:8 

Displaces  the 
nitro-group 

Displaces  the 
nitro-group 

1:8 

1  :2 
1  :4 

1:8 

1  :2 
1  :4 

SO»H  .... 

? 

1:8 

1:8 

1  :2 
1  :4 

1:8 

1:4 

OOOH     .    .    . 

1:8 

1:8 

1:8 

1:8 

1  :2 
1:4 

1:8 

1:4 
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The  inferences  which  maj  be  drawn  from  this  table  as  to  the  inflnenee  enarted  hw 
a  given  radicle  upon  the  position  which  a  second  radicle,  the  same  or  <Ufferent  in  kiad^ 
is  cansed  to  occupy,  are  so  obyious  as  to  render  special  explanation  unneeeMazy.  The 
amount  of  accessory  products  formed  is  in  general  relatively  small,  and  eT«ii  in  the 
most  £Eivourable  cases  does  not  appear  much  to  exceed  40  per  cent,  of  the  total  pro- 
duct ;  in  those  cases  in  which  the  1  :  2  derivative  is  produced  together  with  the  1:4 
derivative,  the  amount  of  the  former  is  always  larger  the  more  violent  the  reaction. 

The  amount  or  value  of  this  orientating  influence  of  a  group  or  radicle  already 
introduced  into  a  benzene- molecule,  or  the  position  of  an  atom  or  radicle  about  to 
enter  that  same  molecule,  may  be  approximately  estimated  by  comparing  the  relative 
quantities  of  the  derivatives  1:4,  1:3  and  1  :  2  actually  formed,  with  those  whidi 
should  have  resulted  if  this  peculiar  influence  bad  not  existed.  The  latter  proyntion 
is  easily  calculated :  for  since  the  position  1  :  2  is  identical  with  1  :  6,  and  1:8  identi- 
cal with  1  :  6,  whereas  the  position  1  :  4  is  unique,  it  is  clear  thiit,  without  the  orien- 
tating influence  under  consideration,  there  should  result,  in  every  case  of  the  eonver- 
sion  of  a  mono-  into  a  di-derivative : 

20  per  cent,  of  the  total  product  in  the  form  .        .        .        .        1:4 
40  „  „  ,,....1:8 

40  „  „  „  ....        1:2 

If,  then,  to  take  an  example,  nitne  acid  of  sp.  gr.  1*4,  acting  at  a  given  tempemtme 
and  in  given  quantity  on  monobromobenzene,  gives  rise  to : 

67  per  cent,  nitrobromobenzene  in  the  form    .        .        .        .        1:4 

39  „  ,,  „  .        .        •        .        1  r  x 

0         „  „  M  ....1:8 

it  follows  that  the  force  exerted  by  an  atom  of  bromine  in  carrying  the  groop  NO*  to 
the  position  4  must  he  four  times  as  great  as  that  which  carries  it  to  the  poeiUon  2, 
and  on  the  other  hand  the  same  atom  of  bromine  exercises,  with  respect  to  the  power 
of  substitution  in  the  position  3,  an  opposing  action  completely  preventing  tho  f  •rmation 
of  the  compound  1  :  3,whichwouldotherwi8econstitute40percent.  of  theflu&lprodnei. 
These  considerations  are  of  some  importance  in  determining  the  conditiona  which 
regulate  the  relative  proportions  of  the  several  isomerides  produced  in  any  of  the  re- 
actions under  consideration,  and  especially  those  under  which  one  or  the  other  isomeric 
modification  is  produced  alone,  or  oisappeiijrs  altogether  from  the  product. 

Dependence  of  the  action  of  the  "SO^-ffroup  in  favouring  the  displaeement  qf  Cklorme, 
Bromine,  Iodine,  j-c,  on  ite  relative  position. — The  results  obtained  by  vmrions 
observers,  and  especially  by  Komer,  show  that  an  influence  is  exercised  by  the  NO^ 
group  in  favouring  the  displacement  of  Gl,  Br,  I,  NH^  OH,  OOH*,  &^,  only  niien  it 
is  in  the  ortho-  (1  :  2)  or  para-  (1  :  4)  position  relatively  to  one  or  other  of  these 
radicles  (at  least  in  the  case  of  the  di-  and  tri-derivatives),  and  that  it  never  indnoee 
the  diflplacement  of  these  radicles  when  they  occur  in  the  position  3  or  6.  Eekal4*a 
original  benzene  symbol  does  not  afbrd  a  satis&ctory  representation  of  this ;  u 


4 

-C        C— J 


it  rather  appears  to  indicate  that  the  loosening  influence  exercised  by  the  said  NO^ 
group  upon  a  radicle  in  the  position  3  (or  5)  is  necessarily  intermediate  between 
that  exercised  upon  the  position  2  and  the  position  4,  wluch  is  not  actually  the 
case. 

This  difficulty  may,  however,  be  obviated  by  supposing  the  six  carbon-atoms  in 
the  benzene  nucleus  to  be  connected  as  in  the  annexed  figure  {let  8»ppl,  p.  194); 
that  is  to  sav,  each  carbon-atom  directly  connected  with  three  others,  via.  1  wiUi  2, 
4  and  6 ;  2  with  1,  3  and  6  ,*  3  with  2,  4  and  6,  &c.,  and  generally,  each  oexbon- 
atom  directly  connected  witli  those  which  are  in  the  ortho-  and  para-poeitions  with  re- 
spect to  it,  but  not  with  those  which  stand  to  it  in  the  meta-position. 
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Admitting  this  mode  of  connection  between  the  carbon-atoms,  it  is  easy  to  onder- 
slaiid  that  the  NC-group  will  exercise  a  greater  loosening  infloence  on  the  atom  of 


ehlorine,  bromine,  &&,  when  the  atoms  of  carbon  to  which  this  NO*-gronp  and 
the  halogen-element,  NH^-gronp,  or  OH-gronp,  &c,  stand  to  one  another  in  the 
oitho-  or  para-position,  and  are  therefore  directly  connected,  than  when  they  are  in 
the  meta-position,  and  therefore  not  directly  connected.  The  same  explanation  will 
eridently  Apply  to  the  direct  conversion  of  mono-deriyatiyes  of  benzene  into  di- 
deriyatiyes  under  the  influence  of  chlorine,  bromine,  &c.,  the  di-deriyatiyes  thus 
fbrmed  being  mostly  members  of  the  1  :  4  and  1  :  2  series,  and  di-deriyatiyes  of 
these  two  classes  beinff  frequently  formed  together,  whereas  the  direct  formation 
of  meta-deriyatiyes  seldom  takes  place  except  under  the  influence  of  agents  of  a 
more  energetic  or  more  acid  character,  strong  nitric  acid  for  example.  The  tendency 
to  the  formation  of  the  unsymmetrical  modiflcation  (1  :  2  :  4  or  1  :  3  :  4)  of  tn- 
derivatiyes  in  preference  to  the  symmetrical  (1:3:  5)  or  consecutiye  (1:2:3)  modi- 
fication, admits  also  of  similar  explanation. 

lAstly,  it  may  be  observed  that  the  mode  of  connection  symbolised  in  the  last 
figure  explains,  as  well  as  Kekul^'s  formula,  the  existence  of  only  three  isomeric  di- 
deriyatiyes  of  benzene,  and  the  formation  of  additive  compounds,  like  0'H*.Br'  and 
0*H*.G1',  the  chlorine  or  bromine  being  supposed  to  break  the  connection  between 
the  carbon-atoms  at  the  opposite  points  of  the  hexagon,  so  that  each  carbon-atom 
remains  only  singly  linked  to  two  other  carbon-atoms. 

A  similar  benzene -symbol  has  been  proposed  by  Komer,  in  which  the  six  carbon- 
atoms  are  supposed  to  be  arranged  in  two  parallel  (e.ff.  horizontal)  planes,  the  atoms 
1,  8,  6,  in  the  upper,  and  2,  4,  0,  in  the  lower  plane,  and  each  atom  in  the  upper 
plane  directly  linked  to  all  the  three  atoms  in  the  lower.  Such  an  arrangement 
evidently  fulfils  all  the  conditions  above  specified  (see  CHomah  delU  SeienMe  naiurali 
ed  teonamieAe,  v.  241 ;  Palermo,  1869 ;  Gaezetta  oJwmiea  itaUana,  iv.  444 ;  Ckem.  8oe. 
J.  1876,  i.  241). 


ISVXiVBOWZO  AOZB,  G*H«.SO*H.  The  ethylic  ether  of  this 
add  is  easily  produced  by  the  action  of  benzene  sulphochloride  on  sodium  ethylate  in 
alcoholic  solution : 

0'H».S0«.C1  +  NaOC«H»  «  NaOl  +  C«H».SO«.OC«H». 

It  is  a  yellowish  oil  with  a  faint  vinous  odour,  heavier  than  water,  soluble  in  all 
proportions  in  ether,  alcohol,  and  benzene,  insoluble  in  water,  and  readily  decomposed 
by  boiHng  therewith  into  alcohol  and  benzenesulphonic  acid  (Schiller  a.  Otto,  Deut, 
Chem.  Ges,  Ber,  ix.  1638). 

This  ether  is  not  produced  by  the  action  of  alcohol  on  benzenesulphochloride. 
Gericke  {UAi^s  Annaien,  c  207)  statod  that  it  is  formed  by  heating  the  lead  salt 
of  benzenesulphonic  acid  with  ethyl  iodide  in  sealed  tubes,  and  crystallises  in 
needles  easily  soluble  in  water.  Schiller  a.  Otto,  however.  And  that  the  ether 
of  benzenesulphonic  acid  is  not  produced  in  this  manner,  or  when  ethyl  bromide  is 
substituted  for  the  iodide ;  and  they  suggest  that  the  crystals  obtained  by  Oericke 
were  nothing  but  benzenesulphonate  of  lead,  which,  in  fact,  dissolves  abundantly  in 
ethyl  iodide  when  heated  with  it  under  pressure,  and  dystallises  on  cooling  in  small 
needles. 

Vltrobenseneaiilpboalo  Aolda*  C*H^(NO*).SO'H.  Laurent  obtained 
an  acid  of  this  composition  by  treating  benzenesulphonic  acid  with  nitric  acid  (v.  664), 
and  similar  compounds  have  been  obtained  by  heating  nitrobenzene  with  fuming  sul- 
furic acid  (Schmitt,  Liebi^s  Jnnalen,  cxx.  163 ;  Meyer  a.  Stiiber,  ibid.  clxv.  164 ; 
H.  Bose,  Zeitschr,  f.  Chem,  1871,  224);  also  by  heating  benzenesulphonic  add, 
C^*(80^H),  with  faming  nitric  acid  {Ut  Suppl.  275),  and  by  heating  nitrobenzene 
dissolved  in  carbon  sulplude  with  sulphuric  hydroxychloride,  SO'.OH.Gl  (Armstrong, 
Zeiisekr,/.  Chem,  1871,  821). 

The  study  of  these  adds  has  lately  been  resumed  by  limpricht  {Liebi^s  Atmalm, 
clxxviL  60),  who  has  obtained,  both  by  Laurent's  and  by  Schmitt's  method,  the  tluree 
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laodiflealimt  of  nitiobeiiECQeeulphanic  acid,  orlio-,  nitla-,  siid  para-,  iJie  meta-  tdd 
fbrnuDgbjfarlhelargsiportioaDi'tlieproiliiccin boiheasM, bntrfipnciiJljiaC    '  "     ' 

Preparatinn. — 200  grama  of  pnro  betiMne  are  miMd  in  a  number  of  li _, 

with  sod  c.c,  of  fomiag  BiiJpbaric  acid.  Tha  action  Uicd  he^na  immediaMlj,  with 
coniiderablo  Hao  of  temperature,  and  ma;  be  qmekenod  bj  a^tation,  ears  h^ig  ttkao, 
howrror,  that  the  temperatuco  dooB  oot  rise  Hbore  tbo  boiling  point  of  beiuMiie.  In 
n  fev  hours  tbe  beozaaa  is  found  to  be  all  dissolTed,  eicoptinga  email  qiuDtitj  vhieb 
may  be  remored  vith  a  pipette.  aSac  the  vhole  baa  b«en  poured  into  a  laag-Dacied 
fia^  The  beDEenemlphonic  acid  ia  thoa  panrsd  back  into  the  litre  flasks,  a^  nitric 
acid  of  ep.  gr.  1-64  ia  added  Co  It  by  dropa,  with  frequent  agitation,  tbo  fla*ka  being 
dipped  into  cold  irster  at  first,  sod  the  opcralioa  interruptod  now  and  tbeo  (o 
moderale  the  Tiolence  of  the  aoloon.  The  addilian  of  nitric  acid  mn«t  be  continued  aa 
long  a<  it  ocisaiona  any  farther  rise  of  tampecatiire. 

Tbe  crude  nitrobeozonosul phonic  add  ia  then  poured  inlo  a  lai;ga  gosntitj  of 
water,  and  left  in  contact  therewith  till  it  haa  become  clarified  by  depoaitiou  of  a  noali 
qnantity  of  dinitrobanzene ;  than  decnntsd  or  filtered,  aentralie«d  with  alakcd  lime, 
■trained,  and  concentrated  bf  ovaporation.  till  the  calcium  Baits  of  the  throe  oitio- 
benzenesnlphonic  acids  begin  to  crystallise  out. 

Th»  salt  whirl]  eoparates  first  still  retains  a  little  gypnm,  but  otharwiae  conneta 
nlmoct  wholly  of  nietaoitrDbensenasulphaiiBte ;  but  tbe  following  cropa  of  eijalkli 
likpwiae  contain  the  ortbo-  and  pan-modifications  in  concmually  inereoaiDg  propo^ 
tioD.  A  more  complete  separation  of  the  three  modiflcationa  may  bo  edbcted  by  can* 
Terting  tbe  calcium  Baits  into  the  lebs  solnble  barium  salts;  but  the  beat  mode  of 
aopamtjon  is  to  convert  the  nitrobenztiiesnlphonic  acids  into  the  corresponding  niidH^ 
sepsrote  these  by  cryslalljaiitjon,  and  tben  reconvert  them  into  tbe  adds  by  baodng 
with  byilrocliloric  acid. 

For  this  purpose  tha  first  crystal! isationa  of  tbe  caldnm  salt  are  conTertcd,  b* 
tnatmenl  with  polaaaiam  carbonate,  inlo  tbe  potaaainm  aait,  which  is  to  be  drie^ 
pulTenaed.  and  conrerCed  into  the  anlphochtoride,  C'H<(N0').S0'C1.  by  heating  it  in 
a  basin  with  hd  equal  weight  of  pbosphnma  peatachloride,  the  mirtnre  being  at  tho 
same  time  triturated  with  a  pesue.  The  mass  liquefies  at  first,  but  resali^fles  on 
cotiling,  and  ia  then  to  be  waahed  with  cold  water,  diaaolved  in  ether,  and  dahjdratal 
with  caldum  chloride.     The  clear  decanted  aolntion  baring  been  partly  freed  from 

etbep  tif  diatillatioD,  the  mtrabfnzeDeBulphcichJoride  c^iAllisea  aal  on  standing  in 
long  ahining  needles  melting  at  60  S°.  This  chloride,  treated  with  strong  b^umiiu 
ammonia,  is  slowly  conTartod  into  the  correepondjng  amide,  0'H'(NO'}.SO'IIH*, 
which,  after  washing  with  cold  water  and  recryatalliia^on  from  hot  water,  with  addi- 
tion of  animal  charcoal,  forma  white  prisms  melting  at  161°. 

The  tost  cryalnllisationaof  the  caldum  «alt,  treati^  in  like  manner,  yidd  a  mutme 
of  three  chloiidas,  two  of  which  are  crystalline,  bnt  difScnlt  to  aapaiBte  fkom  the 
third,  which  ia  liquid.  After  waabing  with  walor,  they  are  conrertwl  by  ammoDia 
inlo  an  amidatsd  product,  separable  by  repeated  crysbdliration  into  three  amidM, 
CH<(NO')S(raH'.  malting  reapdctirely  at  186°,  IfiP.and  I3i°.  the  aecood  being 
identical  with  that  above  mentioned  {mtta-).  The  amide  with  tbe  highest  raelUng 
point  (oriAo-)  ia  tho  least  soluble,  and  tbat  with  tbe  lowest  melting  point  (poro-)  the 
mo?t  soluble  of  the  three. 

These  amides  heated  to  160°.  ia  sealed  tubes  with  strong  hydrochloric  acid,  are  con- 
verted into  the  ammonium  salta  of  the  corresponding  nitrobenzenesolphoiiic  adds, 
which  may  be  obtained  in  tho  pulverulent  etate  by  emporating  the  reaulting  aolntions 
to  drpiest.  and  converted  into  barium  aalu  by  boiling  with  bal^-watar;  and  ftinn 
the  latter  aalta  the  other  nitrobenieneaalpbonatea,  and  the  free  acids,  may  be  obtained 
by  ordinary  methods. 

Tbe  mixture  of  tbe  three  acida  obtained  by  nitration  of  brnseneanlphooic  acid,  ai 
above,  contains  about  00  p.  c  of  the  mela-  (or  a-)  add;  that  obtained  by  treating 
nitrobeozene  with  sulphuric  add  contains  a  atill  larger  proportion  of  this  modification. 

}dttanitTchai£»tu9idphmtic  acid  may  also  be  obtained  by  treating  nitrosolpbanilic- 
benxeneanlphonic  acid  (p.  22S),  suapended  in  alcohol,  with  nitrous  acid,  whereby  it  ia 
GOnTerted  into  the  diajco-compoand,  and  decomposing  tbe  latter  with  absolute  alaohol 
under  presanre  (Goalich,  Liebig'a  Annalm,  cliii.  104), 

The  following  table  eihibita  a  comparative  view  of  the  prindual  properties  cif  tbe 
three  acids,  their  salts,  chlorides,  and  amidea.  The  ortbo-  and  para-acids  hsTii^ 
been  obtained  in  amalL  quantity  only,  tbe  investigation  of  tbeir  aalU  ia  necaaaarily 
leas  complete  than  that  of  the  mota-acid  :— 

•  Limprlckt  dlHiDgnlitus  the  thm  ■iwdllistltjiuuB,  p,  >.  Hti  tint  eipejinrnta  did  not  IndHd 
Bi  Uu  nJatire  pialtlaiu  of  IbE  ndlcles  HO'  ud  SO'B  In  tbe  three  mcMa,    Tbb.  howsier,  hu  baii 


I 


It  Umprtobt'i n.  fi. uil  y  udli  are  ispecUvelr  tbe  moti-, pam.,  ud  onha-niodUlatuna,  u 


M 
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Benrenaulphonie  Acids. 


Bidte 


0»H«NO«.SO«NH« 

C>HXN0«)J90»N» 
[C«B[XNO«)JSO^«Ba 

[0«H*(NO^.SO»]«Ca 

tC^XN0«).80«]«Mg 

[C^XNO«)^0«]«Zii 
[C^XN0«)J30^«Pb 

[CfHXNO^O^«Ctt 

Chloride: 
C«HXNO^O«Ca 


Amide: 
C^XN0«)J3O«NH« 


Ortho(Y) 


Long       glistening 

needlee. 
Small      glistening 

needles  sparinglj 

soluble. 


+  H«0.  Hard, 
eiTstalline,  Tery 
solnble  crosts. 


Mete- (a) 


Transparent  brittle 

prisms. 
Plates     or 

needle*. 


long 


W 


Transparent  plates. 
Small  prisms. 


Very  soluble  trans- 
parent four-sided 
plates. 


From  ether  in 
white  or  reddish 
flat  prisms;  m.p. 
67^ 


Thin  needles,  m.p. 
186°;  very  slight- 
ly soluble  in  cold, 
more  freely  in  hot 
water,  very  easily 
in  alcohol. 


From  water  in  large 
square  plates. 

+  HK).  SmaU 
prisms  or  plates 
(Limpr  icnt)  ; 
needles  (GUMlicdi). 

+  2H*0.  Large 
white  plates. 

+  4H«0.  Very 
solnble  white 
pnsms. 

•f  3H'0.  Like  the 
magnesium  salt. 

+  2H«0.  Short 
compact  prisms, 
or  tufts  of  thin 
needles. 

Pale  sr  een  hydrated 
needles,  becoming 
nearlir  white  when 
dehydrated. 

From  ether  in 
transparent  four- 
sided  prisms ; 
m.p.  60-6*  (Lim- 
pncht);  6lo(Goa- 
lich). 

Needles  or  prisms, 
m.p.  161^;  slight- 
ly soluble  in  cold, 
more  freely  in  hot 
water,  rery  easily 
in  alcohoL 


8H*0.  SmaU, 
very  thin 

plates. 

+  2HK).  White, 
▼ery  soluble 
needles. 


H.  2H«0.  Glo- 
bular masses  of 
prisms. 


Separates  fiom 
ether  as  a  red 
oiL 


Compact  prisms, 
m.p.  181° ; 

easily  solnble 
in  hot  water, 
more  freely  in 
alcohol. 


MetanitrobenaEenesulphonic  acid  cxystallises  from  water  or  alcohol  in  lar^ 
deliquescent  plates ;  the  other  two  adds  have  not  been  obtained  in  the  free  state  in 
definite  form.  When  the  three  acids  are  fused  with  potash,  ammonia  is  evolved  and 
oxalic  add  is  formed,  together  with  a  brown  oil.  By  reduction  with  alcoholic  amfno- 
nium  9iUphidet  these  acids  are  converted  into  the  corresponding  amidobensenesul- 
phonic  acids,  C'H«(NH<).SO*H,  the  para-modiflcation  of  which  is  identical  with 
Bulphanilic  add. 

Metanitrobencenesulphonic  add  may  be  boiled,  or  even  heated  to  170°,  with  the 

strongest  nitric  acid,  without  undergoing  any  change,  but  a  mixture  of  2  pts.  nitric 

and  1  pt.  sulphuric  acid  converts  it  into  dinitrobensene-disulphonic  acid, 

0«H«(N0«)«.(80«H)»  (p.  268). 

B<yH 


IHnitrolieaBeiiMiiilpboiilo  Aoldt 


^0" 


(Limpricht,  DitU,  Chem.  Get,  Btr 


V 


NO" 


ix.  654 ;  Sachse,  Liehi(fs  Annalen,  clxxxviii.  143).  To  prepare  this  add,  pure  and 
dry  metanitrobenzeneeulphonic  acid  is  mixed  in  a  tubulated 'retort,  with  an  equal 
Tolume  of  fuming  sulphuric  acid,  and  3^  vols,  of  the  strongest  nitric  acid  are  gradually 
added,  with  frequent  agitation,  the  liquid  being  gently  warmed  as  soon  as  the  first 
violent  action  has  subsided,  and  the  nitric  acid  which  distils  over  poured  back  from 
time  to  time,  fresh  quantities  being  added  if  neeessary.  When  the  conversion  of  the 
ZrdSup.  *Q^^ 
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moDonitro-  into  the  dinitro-acid  (-which  reqaires  from  fourteen  to  aizteen  6mf  boil- 
ing)  is  nearly  complete,  the  contents  of  the  retort  are  diluted  with  water,  and  arapo* 
rated  in  a  basin  over  the  water-bath  as  long  as  nitric  acid  continues  to  be  evolTed. 
This  operation  alec  t-akcs  several  days,  and  the  water  which  evaporates  must  be  replifled 
from  time  to  time.  The  liquid  is  then  again  diluted  with  water,  neutzaliiea  with 
slaked  lime  and  strained;  and  the  solution  -which  runs  through  is  evapoiatad,  fre«d 
from  calcium  by  sulphuric  acid  and  alcohol,  then  neutralised  with  barium  carbonata 
and  evaporated  to  the  crystaUising  point.  It  then  usually  deposits,  first  a  fow 
nodular  crystals  of  barium  metanitrobenzenesulphonate,  aftenirards  red  andsomedmes 
rather  large  crystals  of  the  dinitro-salt ;  and  the  mother-liquor,  which  no  longer  yields 
distinct  crystals,  contuns,  according  to  limpricht,  the  barium  salt  of  another  dini- 
trobenzeneeulphonic  acid ;  according  to  Sachse,  a  dinitrophenol,  0'H'(NO')K)H« 

The  dinitrobenzenesulphonic  add,  C'H"(NO')'.SO'H,  separated  by  sulphuriA  add 
from  the  pure  barium  salt,  remains  on  evaporation  as  a  brownish  syrup,  -which  solidi- 
fies on  cooling  to  a  crystalline  very  deliquescent  mass,  easily  soluble  in  alcohoL 

The  ammonium  salt,  G^"(NO^^SO■NH^  forms  anhydrous  lemon-yellov  lamiiUB 
and  tablets,  having  a  vitreous  lustre,  which  they  lose  on  exposure  to  the  air ;  it  is 
moderately  soluble  in  water. 

C«H*(NO*)*.SO*K  +  l^H'O  crystallises  on  cooling  from  a  hot  solution  in  b'^t, 
yellow,  glassy,  nearly  transparent  needles  an  inch  long,  which  quickly  effloiesee^ 
and  become  opaque  when  exposed  to  the  air ;  moderately  soluble  in  water. 

[C*H>(NO<)<SO*]^a  +  dHK).  Separates  from  somewhat  dilute  solutions  in 
isolated  well-developed  roseate  crystals,  probably  rhombic  prisms,  modified  so  as  to 
make  them  look  like  quadratic  octobedrons.    Easily  soluble  in  water. 

[0«H»fNO«)*SO«]Pb  +  3H*0.  Separates  from  a  hot  solution  on  cooling  in 
lemon-yellow  shining  laminse,  which  on  exposure  to  the  air  become  light-yellow  and 
lose  their  lustre.    Dissolves  in  water  -with  light  yellow  colour. 

The  chloride  ,  C<>H*(N02)*.S0K1,  separates  from  solution  in  ether  at  a  winter 
temperature,  in  nodules,  which,  after  several  recrystallisations  from  ether,  melt  at  89^ 
(Sachse),  at  97°  (Limpricht). 

The  amide,  C«H«(NO»)».SO«NH«,  crystallised  from  hot  -water  with  the  aid  of 
animal  charcoal,  forms  yellowish,  or  greenish  silky  needles,  easily  soluble  in  hot, 
sparingly  in  cold  water,  melting  at  238^  (Sachse),  at  236°  (Limpricht). 

The  dinitro-compound  maybe  conyerted  into  the  diamido-acid,0'JS0^.NH'.NH'J9*, 
by  reduction  either  -with  ammonium  sulphide  or  -with  tin  and  hydrochloric  aeid ;  and 
on  passing  nitrous  acid  into  the  solution  of  this  amido-add  in  concentrated  hydro- 
bromic  acid,  a  dibromobenzenesulphonic  add  is  obtained,  having  the  constitu- 
tion C".SO'H.Br.Br.H*.  Hence  the  diamido-acid  and  the  dinitro-add  from  which 
it  is  formed  must  also  have  the  constitution  1  :  2  :  3,  as  represented  by  the  finmula 
giyen  on  p.  225  (Sachse).  ^ 

AmldobeBBenesnlpboBio  Aoida,  CH^NH'.SO^  (Limpricht,  LUbiff'9 
Annalen,  clxxvii.  79;  clxxx.  88;  Deut.  Chem,  Ges,  Ber,  -viii.  1065.  Bemdsen,  IM^s 
Annalen,  clxxvii,  82.  Bemdsen  a.  Limpricht,  ibid.  98.  Nolting,  Deut,  Chem,  €h»*  &r, 
viii.  1091). 

Three  modifications  of  this  add,  a,  j3,  7,  are  formed  by  reduction  of  the  oone- 
sponding  nitrobenzenesulphonic  acids  (p.  223).  Of  these,  the  one  designated  as  ^  is 
identical  with  the  acid  long  known  as  sulphanilic  acid,  produced  by  the  action  of  sul- 
pliuric  add  on  aniline  (v.  477) ;  and  this  acid  is  converted  by  chlorine  into  a  chloro- 
benzenesulphonic  acid,  the  chloride  of  which,  when  treated  with  phosphorus  penta- 
chloride,  yields  jTarodichlorobenzene  (1:4),  according  to  the  reaction  : 

c«H<ciso=ci  +  pci»  =  poci»  +  soci«  -h  c«i«a«. 

Sulphanilic  add  is  therefore  the  para-modification  of  amidobenzenesulphdhie  acid. 
Now  both  this  and  the  modification  designated  as  7,  are  converted  by  treatment  with 
bromine  into  ordinary  tribromaniline,  which,  as  Korner  has  shown  (p.  195),  has 
the  constitution  1:2:4:6  or  C'.NH'.Br.H.Br.RBr.  Consequently^  one  of  t^iese 
two  amidobenzenesulphonic  acids  must  have  the  groups  NH^  and  SO^H  in  Uie  1:4 
and  the  other  in  the  1  :  2  position ;  thus : — 

NH"  NH"  KH« 


\/  V  \/ 

SO«H  Br 

The  1  :  4  position  has,  however,  been  shown  to  belong  to  the  /^^modification,  or  sol- 
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phfttiilic  acid ;  the  7-acid  moBt,  therefore,  be  the  1  :  2  or  ortho-modifieation.  For 
the  a-acid  there  remaios,  therefore,  only  the  1  :  3  or  meta-constitation  (Nolting). 

The  three  amido-acids  are  converted  bj  the  action  of  nitrouB  add  into  the  corre* 
sponding  diasobenzenesulphonic  acids. 

These  conolasions  are  corroboraled  by  the  result  of  heating  the  potassium  salts  of 
the  conesponding  bromobenzenesulphonic  acids  with  dehydrated  potassium  ferrocy- 
anide.  Tne  potassium  salt  of  jS-bromobenzenesulphonic  acid  ^obtained  either  from 
bromobenseue  and  sulphuric  acid  or  from  sulpbanilic  acid),  is  converted  by  this 
treatment  into  a  dicyanobenzene,  C*II^(CN)',  which,  when  boiled  with  alooholie 
potash,  or  more  readily  when  heated  to  160°  with  hydrochloric  acid,  is  converted  into 
terephthalic  acid;  and  the  potassium  salt  of  a-bromobenzenesulphonio  acid 
(from  a-amidobenzenesulphonic  acid^,  treated  in  a  similar  manner,  yields  a  dicyano- 
benzene  convertible  into  isophtnalic  acid.  Consequently,  o-amidobenienesul- 
Iconic  acid  and  its  congeners  belong  to  the  fneta-f  and  the  i9-acids  to  the  para-series 
and  therefore  the  Y-acids  must  belong  to  the  or^Ao-series  (Limpricht,  Liebi^t  Annaienf 
elxzx.  88). 

Metamidobenrenetulphonic  acid,  0*.NH'.H.SO'H.H*  (Bemdsen,  loe.  eit.) 
This  add  was  first  obtained  by  Laurent,  b^  reduction  of  nitrosulphobencoic  add  (v. 
477).  It  is  prepared  by  reducing  metanitrobenzenesulphonic  add  with  ammonium 
sulphide  (Bemdsen),  or  by  heating  bromometamidobenzenesulphonio  add  with  hydriodic 
add  in  sMled  tubes  to  120°  (Goelich).  It  usually  crystallises  in  long  slender  ooncen 
tricftlly  grouped  anhydrous  needles ;  but  by  very  slow  separation  from  aqueous  solu- 
tion at  ordinary  temperatures,  it  may  be  obtained  in  transparent  colourless  monocHnic 
prisms  oontainbg  l^HK),  which  they  give  off  slowly  with  efflorescence.  It  is 
sparingly  soluble  in  cold,  freely  in  hot  water,  insoluble  in  alcohol  and  ether.  The 
aqueous  solution  turns  red  in  contact  with  the  air,  and  then  yields  coloured  crystals, 
which,  however,  become  colourless  again  by  recrystallisation  in  contact  with  animal 
charcoal.  When  heated  it  decomposes  without  previous  fusion,  leaving  a  slowly 
burning  dnder.  It  is  easily  oxidised  by  sulphuric  acid  and  potassium  oiromate  or 
manganese  dioxide,  but  does  not  yield  quinone.  The  dtagO'Oeid  formed  from  it  bv 
the  action  of  nitrous  acid  yields,  when  heated  with  watsr,  a  phenol-sulphonic  acid, 
convertible  by  ^ion  with  potash  into  resorcin — a  farther  proof  that  this  add 
belongs  to  the  meta-series  (2iu2  iSii^/.  1110). 

Bromine  acts  immediately  on  metamidobenzenesulphonic  add  in  aqueous  solution, 
forming  a  di-  or  tribromamidobenzenesulphonic  acid,  accordingly  as  2  or  8  mols.  of 
bromine  are  added.  With  more  than  8  mols.  of  bromine,  bromanil,  (C*Br*0^,  is 
ilso  formed,  being  the  direct  product  of  the  action  of  bromine  on  the  tribrominated  acid. 

CkLorine  in  excess  passed  rapidly  into  a  hot  strong  solution  of  the  acid  colours  it 
red,  brown,  and  finally  yellow,  and  throws  down  crystals  ofchloranil,  C*01K)'.  The 
same  substance  is  produced  by  treating  the  acid  with  hydrochloric  add  and  potasdum 
chlorate,  whereby  nearly  the  whole  of  the  sulphur  of  the  amido-acid  is  eliminated  as 
vulphuric  acid.  The  product  of  the  action  of  2  mols.  only  of  chlorine  on  the  amido- 
acid  is  dichloramidobenzenesulphonic  acid,  C*H>01*(NH')80*H  +  2HK), 
which  forms  delicate  white  needles  easily  soluble  in  water. 

Barium  Metamidchenzeneavlphonate,  (OH^.NH^0')*Ba.6HK),  crystallises  in  small 
reddish  prisms  which  dissolve  easily  in  water,  and  give  off  the  greater  part  of  their 
water  of  crystallisation  over  oU  of  vitriol.  The  lead  ealt,  rOH«.NH«S0«)«Pb,  forms 
rather  large  reddish  six-sided  anhydrous  prisms,  slightly  soluble  in  cold,  more  freely 
in  hot  water. 

Orthamtdobenzenetulphonic  a cti,CNH'.SO'H.H* (Bemdsen  a. Limpricht 
loc,  cit. ;  Biihlmann,  lAebide  Annalen,  clxxvi.  807). — This  acid,  prepared  by  reouction 
of  orthonitrobenzenesulphonic  acid,  is  distinguished  by  the  beauty  and  variety  of  its 
crystalline  forms.  It  usually  separates  in  dull  white  crystals,  exactly  like  rhombo- 
hedrons,  sometimes  also  in  groups  of  thick  rhombic  tablets,  intergrown  with  trans- 
parent, colourless,  highly  lustrous  crystals,  some  more  isolated  and  consisting  of  four- 
sided  prisms  bevelled  at  both  ends  with  two  faces,  others  exhibiting  a  larger  number 
of  faces.  A  solution  decolorised  by  animal  charcoal  deposits,  after  standing  for  some 
time  in  a  dosed  vessel,  colourless  or  white  crystals,  and  the  mother^liquor,  concen- 
trated by  evaporation,  yields  crystals  of  a  pure  yellow,  or  light-red  to  brown-red,  and 
sometimes  violet  colour,  which  also  may  be  decolorised  by  animal  charcoal.  The 
crystals  of  rhombohedral  aspect  are  anhyilrous,  the  transparent  shining  prismatic 
crystals  have  the  composition  2C«fl*(NH«)(S0^H)  +  H«0. 

The  barium  salt,  (OH^NH'.SCj'Ba,  forms  rather  large  transparent,  colourless, 
oblique  four-sided  prisms,  with  oblique  end-faces,  anhydrous,  and  easily  soluble  in 
water. 

The  lead  sali,   (C«H*NH^.S0")«.2Pb  +  4H«0,   crydUllisos  iu  aaiall  shining    six- 
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nded  laminse,  or  in  laiger  prisms,  sparingly  soluble  in  "water  (Bemdaen  a.  lioip- 
richt). 

The  poiasHum  taU,  G*H«(NH*).SO*£  +  6H*0,  forms  large  eolomieM  well- 
defined  prisms,  veiy  soluble  in  water.  The  alver  salt,  CH^NB^JBD'Ag  (anhj- 
drons),  crystallises  in  slender,  brittle,  brownish  needles,  easily  soluble  in  hot. 
rather  sparingly  in  eold  water.  The  solution  when  heated  quiddy  tomi  dark  zed 
(Bahlmann). 

The  action  of  bromine  on  orthamidobenzenesulphonic  acid  gives  rise  to  the  forma- 
tion of  sulphuric  acid,  tribromaniline,  monobromamidobensenesulphonio  add  and  di- 
biomamidobenzenesulphonic  acid,  G*.SO'.NH*.BrJE.Br.H. 


Nitroparamidobengenesulphonie  or  Niirotulphanilie  aeid, 

is  produced  l>y  heating  the  corresponding  bromonitrobenzenesulphonic  acid  to  180^ 
with  alcoholic  ammonia.  It  is  a  yellow  unciystallisable  solid.  The  following  deri- 
vatiyes  hare  been  prepared : — 

Potagnum  salt,  C«H*(NH*XNO').SO*K  +  H^.— Warty  groups  of  indietinet 
yellow  crystals.  100  c.c  of  the  aqueous  solution  at  6°  contain  5*29  grms.  of  the 
anhydrous  salt.  

Jmnumwm  salt,  G*H'(NH!^(NOs).SO'NH«.— Anhydrous ;  resembles  the  potas- 
sium salt.     100  cc  of  aqueous  solution  at  6°  contain  1 3*44  grm.  of  the  salt. 

Barium  saU,  [C<H>(NH>XNO*)SCK]'Ba  +  2pK).— Deep  yeUow  laminse.  100 
cc  of  the  aqueous  solution  at  9^  contain  0'5168  grm.  of  the  anhydrous  salt. 

Lead  saU,  [C*H>(NH>)(m)*)SO^'Pb  +  2HK).— Broad  yellow  needles  groined  in 
tufts.  Decomposes  at  180^.  100  cc.  of  solution  at  6®  contain  2*087  grm.  of  the 
anhydrous  salt. 

Chloride^  C«H*(NH«)(NO«).SO*Ci.— Crystallises  from  ether  in  large light-ydlow 
transparent  rhombic  crystals  melting  at  50^-60°. 

Amide,  C«H»(NH«)(NO«).SO«NH«.— Crystallises  from  hot  water  in  li^t  yellow 
slender  needles  melting  at  165^-156^  (Goslich,  Liebi^s  Jnnalen,  dzzx.  108). 


(Sachse,    IMi^s   Jnndm, 

INH" 


Diamidohsnaenesulphonic  acid, 

^/' 

dzxxyiii.  148). — This  acid  may  be  formed  hy  reduction  of  the  corresponding  dinitzo- 
acid  (p.  225),  either  with  ammonium  sul|>hide  or  better  with  tin  and  hydrooUorie 
acid.  When  purified  by  recr^tallisation  it  separates  from  solution  by  slow  ooolii^ 
in  large  well-defined  rhombic  tablets,  by  more  rapid  cooling  in  yitreous  riiombie 
prisms  ofi:en  several  inches  long,  with  oblique  end-faces  which  reflect  light  totally ; 
from  very  strong  solution  it  crystallises  in  small  needles.  The  crystals  when  finish 
are  colourless  or  slightly  yellowish,  but  often  become  darker  coloured  on  expMOxe  to 
the  air ;  the  aqueous  solution  also  soon  turns  brown  and  afterwards  violet.  The  acid 
di&solves  easily  in  hot,  sparingly  in  cold  water,  and  is  nearly  iusoluble  in  alcohol  and 
ether.    When  heated  it  decomposes  without  previous  fhsion. 

The  aqueous  solution  of  the  acid  has  a  strong  acid  reaction  and  decomposes  caribo- 
nates ;  but  the  salts  which  it  forms  with  bases  aro  by  no  means  well  defined,  and 
solidify  in  coloured,  non-crystalline,  or  scarcely  crystalline  masses. 

With  the  stronger  acids,  on  the  other  hand,  this  diamido-acid  forms  well-charae- 
terised  salts. 

The  hydrochloride,  G*H'(NH^0*H.HC1  (anhvdrousV  separates  on  cooling  ttom  a 
solution  of  the  diamido-acid  in  hot  concentrated  hydrocnloric  acid  in  &int]y  reddish 
needles,  moderately  soluble  in  cold,  easily  in  hot  water.  The  stannoso-chlorida, 
C*H>(NH*)%0*H.HCl.SnCl<|anhydrous),  is  formed  in  .the  reduction  of  dinitrobemrae- 
sul phonic  acid  by  tin  and  nydrochloric  acid,  and  may  be  purified  by  recrystalliaa- 
tion  from  a  small  quantity  of  hot  water.  It  then  forms  small  colourless  shining 
needles  which,  when  exposed  to  the  air,  lose  their  lustre  and  turn  yellowish.  Th» 
aqueous  solution  reduces  mercuric  chloride,  and  gives  a  black  precipitate  with 
hydrogen  sulphide. 

The  hydrobromide,  C«H»rNH«)«SO«H.HBr  (anhydrous).— -Prepared  like  the  hydro- 
chloride.   Small  shining  reddish  prisms  or  long  needles. 

8itlphaies,'-lL)\Q  neittral  salt,  rO«H«(NH«)^0«HJlSO*H»  +  H«0,  is  formed  by 
heating  the  diamido-acid  with  sulphuric  &c\d  d\\\it^w\t1i  &\\  ec^l  volume  of  water 
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till  it  dinolTes,  and  amrates  on  cooling  in  colourless  shining  tablets,  which  becoma 
c^aqoa  irhen  remoTod  from  the  mother-liquid,  and  are  not  easily  freed  from  it,  oa 
aoeonnt  of  their  great  solubilitj  in  water. 

The  acid  salt,  C*H'(NH<}^0*H.SO«H>  +  iH>0.— Deposited  from  the  modMr- 
liqnor  of  the  preceding,  after  evaporation  and  cooling,  in  small  transparent  fo«r-ndid 
priiima. 

DiAiOBxiriBirBsnLPHONic  Acids,  G*H*N%0'. — ^Two  modifications  of  this 
acid,  the  mtta-  and  ariho-,  are  obtained  by  the  action  of  nitrons  acid  on  the  corre- 
aponding  amido-adds.    Thejr  are  represented  hj  the  following  formulse : 


B0» N 


Heta- 


BO" N 


Ortho-. 


Metaditufobengemetidphonio  acid  was  first  described  by  Meyer  a.  Stnber  {JMifft 
JbmaUn,  elxr.  165),  who,  however,  obtained  it  only  in  an  impure  state,  mixed  with 
amidobenaanesdlphonic  acid.  To  prepare  it  in  the  pure  state,  a  hot  concentrated 
•olution  of  metamidobenzenesolphonic  acid  is  left  to  cool  till  the  acid  bsgins'to  sepa- 
zmte  out,  and  a  rapid  stream  of  nitrous  acid  gas  is  passed  into  the  pasty  mass,  the 
crlinder  containing  the  acid  being  cooled  by  immersion  in  cold  water.  When  the 
liquid  becomes  clear,  which  shows  that  the  action  is  complete,  it  is  left  for  twen^- 
foor  hours  at  as  low  a  temperature  as  possible,  and  the  diazo-acid  is  separated  from 
the  supernatant  liquid,  f^eed  from  adhering  liquid  b]r  pressure  between  porous  tiles, 
aod  fiuiher  treated  while  still  moist  with  nitrous  add.  When  perfectly  d^,  it  is  a 
most  dangerous  body,  exploding  with  the  greatest  yiolence  even  when  stirred  with  a 
spatula. 

This  add  oiystallises  from  water  in  small  reddish-yellow  prisms  yery  soluble  in 
water,  and  decomposing  at  60^  with  rapid  evolution  of  nitrogen.  Absolute  alcohol 
does  not  act  upon  it  at  the  boiling  heat  under  ordinary  pressure.'  Heated  on  platinum 
foil  it  explodes,  leaving  a  porous  slowly  combustible  cinder ;  it  likewise  explodes 
when  struck  with  a  hammer.  It  is  decomposed  by  bydrobromio  add,  forming  meta* 
bmnobenaenesulphonie  acid,  C'Br.H.SO'H.H*,  together  with  a  bromophenolsulphonio 
add  (Bemdsen,  lAM^i  Annalen,  dxxyii.  88). 

Chrtiadiaeob&iufinetulpkanie  acid  is  formed  b^  passing  nitrous  add  gas  into  water 
in  which  the  finely  pulverised  ortho-amido-add  is  suspended,  the  pulverulent  predpi- 
tate  quickly  changing  to  laminar  crystals,  which  sparkle  brilliantly  in  the  bquid  as 
they  are  stirred  up  by  the  gas-stream.  Under  the  microscope  they  appear  as  rhombio 
plates;  and  larger  yellowish  crystals  of  the  same  shape  are  deposited  when  the 
liquid,  filtered  fnnn  the  tabular  crystals,  is  left  to  stand  in  the  cold.  The  cmtala 
detonate  sharply  when  heated  on  platinum  foil,  and  give  off  nitrogen  when  boiled 
with  water.  ,  xhe  acid  miied  with  hydrobromic  acid  and  evaporated,  is  converted  into 
orthobromobeuzenesulphonio  acid,  C'.Br.SO*H.H^  (Bemdsen  a.  limpricht,  ibid,  101). 

XranMunldobeiiBeneaiilphonlo  Adda.  (1.)  The  fMmobronwnat^d  acid, 
C^'Br(NH').SO'H,  obtained  by  redudug  the  ammonium  salt  of  nitroparabromoben- 
zenesulphonic  with  ammonium  sulphide,  forms  a  white  indistinctly  crystalline  powder, 
contaimng  1|  mol.  water  of  crystallisation  ;  sparingly  soluble  in  cold,  more  easily  in 
hot  water.  Its  barium  and  lead  salts  are  non-crystalline  powders,  nearly  insoluble 
in  water. 

On  heating  this  bromamidated  add  with  hydriodio  add  to  120^-180^,  the  bromine 
18  replaced  by  hydrogen  and  metamidobenzenesulphonio  acid  is  produced. 
Hence  this  bromamido-add  and  the  corresponding  bromonitro-acid  are  reoresented 
bj  the  following  formulae : 

80^  so»H 


/\ 


/\ 


fir 
p>broino*iii>iiitro- 
benMoenilpbonio  add. 


Br 
j)-teoino>m*amldo> 
bencenetnlphonfo  aoid. 


■>  #■ 


(Ooslich,  DefU,  Chem.  Oe».  Ber,  viii.  363 ;  Liebi^a  AnnaUn^  dixx.  100). 
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Tha/r«  and  cryalallima  in  oniaU  of  tliick  rhombic  tablon,  o  , 
liOD  from  dilute  BolutioaH  in  four-eided  priam*  contfuning  1  mol.  H'O. 
latl.  C'H'Br'NH'.SO'E  +  H'O,  fbrms  ensi\j  wluble  tmupareot  natidle*  w 
effloroKB.  TlioJoJiitntMW.C'H'flr'SH'.SO'.Na  +  H'O.crjstallisesonciOoli  „ 
"olutiana  in  largo  flat  ptismB,  whieli  efflar«Bce  on  eipoEitro  to  the  air,  uid  «ben  U 
tlie  mo! her- liquor  quickly  change  to  thick  ctyer&ls  nuembling  e^nam.  vlueh  d 
effloresce,  although  they  still  rctojn  1  mol.  vmUr.  It  ii  Iwa  <om£le  than  the  p 
eiiuD  lalt.  The  barium  taU.  (CWBt^ H.'SO')*Ba  f  HWO.  &niuniuiU  faioti;  reddiah 
priinia  noderalely  soloble  la  hot,  slightly  in  cold  wstei.  The  axMmm  tail. 
(C'H*BtWH'SO')'Ca.  cryatalliBBH  ia  concentric  Bronpe  of  needles,  moderately  lolablB 
in  water;  Ihe  Uad  ealt,{&E?Zt'TSE.'?.Q''f£h-*B.K>,  m  tufta  of  amoU  very  Balprianu, 
Bomowhst  sparingly  soluble. 

The  chloride,  C'H'Bc'NH'.SO'Cl.  nppeaca  to  bo  formed  ty  beating  the  ^Ukibm  i 
solta  with  phosphums  pontachloride,  but  tbe  residua  left  after  vosliiDg  wilh  walar  ] 
consiBls  merely  of  reproduced  dibromarthamidobeniBnesul phonic  acid.  1 

This  acid  hiu  the  couetitution  represented  by  the  first  of  the  following  rormnlw; 
far  when  treated  with  bromine  it  eicbaoges  the  group  SO^  for  Br,  and  ia  coaverted 
into  the  tribromaniline  represented  by  ths  second  formula  (ordinary  tribromanitiiie^; 
beace  also  the  dihromabonzenesnlphonio  acid  formed  by  ■ubstitBtion  of  R  loi  NH'  in 
thiasmidated  acid  muaC  have  the  aymmetrieul  oonatitutian  repreaested  by  the  thiid 
formula 


sea 


/\lfH* 

Brl.        Jar 


DibromonetamidobencinttulpkBnia  aoiiJ,  C*.SO'H.H.KH>,Br*S^-'WIiea 
2  moll,  bromine  are  added  to  a  hot  coocentrstad  aolation  of  the  melami do-acid,  amr 
violent  action  takes  place,  the  colour  of  the  bromine  disappeorB  immedistely,  and  the 
dibrominited  acid  ultimately  settles  down  na  a  sandy  preeipilate.  the  supernatajil  liquid 
etill  retaining  a  considerable  quantity  of  it,  which  may  bs  obtained  by  evapotatiaii. 

Purified  bj  recrystalHsatioo  from  hot  water,  it  forma   small    white   suhydn 
needles,  which  do  not  melt  when  heated,  anii  decompose  ooly  at  a  very  high 
tore.    It  is  but  sparingly  soluble  in  hot.  still  teas  iu  cold  water,  iasolnble  in  al 
ethor.  sonewhiit  freely  aolnhle  in  the  original  liquid  still  containing  hydrobti 

Thti  polatsium  tall,  C'ff'Br^NH'.SO'K  +  H'O,  forma  easily  solnbie 
lamiuiB.  The  inrisni  lall,  (G^'Br'SE'.SO'yBa  +  SWO.  forms  transparent  colonrlta 
monoclinic  prisms  oSUia  ssTeral  inches  long,  easily  soluhlo  in  water,  effloresciag  and 
falling  to  powder  on  oiposure  to  tho  air.  The  lead  lalt.  C'ff'Bflffl'.SO'J'Pb,  Ciysi*!- 
tises  to  moderaloly  soluble,  thin,  nacreous,  anhydrous  lamiuse  (Berndsea  a.  Limprieht, 
Licbi^t  Antialen,  clixvii.  81 ;  Beckurts,  ibid,  cluii.  213). 

An  acid  apparently  identical  with  tlio  preceding  is  obtained  (together  iritli  * 
tribromamido-acid)  by  tho  action  of  tin  and  hydrochloric  acid  on  the  nitrotiibmniobeB- 
Brmesulphonio  acid  represented  by  the  formula  C.S0'H.Br.N0'.H.Br3(  (p.  24T). 
This  dibroEDami do-acid  crysUillises  in  small  white  or  faintly  reddish  anbTdrons 
ocedles,  which  are  decomposed  by  h«at  without  previous  fusion,  are  but  alightly 
soloble  in  wiiter.  and  nearly  insoluble  iu  nJcoboL  Heated  to  120°  with  hydriodie  acid 
and  amorphous  phosphorus,  it  is  converted  into  Jfatamidobenienesulpiionio  acid.  lis 
polaiimtn  salt  forms  radiatfl  groups  of  microscopic  needles  cuntaiaing  l^H'O;  the 
oarimi  taXt  long  efflorescent  needles  containing  SH'O ;  tbe  Alciam  salt, 
microscopic,  very  soluble  needles,  with  2H'0 ;  the  Uad  tall  (anhydrous) 
nodular  groups  of  microscopic  laminEe.  All  these  salts  ore  eomly  soluble  in  wnt«r. 
Tho  (fia^-campound,  obtained  in  small  quuutity  by  the  action  of  nitrous  odd  on  the 
dibromamido-acid,  is  eonvertod  by  the  action  irf  concentrated  hydrobromio  acid  into  a 
tribromobenieoesulphonie  acid,  which  is  most  probabW  constituted  according  to  the 
tbrmula  C.aO'H.Br.Br.B:.Br.[[  (p.  240),  whence  it  follows  that  the  amidodibromo- 
bonzBaesnlphoaic  acid  may  be  represented  by  either  tho  first  or  tho  third  of  tW 
following  fonntilte.  the  trlbrominaled  acid  being  represented  by  tbu  second ; — 

Br^      Ma.-  Bik        >Br  MH'v       Jtt 

(Kauta,  Lieii^t  Annaltn.  ckxxvi.  ZHX), 


I 
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(8).  Dibromoparamidoben£en$sulfhonio  aoid,  CJ30'H.H3r.NH'.Br.H 
(Lens,  Jkui,  Chem,  Qis.  B&r,  Tiii.  1066 ;  Liebig's  Annalmt  clxzzi.  24).— This  add, 
obtained  bj  the  action  of  bromine  on  enlphamlio  acid,  oiystalliMfl  in  transparent 
obtnae  prisma  which  giye  off  their  water  of  crystallisation  on  ezposnre  to  the  air.    Its 

>N=:N 
tazhim  and  lead  salts  are  sparingly  soluble.    The  diago-eomjpound,  O'H^r*^         i 

farmed  by  passing  nitrous  acu^  into  the  alcoholic  solution  of  the  acid,  separates  in 
mierosoopie,  square,  colourless,  or  yellowish  plates,  'vdiioh  become  darker  in  the  air 
and  haye  a  bitter  taste. 

This  dibromamido-acid  is  oonyerted  by  treatment  with  excess  of  bromine  into 
ordinary  tribromaniline,  1:2:4:6  (NH*  in  1),  and  by  exchange  of  NH*  for  H 
(nction  of  nitrous  ether)  into  symmetric  dibromobenzeneeulphonic  acid ;  and  the 
diaao-componnd,  heated  with  hycbrobromie  acid,  yields  (1:8:4:5)  tribromobenaene- 
sulphonie  acid,  ^ese  transformations  demonstrate  the  constitution  of  the  dibrom- 
Mmido-aeid,  as  shown  by  the  following  figures : — 


60*H 


Br 


80^ 
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Br 
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(4).  Ami doparadibromobengenesulpk onto  act4  SO*H  :  Br :  Br :  NH*« 
1  :  2  :  5 :  X,  the  position  of  the  NH*  not  being  yet  determined.  The  nitro-add  ob- 
tained by  nitration  of  jxsradibromobenienesulpnonic  acid  yields,  by  reduction  with  tin 
and  hot  hydrochloric  add,  an  amidated  add  which  crystallises  from  strong  solutions  in 
delicate  white  needles  containing  O'fiH'O,  which  dry  up  in  the  filter  to  a  fdted  mass ; 
from  dilute  solutions  it  separates  in  prisms  haying  a  fkint  yiolet  colour.  It  decom- 
poaea  when  heated  aboye  160^  without  preyious  fiision,  disaolyes  sparingly  in  alcohol 
and  in  cold  water,  and  not  readily  eyen  in  hot  water.  Its  salts  are  yexr  soluble. 
The  potaanum  aaU,  C*H^r^5H^0'K,  separates  slowly  from  concentrated  solutions 
in  large  anhydrous  monodinic  taUets.  The  barium  salt,  [G*H^r^NH*)SO*]*Ba + HK), 
ezystallises  nom  ooooentrated  solution  in  groups  of  transparent  prisms,  which  turn 
reddish  in  the  air  and  dissoWe  easily  in  alcohol  Tbe  leadtaU,  [G'H*Br^NH')SO'l'Pb 
•f  8H*0(?),  forms  plumose  groups  of  small  white  needles  soon  turning  brown,  or  light- 
brown  pnsms. 

The  diaao-oompound  of  this  add  crystallises  in  light-yellow  prisms  which  detonate 
when  heated.  It  dissolyes  easily  in  water,  with  moderate  IkciUty  in  idcohol,  and  is 
^precipitated  from  the  alcoholic  solution  by  ether.  The  aqueous  solution  decomposes 
quickly,  the  alcoholic  solution  more  slowly.  By  the  action  of  concentrated  hydro- 
bromic  add  this  diazo-compound  is  conyerted  into  a  tribromobenzenesulphonic 
acid,  the  constitution  of  which  has  not  yet  been  determined  (Boms,  Liebirfi  AnnaUn, 
n,  362). 


TrfliroiiMUBildobeiimeneanlphonIo  Aolda,  C^HBr*(NH^.SO*H.  Of  these 
acids  three  are  known,  one  deriyed  from  ortho-  and  two  from  m^/a-amidobensene- 
hulphonic  add,  yiz. : — 
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1.  Tribromorthamidobeneenesulphonie  aoid  is  obtained  by  the  action  of 
tin  and  hydrochloric  add  on  the  corresponding  nitro-add,  which  is  formed  by  nitra- 
tion of  tribromobenzenesulphonic  add,  G*J30%NH*.Br.Br.Br.H.  It  crystallises  in 
tofts  of  colourless  or  slightiy  reddidi,  slender,  flexible  needles,  which,  under  the 
microscope,  exhibit  pointed  summits  or  oblique  end-faces.  It  dissolyes  easily  in 
water  and  in  alcohol  of  96  p.  c,  and  its  concentrated  aqueous  solution  giyes  predpi- 
tates  with  barium  chloride  and  lead  acetate.  It  easily  blackens  when  halted.  Its 
barium  salt,  [0«HBr*(KH*)SO^*Ba4-  l^HK),  dissolves  sparingly  in  cold,  easily  in  hot 
water,  and  cryatalliiea  on  cooliBg  In  colourless  lamine,  becoming  yellow  after  repeated 
eryrtallisation. 

The  dtaso-^ompomndoi  this  add  separates  from  a  well-cooled  eoneentratad  aqueous 
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loliition  88  a  colourless  povder  made  up  of  short  mieroeoopie  prisms.  From  aleoholis 
solation  it  separates  in  tofts  of  slender  microscopic  needles.  It  appears  to  be  per- 
manent in  the  dry  state,  and  explodes  'when  heated,  but  not  bj  percnssioii.  it  is 
moderately  soluble  in  water  and  m  alcohol,  and  decomposes  slowly  in  the  alfoholie, 
quickly  in  the  aqueous  solution  at  summer  temperature.  Strong  hydrobrcnnie  arid 
decomposes  it  on  prolonged  boiling,  forming  consecutiye  tetrabromobenwneenlphonie 
acid  (1:2:3:4:5)  (Lenz,  Liebi^B  AnnaUn,  olzxzi.  48). 

2.  Tribromometamidobengenesulphonio  aeid  (with  symmetrical bronine- 
atoms),  C80'H.Br.NH'3r.H.Br,  is  formea  by  the  action  of  tin  and  hydxoehlorie 
acid  on  a  well-cooled  solution  of  the  corresponding  nitro-acid.  It  is  usually  teeoB* 
panied  by  a  small  quantity  of  a  dibromamido-acid,  which,  at  higher  tempemtmct, 
forms  the  chief  product,  especially  if  the  action  be  prolonged. 

This  tribrominafed  acid  crystallises  in  long  slender  needles  harine  a  silky  Inikie^ 
moderately  soluble  in  cold,  more  soluble  in  warm  water,  slightly  soluble  in  aloolM^ 
Tt  has  a  slightly  astringent  taste,  blackens  when  heated  above  200°  in  a  test-tibs^ 
and  bums  on  platinum  foil  without  preyious  fiision.  The  concentrated  edntion  is 
precipitated  by  potassium  carbonate  and  lead  acetate,  but  not  by  chloride  of  bariun 
or  calcium. 

The  corresponding  diaz<heompoundf  which  ciystallises  in  microscopic,  rhomUe^ 
nearly  square  plates,  is  converted  by  boiling  hydrobromic  acid  into  a  coneeentiTs 
tetrabromobenzenesulphonic  acid,  C'.SO*H.Br.Br.Br.H.Br  (Beinke,  Liebu^s  Anmaim, 
clxxxi.  281). 

3.  Tribromometamidobeneenesulphonie  acid,  C*.S0'HJBr.NH'.H3r.Bp 
(with  unsymmetrical  bromine-atoms),  is  formed,  together  with  a  dibromamidated  acid 
(p.  232),  by  the  action  of  bromine  on  m-amidobenzenesulphonic  add.  The  two  adds 
may  be  separated  by  recrystallisation  from  hot  water,  or,  better,  from  boilins  *l^*9hflt^ 
in  which  the  tribrominated  acid  is  easily  soluble,  whereas  tiie  dibrominatea  add  ii 
nearly  insoluble.  . 

The  tribrominated  acid  crystallises  in  slender  colourless  needles  which  diasdre 
easily  in  hot,  much  less  eadly  in  cold  water  and  alcohol,  and  carb(mise  when  heated, 
without  previous  fodon.  Bromine  added  to  the  hot  aqueous  solution  throwa  down 
tetrabromoquinone.  

The  poUuHum  salt,  C«H6r%]^H^.S0*K  -h  HK),  forms  thin  nacreous  lamime  aasi^ 
soluble  in  hot,  sparingly  in  cold  water.  The  barium  salt,  [0<HBr*(N£^SO*l*Ba  -f  9H^, 
forms  small  shining  rhombic  plates,  easily  soluble  in  hot,  sparingly  in  cold  water. 

The  dicueo-compound,  formed  by  pasdng  a  rapid  current  of  nitrogen  trioxide  inte 
a  strong  alcoholic  solution  of  the  acid,  crystallises  in  small  ydlow  rhombie  taUss 
which  bum  vividly  when  heated  on  platinum  foiL  It  dissolves  with  red  eoloQr  in 
hot  water,  nitrogen  being  evolved ;  and  is  decomposed  by  boiling  alcohol  nndier 
sure.^  Hydrobromic  and  hydriodic  acids  dissolve  it  easily  (Beckvts,  JJebi^s  '- 
cbuod.  215). 

Tetrabromamidobenseneeialpbonlo    Aold« 

B 


ISB* 


+  2H*0,     foiBsd 

IBr 


by  reducing  the  corresponding  nitro-acid  with  tin  and  hydrochloric  acid,  eijBtallisss 
in  slender  microscopic  needles,  easily  soluble  in  hot,  less  soluble  in  cold  water  and 
alcohol,  and  charring  without  previous  fusion  when  heated  on  platinum  foiL  It  is 
not  converted  into  bromanil  either  by  bromine  or  by  chromic  add. 

The  poiassium  salt,  C«BrXNHn.SO*K+liH*0,  forms  nacreous  prisms  dightly 
soluble  in  water.  The  barium  salt,  [C<Br«(NH*)SO*]<Ba + H'O,  crystallises  in  lamina 
which  sre  sparingly  soluble  in  water  and  separate  slowly  again  from  the  solution.  The 
calcium  salt,  [C%r^NH')SO']Ga  +  7H^0,  separates  on  cooling  from  the  hot  aqueoos 
solution  in  laminae  having  a  satiny  lustre,  easily  soluble  in  hot,  sparingly  in  cold  water. 

/Br* 

The  diago-eompoufid,  C*  j  N=N,  obtained  by  passing  a  rapid  current  of  mtrqgsB 

trioxide  into  an  alcoholic  solution  of  the  amido-acid,  forms  microscopic  rhombie  tables, 
which  explode  feebly  when  heated.  It  dissolves  in  hot  water  with  decompodtioo, 
but  is  not  decomposed  by  boiling  with  alcohol.  Hot  hydrobromic  add  diesolTBB  it 
with  turbulent  evolution  of  nitrogen,  forming  pentsbromobensenesalphonie  add, 
C^r^.SO'H  (Beckurts,  Liebig^s  Annalm,  clxxxi.  225). 

Metbylamldobenmeneenlpbonlo    or    Methylanntneanlphonte    Aeldf 

C»ff^^^*^(G.  A.  Smyth,  Dfttt.  Chem.  Ges.  Ber.  1874,  1237).    Tbie  add  it 
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finmed,  together  with  metheoedisnlphonic  (methionic)  add,  CH'(SO'H)^  by  heating 
meihylaeetanilide  with  sulphuric  acid  to  140^-150^  as  lon^  as  acetio  acid  is  thereby 
eTolyed.  The  liquid,  diluted  with  water,  neutralised  with  barium  carbonate,  and  Altered 
while  hot,  deposits,  on  cooling,  a  white  crystalline  powder  consisting  of  the  barium 
salt  of  metiienedisulphonic  acid,  CH*(SO'H)',  formed  by  the  action  of  the  sulphuric  acid 
on  the  acetic  acid ;  and  the  mother-Liquor  contains  the  barium  salt  of  methylaniline- 
snlphonic  acid,  which,  when  freed  from  adhering  red  colouring  matter  by  repeated 
ezystallisation,  with  th6  aid  of  animal  charcoal,  forms  white  laminas  haying  the  com* 
ponticm  (C*H«.NHCH' J30*)*Ba  +  H<0.  The  free  add  forms  anhydrous  crystals 
wfaieh  decompose  at  182^  without  previous  f^ion.  With  bases  it  forms  well-crystal- 
lised, extremely  soluble  salts.  The  UadsaU  separates  from  aqueous  solution  in 
Biicrosoopic  crystals. 

Dimethylanilinesulphonio  aeid,   C'H^^^Asq  \  is  obtained  by  heating 

dimethylaniline  to  180^-190°  with  rather  more  than  the  equivalent  quantity  of 
sulphuric  acid,  till  a  sample  almost  ceases  to  give  a  precipitate  with  caustic  sodn. 
The  solution,  which  does  not  deposit  crystals  even  on  strong  concentration,  is  nentral- 
isad  with  barium  carbonate,  ana  the  acid  is  separated  from  the  resulting  barium  sait 
in  the  usual  wa^.  It  melts  with  decomposition  at  140^-150°.  It  is  not  altered  by 
faming  sulphuric  acid.  With  the  alkalis  and  alkaline  earths,  and  with  some  of  the 
heavy  metals,  it  forms  well-crystallised  salts,  all  of  which  contain  water,  and,  except- 
ing the  ammonium  salt,  are  all  easily  soluble  in  water,  sparingly  in  alcohol.  The 
copper  and  silver  salts  are  easily  reducible  (SmytheV 

atbylaniUBMiilpbonlo  Aeld,  C*H«<^^^^^\  is  formed  by  heating  ethyl- 
aniline  with  sulphuric  acid  to  190^  for  several  days.  Its  purification  is  difficult  and 
can  be  effected  only  by  repeatedly  precipitating  the  barium  salt  with  alcohol  and 
ether,  this  salt  being  thereby  obtained,  first  as  a  red  gummy  mass,  afterwards  as  a 
light  red  powder  havmg  the  composition  (C*H«.NHC'H».SO*)'^  +  2H<0.  The  acid 
itself  is  anhydrous  and  deoomposes  at  about  250^  (Smyth). 

Armstrong;  {JkUt.  Chem.  U-ea,  Ber.  vi.  66S),  Ij  heating  ethylaniline  with  sulphuric 
acid,  obtained,  not  the  acid  just  described,  but  only  amidobenzenesulphonic  (sulph- 
anilic)  acid.  Smyth,  however,  finds  that  when  the  ethylaniline  used  has  been  previ- 
ously purified  f^m  aniline  by  treating  it  with  sulphuric  acid  at  ordinary  temperatures 
till  aniline  sulphate  no  longer  separates  from  it,  and  it  gives  scarcely  anv  coloration 
with  chloride  m  lime,  it  yields  no  more  than  traces  of  sulphanilic  acid  when  treated 
as  aborre,  whereas  somewhat  laxger  quantities  of  sulphanilic  acid  are  obtained  from 
ethylaniline  which  has  been  purified  merely  by  fractional  distillation.  It  may  be 
oonduded,  therefore,  that  Armstrong^!  result  was  due  to  the  presence  of  aniline  in  the 
ethylaniline  employed. 

Diethylanilinetulpkonio  acid,  ^^^^akta      >  ^^  obtained  by  prolonged 

heating  of  ethylaniline  with  sulphuric  acid  to  200^-210°,  and  is  also  very  difficult  to 
purify.  It  was  obtained  as  a  readish  anhydrous  powder,  not  decomposing  at  250^. 
The  bmrium  ioU  has  the  composition  [0«H<.NrC«H»)«O"l«Ba  +  2H«0.  The  salts  of 
both  these  ethylated  adds  are  crystaUisable,  but  not  well  defined ;  the  silver  salts 
cannot  be  prepared,  as  they  are  too  eanly  reduced  (Smythe). 

XromobenBenesnlplioiiJlo  Aolds*  The  three  modifications  of  the 
monobrominated  acid,  G*H*Br.SO'H,  are  obtained  from  the  corresponding  amidated 
adds  by  treating  the  latter  with  nitrons  add,  and  heating  the  resulting  diasobenxene- 
sulphonic  acid  with  hydrobromic  acid  (Limprieht,  D0Ut,  Ckem,  Qts,  Ber.  viii.  4^6, 
1065 ;  Lidng^s  Armalm,  dxxvii.  92,  101). 

ParabTomohenM$n$8ulphonio  act'tf,  C.Br.H.H.SO'H.H',  prepared  in  this 
manner  fh>m  sulphanilic  acid,  is  identical  with  the  acid  obtained  oy  the  action  of 
faming  sulphuric  add  on  bromobenzene,  or  of  bromine  on  benzenesulphonic  ac:d 
(2nd  8u)ppl.  153).  According  to  Nbliing  (Dexii.  Chem,  Qes,  Ber,  viii.  352)  the  same 
modification  is  produced  by  passing  the  vapour  of  sulphuric  anhydride  through 
bromobenzene.  Armstrong  {ZeiUchr.  f.  Chem,  [2],  vii.  321),  by  treating  bromobenzene 
with  sulphuric  hydroxychloride,  S0*C10H,  obtained  a  bromobenzenesulphonic  acid, 
whose  barium  salt  crystallised  with  3  mols.  water ;  according  to  Nolting  a.  Wrseczinski, 
on  the  other  hand,  the  acid  thus  prepared  yields  a  barium  salt  which  crystallises  from 
hot  solutions  in  anhydrous  lamin» ;  and  by  slow  evaporation  at  ordinary  temperatures 
in  nodules  containing  2HK),  like  the  barium  salt  of  the  ordinary  acid  prepared  by 
treating  bromobensene  with  sulphuric  add. 

The  following  parabromobenxenesulphonates  are  described  by  0.  Goslich  {Detit, 
Chem.  Gee.  Ber,  viii.  352;  Li^s  AnnaUn,  clxxx.  93):— 


BENZENESULPHONTC  ACTDS   (UIBBOMO-I. 

Fra  add,  C'H'Br.SO'H.    DeliqoBscent  neodleg. 

Amtnonium  tall,  CH'Br.SO'N'B*.    Large  traaspaTent  priims. 
■n  lalt,  OfH<Br.SO>E.    Small  white  needles. 

Sariim  sail,  (0^'BrSO')*BH.     Large  gliBUming  plate*. 

Cdoium  laU.  {0*H'Bi60")K)ii  +  2H'0.    Wartj  (ufu. 

Lead  salt.  (CH'BiSO'J'Pb  +  2H'0.    Warty  plaUs.  _ 

According  to  Nolting,  the  lesil  antt  crTBtalliieB  fnim  S  hot  casccntrated  (olntion  i*| 
henuspbericnl  anhydroos  masscn  ;  tram  dilute  lolationi  in  rhombic  plat 
S  mok.  unter. 

The  c  h  1  or  i  d  e,  (G'H'BrSO'a),  oryBtallisi-s  from  ethec  id  ta^e  tisnipsrent  0711*1^  i 
resembling  aiinita,  and  moiling  at  lit". 

The  nmide,  CH'BrSOTiH',  fomfl  needlea,  tdelting  at  IBO°. 

The  potassium  salt,  cliatilled  iritb  di?  polannvm  fem>eganide.  jields  a  die, 
bensene,  C'H*(tN)',  which  cryBtalliaes  from  alcohol  in  baantiful  ihtning  necdli^  1 
melting  nt  3lfi°,  and  when  healod  to   160°  in  sealed  tnbea  with  hydrochloric  acitlltn 
completelj  resolred  into  ammonia  and  terephthalic  acid  (Limpricht). 

MctahromohfnitBeivlphooi:'  acid,  C'.Br.H.80^.H'  (Benuluii,  IaM^i 
Annalm,  durii.  82).— The  diaio-compoond  of  metamidobenzanesidphonio  add  niiied 
with  hjdTohromic  acid  and  evaporated  yields  a  miiture  of  metabromobenEeDanlphoirie 
•nd  pboDDlBulphonio  acids,  which,  whvn  neutralised  with  barium  earbonato.  paldi 
crysteU  of  bunom  metabromobetizeDesalphonato  and  a  non-cTyetnllisable  mothNx 
liquor  coDtaining  the  pheoolBulphonate.  ~ 

Accotding  to  A.  Thomas  iVad.  cIxtxti.  IS3),  this  nmido-ocid  is  more  aasily  pi 
pared  (as  firet  proposed  bjNolting)  by  the  action  of  bromine  on  silver  beon 
snlphonate.  Pnre  bsnaenesnl phonic  acid  is  neutralised  with  silver  carbonate,  i 
bromine  is  added  to  the  still  warm  filtrate  us  long  as  silver  bromide  ia  tbercb;  pi 
cipitated.  Onevapomting  the  filtered  liqniduver  n  water-bath  till  itnolongem  ' 
of  bromine,  then  osDtrabaing  with  barium  carl  '  '     " 

barinm  metabromobenoenesalphonate  separatee  01 
recryit&lliBation.  with  aid  of  animal  cbnrcool. 

The  fidlmring  metabromobenieaesulphonates  have  been  preparpd  : — 

Ammmitmt  mU  :  vary  easily  solnble,  vrartj  crygtalB. 

Potiarivm  moU,  C'H<Bt.SO>E + HK).    Smull  nodnlei. 

Barbm  taU,  (CTI'BrSO^'Ba  +  aHsQ  and  21H'0.    Small,  anow-whita  nodalai. 

Lrad  tall.  {CH'BrSO")'Pb  +  3H»0.     Eesembles  the  barinm  salt. 

The  chloride  is  an  oily  liqnid.  _  Ths  amide,  C'H'Br.SO'NH'.  crjstaUiBes  bo 
hot  water  in  slender  needles  or  shining  laminie;  from  alcohol  in  uiickcr  pmn 
MeitaatlfiSO-IGI^. 

Metabiomobenisneaiilpliomcacid,  fused  with  potash,  yields  resorcin.  It«paU^l 
sinm  salt,  distilled  with  dry  potassium  ferrocynnide,  yields  a  dicyanobenisniV 
which  QTyBtalliBes  in  nodnlai  gronpB  of  small  needles  melting  at  14T°.-118°,  and  cot*] 
reit«d  by  beating  wilJi  bydiDchlonc  acid  ia\a  isophthalic  acid  (Berndsen). 

OrfhobTomobentineiittphonic:  arid.  CBr.SO'H.lI'  (Berndsen  a.  Limpricht,  ' 
LUMt  AnnaUn,  clxxvii.  101 ;  Bahlniann,  thid.  clxixi.  203 ;  clxzxvi.  SIS). — "But 
acid  IB  obtuned  by  evaporating  tho  diozo-compoond  obtained  fiom  orthamidobcmnne- 
■olpboaic  acid  with  bvarobromic  acid  (b.  p.  136°),  and  may  be  poriHed  by  convarting 
it  into  a  potassium  salt,  treating  this  salt  with  phoaphoroa  pentachlorida,  OTMsllishlg 
the  resBlttn^  snlphochloride.  and  finally  decomposing  it  with  wat?r  at  110°-1C0-, 
The  free  aeid  i!T7stiillises  &om  concentrated  solutions  in  long  brown  deliqusscaot 
naedles  which  dibsolve  freely  in  alooboL  Its  nits  are  easily  aoluble  ia  water.  The 
aamimiam  tall,  0<U'6rSOVNH*),  fbnns  white  tabular  ccysUls.  The  polattium  $aU, 
C'U'UrSO'K  +  H'O.cryBtaUisesinfbui^aldedtableU.  TheiariMmra/t.CO'H'BrSOT'Bs, 
forms  email  prisms  or  small  needles  with  various  proportiona  of  water.  The  ealaiiim 
aall.  {CH'BraO')'Ca-t  KHH),  forma  small  white  tablets.  The  Uad  tott. 
[CH'BrSO'JTb  +  3 H'O,  crystallises  in  transparent  rhombic  prisms.  The  alueriak. 
C'H'BrfiO'Ag,  forms  whits  pearly  lamime,  which  decompose  slowly  on  expoiiim  to 
light. 

Thecb!oridB.C*H<Br£0'01,  solidiflsa,Bt  low  temperatorea,  anil  cryatollisw  & 
ether  in  tnlta  of  pointed  prisms  melting  at  51°. 

The  amide,  C'H'Br^O'NH',  forms  long  white  brittle  needles,  ■paringl7  aolnli 
in  water  and  melting  at  186°. 

I)tliroiiiotien>raieaalpbonlo  AoliI,  0*H^r'.BO*H.   Of  the  sii  poBstbls  1 

flcationa  of  this  acid,  five  bave  bean  obtaiuod.  and  the  structure  of  four  of  these  hM<] 
been  dttcrniined,  two  being  unsym metrical,  one  symmetrical,  ani)  one  coaipeutiT« : 


>Bt 
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1  3  3  4 

V"^'       =\/^      Y"^'      \/ 

j»-DiteQmobenmi»-  m-DitcomobenieQa-  o-DlbromotMOMoe- 

■nl^bonio  add.  solphonio  add.  lalphoxkio  acids. 

The  two  aniTmmetrical  modifications,  (1)  and  (8)  are  obtained  simnltaneonslj 
bj  the  action  of  bromine  on  the  mlTer  salt  of  metabromobenseneenlphonic  acid.  To 
piepaze  them,  bromine  ie  added  to  eilver  metabromobenzeneenlphonate  as  long  as 
■tWer  bromide  s^Mtfatee,  and  the  filtered  li^nid  is,  treated  with  barium  carbonate  and 
•Tapoiated.  A  mixtore  of  barium  salts  is  thereby  obtained,  consisting  chiefly  of 
moDobromobenaiHesnlphonate  mixed  with  ^Miradibromobonienesnlphonate  (1:2:6) 
and  a  small  quantity  of  ortAobromobenzenesulphonate  (1:8:4).  The  salts  of  the 
two  dibrominated  adds  are  deposited  in  comparativelj  large  dmses  on  the  hard 
aystals  of  the  monobrominated  salt ;  they  may  be  obtained  tolerably  pure  by  leviga- 
tioii  with  the  mother-liqnor,  and  Anther  purified  by  reerystallisiition.  To  separate 
the  eorxeaponding  adds  one  from  the  other,  the  barium  salts  are  converted  into  potas- 
■ivm  salts,  and  from  these  the  chlorides  C'H'Br'.SOKU  are  ^pared  by  the  action  of 
photphoras  pentachloride.  The  ethereal  solution  of  these  mixed  chlorides,  when  left 
to  er^xiXBte,  first  deposits  compact  crystals  of  jMirodibromobenzene  sulphochloride 
(bl  p.  71^)t  laaring  an  oily  mixture  of  this  compound  with  the  ortho- modification. 
for  ftLrther  separation,  these  chlorides  are  converted  by  the  action  of  ammonia  into 
amidss^  G^H'Bz'.SO^H',  and  these  are  separated  by  repeated  crystallisation  from 
water  and  dilute  alcohol,  paradibromobenzenesulphamide  (m.  p.  198^)  crystallising 
oat  firit^  and  afterwards  a  mixture  of  amides  melting  at  about  160^,  from  which,  l^ 
wpeatad  recrystallisation,  ^rf  A^ibromobenxenesulphamide  may  be  separated,  melting  it 
170^-171^  The  amides  heated  to  170^  in  sealed  tubes  with  hydrochloric  add  yield 
the  conesponding  adds. 

1.  Paradibromobengenesulplonie  aeid,  C'.80'H3rJ9[.HJBr.H  (Thomaiy 
LM^M  Jmnalm,  dxxxri.  129;  Hmpricht,  ^nd.  189;  Bahlmann,  ibid.  812,  821; 
Bonia,  ibid,  dxxxrii.  860). — This  aad  is  produced:  1.  By  the  action  of  fuming 
sidphnrio  add  on  paradibromobenaene.  This  is  the  process  by  which  it  was  first  pre- 
parod  {2nd  SuppL  268).  To  obtain  a  puro  product,  crystallised  paradibromobensene 
(m.  p.  89°)  is  mixed  with  twice  its  volume  of  fbming  sulphuric  add  in  a  loosely 
stoppered  flask,  and  the  mixture  is  left  for  eight  to  fourteen  days  on  a  sand-bath  at  a 
temperatoro  not  exceeding  100** ;  the  contents  of  the  fiask  are  then  poured  into  water ; 
the  solution  is  filtered  from  unattacked  difaromobenzene ;  and  the  latter,  after  washing 
and  dzying,  is  treated  with  taminf  sulphuric  acid  as  before.  The  strongly  add  solu- 
tion thus  obtained  often  deposits,  after  a  while,  crystals  of  the  dibromobenzene- 
snlphonie  add,  which,  alter  beinff  pressed  and  recrystallised,  are  quite  puro.  The 
nmaining  solution  is  nentzalised  with  lime,  straineid,  evaporated,  and  filtered  from 
gjpsnm ;  the  filtrate  is  treated  with  barium  chloride ;  and  the  barium  dibromobenzene- 
sufphonate  thereby  pndpitated  is  purified  by  recrystallisation  and  decomposed  by 
snli^urie  add  (Boms). 

2.  Together  with  orthodibromobenzenesulphonic  add,  by  the  action  of  bromine 
on  the  silver  salt  of  metabromobenzenesulphonic  add.  The  mode  of  separating  the 
two  dibrominated  adds  thus  produced,  by  conversion  into  the  chlorides  and  amides, 
has  just  been  explained.  The  para-acicf  is  obtained  by  heating  the  chloride  melting 
at  71^f  with  water  to  170^  in  sealed  tubes,  and  evaporating  the  resulting  solution  to 
a  syru^  consistence  (Limpricht). 

8.  By  the  action  of  concentrated  hydrobromic  add  on  the  diazo^ompound  of 
metabromorthamidobenzenesulphonic  acid,  CSO'H.NH^H.H.Br.H  (Thomas  a.  Bahl- 
mann), or  of  orthobromometamidobenzenesulphonic  acid,  C.80'H3r.H.H.NH'JI 
(Bahlmann). 

Paradibromobencenesulphonic  acid  crystallises  from  its  aqueous  solution  by 
evaporation  over  sulphuric  acid,  in  fine,  limpid,  non -efflorescent  prisms  containing 
8  mols.  of  ciystallisation-water,  eadly  soluble  in  water,  less  soluble  in  alcohol,  nearly 
insoluble  in  ether.  The  crystals  melt  at  about  98^  but  the  exact  melting  point  is 
diflcult  to  determine,  since  at  this  temperaturo  water  is  given  off,  and  then  the 
melting  point  rises.  On  prolonged  heating  to  98°,  or  a  few  degrees  above,  the  acid 
solidifies  to  a  light  brown  shining  crystalline  mass,  which,  in  contact  with  moist  air, 
takes  up  water  again,  and  then  melts  at  98°.  Of  the  8  mols.  ciystallisation-water, 
two  are  given  off  at  100°,  the  romainder  at  130°.    Theanhydrous  acid  melts  at  128°. 

The  following  salts  aro   described  by  Bonis:    C*IPBr».SO*(NH<),  anhydrous. 
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Ust  nnii  in  nlcohoL    On  lii 
viTdl  hours.  B  BouJl  qiuuiiiEr  «( 
bromine  ]a  girBQ  olT. 

O'H'Br'.SO'E  +  H'O.      So^rato!   by  slow   crjslallUBlion  iu  long  flat  priimii 

a  Bleadcr  needles.    BisBotres  easily  in  water ;  efSurvsces  alowly  in  llu  i^, 

and  cnunbles  to  povnler  when  dried  nt  a  higher  temperature. 

0'H'Br'.30'Nii+  l-SHK).    Slender  nsodles  haTing  a  satiny  Inslro. 
CH'Br'.SO'Ag  +  l'jHK).    White  prisms,  or  from  dilute  solutions,  long  p 
necdloB.  not  altered  in  the  dry  state  by  exposure  Is  the  air.     Diwolree  10  abovt  § 
jutrts  of  water  at  B'. 

(0'H'Br".SO")'Bii  ■■■  iH'O.  This  salt  CTystallisas  unclar  d 
with  various  proportions  of  water,  from  1  lo  7  moli. ;  hut  by  repeated  crnlaUiMia 
these  different  hydrates  are  for  the  most  part  converted  into  the  nuuiohyarale,  whiq 
eryitalliaes  in  Dscreous,  non -efflorescent,  rhombic  lamioK,  and  gives  off  the  whobl 
its  water  at  IiU°.  Limpricht  obtained  from  very  dilute  ralocioiu  Deedlea  oonli^ 
IjH'O;  fmin  stronger  solutions  lamlniE  with  IH'O.  Coneentricalty  gronped  neadb 
with  2H'0  have  been  obtained  l^Hubnn  a.  Williams  (2iu;  5u;>pl.  imliyB" 
and  by  Bonis.  Crystals  containing  3  mols,  water  were  obsorred  by  BaUou 
Tbomns  obtained  OTatals  contniniog  IJ  to  &  mols.  water.  The  barium  salt  whl( 
Boma  obtained  from  thn  dibromobBnsflneaulphonic  acid  prepared  from  tlie  dii 
compound  oF  amidobromobenzenesulpbonic  ncid,  contnined  6  mols.  water :  tiiey  w 
light  brown  prisms  and  hemiB[Jierical  groups  of  long  white  efflorescent  needles,  nh 
crumbled  to  a  white  powder  when  dried.  Finally,  Limpticht  found  TIPO  in  a  I 
which  wparated  from  a  dilute  solution  after  long  standing.  This  hydrate  fotn 
lo^e  transparent  rhombic  prisms,  apparently  made  up  of  flat  Ltmiac ;  tl 
were  very  brittle,  easily  tirenking  at  right  angles  to  their  axis  when  tonchi-d. 

(0^'Br%0')iCa+IOH-0.  Separates  from  concentrated  solutluna  in  Tery  lo| 
painted  needles  ;  from  more  dilute  solutions  id  laminie,  easily  soluble  in  wstar  a  ~ 
sJeobol.  The  ciystals  tflluresce  very  quickly,  cmmblinK  completely  in  powder  afUl 
few  days  eipoiure  lo  tho  nir.  Wolx  found  SUK)  in  this  salt.  Hiibuer  a.  WiIUm 
found  iH'O. 

{C'H'Br'aO")'Pb  +  SH'O.  Gwaps  of  faintly  yellowish  iaroin;c,  which  efflom 
slightly  on  long  exposure  to  the  air,  It  is  somewhat  sparingly  soluble  in  rati 
Imt  very  slow  iu  separating  from  the  solution.  Boms  also  olitaincd  a  lead  talt  wi 
*H"0.  which  ciysWlisod  in  flat,  limpid,  efflorwcent  needles. 

The  chloride,  C*H'Ilr^SO'Cl,  ciystallises  from  ether  in  well -defined  monodii 
(7)  tables  or  in  nacreous  lamtnse.     Melts  at  ;i°-73°. 


(3.)  Metadihromobentcnfiulphonic  acid  (1  !  3  :  A)  is  prepared  bam  ditirol 
moparamidDbonzeDeeulphonic  (dibramosnlphanilic)  Hcid.  0*.30'H,n.lIr.NH'.!%'.H,  aal 
from  dibromorthamidobensencsulrbonic  ac^id,  C.SO'n.NH'.Br.H.Br.H.  (pp,  331,  2il\ 
by  trabstitulion  of  H  for  NH*  (action  of  nitrous  ether).  It  Ibrma  a  er>-stalline.  cMJb 
Bolable  maa?.  Ila  salts  crystallise  well,  apd  are  for  the  most  |>art  sparingly  solnblsb 
water.    The  foUowing  hnvo  boon  eiaminod. 

CH'Br'.80'(NH'J.    Anhydrous  glistening  colourless  crystals. 

C'H'Br'.SO'K.     Largo  brownish,  anlivdroua  oryslala. 

(0'H'Br^O')»Ba  +  afU'O.     Long  yellow  neodles. 
C'H'Br'SO'V'Ca  +  3|H"0.    Small  huiagonal  plates. 

liyH'Br'SO^'Pb  +  I^U'O.    White       ' 

The  chloride,  CTI'Br'.SO'Cl,  fon 

The  amide,   C'H'Br'.SO'NH',  fo 

£..impricht,  Dent.  Chan.  Oti.  Bcr.  rii 
srndsen  a.  Limpricht,  tiirl  193). 


ipoe«d  of  microseopie  needles. 
large  well-defined  Crystals  melting  at  BT-i*, 
e  dazzling  white  scales,  melting  at  301*'! 
IDSOi   lenz,  Litbig'a  Aa-nalfn,  clixxi.  Uf 


Orthodibremobfmtnttvlphonie  acids.  (3.)  The  modific«tili% 
C.SO'H.H.Br.Br.IP,  is  obtained  as  above,  together  witb  the  para-acid,  by  the  attJM 
of  bromine  on  the  silrec  salt  of  UKfabromobenzeueBulpbonic  acid,  and  more  abnndatillf, 
without  the  formation  of  any  other  moditicntion,  by  the  action  of  bromine  on  the  silw 
salt  of  parabroraobenzenesolphonic  acid.  Ila  formation  from  these  two  modiA^atieM' 
of  monob>~imobeiuBneBulphonic  acid  establishes  its  constitution  (limpricht,  LM^a 
AimaUn,  clxxivi.  145  ;  Qoalich,  iiid.  1 48). 

By  converting  the  silver  salt  into  a  barium  salt,  decomposing  tlie  latter  ._. 
sulphuric  acid,  and  leaving  the  Sllmte  tt>  evaporate  over  sulphuric  acid,  the  free  audi, 
is  obtained  in  feltfld  groups  of  white  slender  needles,  containing  C'U'Br'jSO'H  -r  IH'O^ 
and  melting  at  6T°-a8°,  The  dehydrated  acid  obtained  by  heating  these  crysttU  to 
'"""  '-  !o  hygroecopie  that  i's  molting  piiul  cauDol  be  dourmittad. 
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The  fbUoving  salts  hare  been  prepared  :— 

C*H'Br'.SO'&.  White  indistinct  crystalB,  extremely  solnble  !n  "water,  less  soluble 
tn  alcohol,  and  separating  therefrom  without  water  of  crystallisation. 

C^H*Br*J5K)'(NH«).    White  felted,  anhydrous,  very  soluble  needles. 

(C"H'Br'^0*)^Ba.  Crystallises  mostly  in  thin  flat  tablets  containing  2H'0, 
sometimes  in  long  shining  needles  with  SH'O.  The  salt  (reckoned  as  anhydrous) 
d'ssolTee  in  about  25  pts.  of  water  at  16^. 

(C"H*Br%0')'Oa  (fuihydroos).  Thick  shining  laminss,  much  more  soluble  than 
tha  barium  or  lead  salt. 

(G«H*Bx^0*)7b  +  2HK).  Thin  white  laminsB  resembliug  those  of  the  barium 
salt ;  soluble  in  87  parts  of  water  at  8^  (reckoned  as  anhydrous). 

C'H'Bz'SO'Ag.  Long,  narrow,  lanceolate,  acuminated,  nacreous  needles,  sparingly 
soluble  in  water.         

The  chloride,  Oil*Br*.S0K)l.  is  obtained  by  heating  the  potassium  salt  to 
ISO^'-ISO^'  in  a  sealed  tube  with  1  mol.  FQ*  and  a  small  quantity  of  FOCI*,  and 
separates  from  ether  as  an  oil  which  remains  fluid  for  a  long  time,  but  solidifies  in  a 
fireesing  mixture,  forming  tufts  of  white  needles  which  melt  at  31^« 

The  amide,  C<H*Br'.SO'NH*,  forms  white  felted  needles,  Tery  slightly  soluble  in 
C(dd  water,  more  finely  in  dilute  alcohol,  melting  at  170^  (Qoslich). 

(4.)  The  eotueeutive  modiflcation,  O'.SO'H.fir.Br.H',  is  formed  by  passing  nitrous 
acid  Tapour  through  concentrated  hydrobromic  acid  containing  in  suspension  the 
oonesponding  diamidobensenesulphonic  acid  (p.  229) ;  heating  the  liquid  after  awhile 
to  the  boiling  point,  again  passing  nitrous  acid  through  it,  again  heating,  and  so  on, 
as  long  as  nitrogen  continues  to  escape  on  heating.  The  liquid  is  then  evaporated 
oTcf  the  water-^th  to  expel  the  excess  of  hydrobromic  acid,  and  the  residue  is  dis- 
solTed  in  water  and  neutraHsed  with  barium  carbonate.  A  dark-brown  barium  salt  is 
thereby  obtained,  which  may  be  decolorised  by  alternately  precipitating  the  barium 
with  sulphuric  acid,  and  neutralising  with  barium  carbonate,  till  the  salt  retains  only 
a  faint  reddish  tint,  and  remoyiug  this  by  four  hours'  boiling  with  animal  charcoal. 

The  free  acid  separated  from  this  salt  by  sulphuric  acid  remains,  on  evaporating 
its  solution,  in  rather  large,  transparent,  colourless  prisms,  which  deliquesce  very 
quicklyon  exposure  to  the  air.    Its  salts  are,  for  the  most  paort,  sparingly  soluble. 

C*H^r'.BO*K  crystallises  in  transparent,  colourless,  anhydrous  lammse  having  a 
mother  of  pearl  lustre,  and  slightly  soluble  in  water. 

(C^*Br%0*)^a+3il*0  crystallises  fVom  very  dilute  solutions  in  tufts  of  white 
eurred  needles ;  hot  concentrated  solutions  solioiiy  on  cooling  from  separation  of 
slendtf  needles ;  sometimes  also  the  salt  separates  in  small  white  nodules.  It  is  very 
slightly  soluble  in  water. 

(C^sBr^O')'Ca+  2HH)  separates  on  cooling  firom  a  hot  concentrated  solution  in 
white  granulo-crystalline  forms,  moderately  soluble  in  water. 

{CnS^Bi^G'fFh+ZRK),  Stellate  groups  of  white  needles,  crumbling  to  scales 
in  contact  with  the  air;  rather  sparingly  soluble  in  water. 

The  chloride^  C^Br^-SOH^l,  after  repeated  crystallisation  from  ether,  forms 
white  prismatic  crystals  melting  at  127^.  The  amide,  C*H'Br>.SO'NH*,  crystallises 
frt>m  slcohol  in  small  white  needles,  slightly  soluble  in  water,  easily  in  alcohol,  melt- 
ing and  turning  brown  at  215^. 

The  constitution  of  this  dibromobenzenesulphonic  acid  (and  of  the  diamido-  and 
dinitzo-aeids  from  which  it  is  derived)  is  determined  by  the  following  considerations. 
The  dinitro-acid  (p.  225),  being  formed  by  further  nitration  of  metanitrobenzenesul- 
phonic  add,  has  one  of  its  NO'  groups  in  the  meta-position  with  regard  to  the  SO'H  : 
consequently  the  dibromo-acid  formed  from  it  by  exchange  of  the  group  NO'  for  NH*, 
and  of  this  for  Br,  must  have  one  of  its  bromine-atoms  in  the  m^a-position  with 
regard  to  the  SO'H.  Now  the  only  dibromobenzenesulphonic  acids  which  have  one  of 
their  Br-atoms  thus  situated  are  1:8:6,  1:3:5,  1:3:4,  and  1:2:8  (see  dia- 
grams, p.  287).  But  the  first  three  of  these  are  known,  and  diflTer  decidedly  in  their 
properties  from  that  last  described ;  the  latter  must  therefore  be  represented  by  the 
conseeutiye  fbrmula  1:2:8,  and  the  corresponding  dinitro-  and  diamido-acids  by 
similar  formuls. 

The  following^  table  exhibits  a  comparative  view  of  the  melting  points  of  the 
chlorides  and  amides  derived  from  these  four  dibromobenzenesulphonic  acids : — 

Mdtlng  point  of 
80^    Br       Br  Chloride.  Amide 

18         6 71**  1930 

18        5 57-5*  208« 

18        4 340  175® 

12        8 127**  215« 

(5.)  A  fifth  modification,  in  which  the  positions  of  the  bromine-atoms  have  not 
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been  determined,  ie  obtained  by  treatingdibromometamidobenxenesnlphonie  acid(p.  232) 
with  nitrons  acid,  and  heating  the  refinlting  diazo>componnd  with  aleoh<4.  The  acid 
itself  is  syrnpj.  Its  barium  rait  crystalliees  with  2  and  2Axnols.  H*0 ;  the  calmiB 
salt  with  the  same  amounts  of  water.  The  chloride,  CfH'Br'.SOKTl,  forms  larse 
transparent  prisms,  melting  at  84^;  the  amide,  0'H*Br'.SO*NH',  czytUliiaes  in 
white  slender  needles  melting  at  188^-189°  (Limpricht,  Deut.  Ckem.  Gm.  Btt. 
viii.  1070). 

TribromobenmenesQlphonlo  Aelds,  G'H^r*.SO*H.  Of  the  six  powible 
modifications  of  these  acids  five  have  been  obtained,  and  the  stractnre  of  four  of  thos 
has  been  determined,  three  being  nnsymmetrical  and  one  consecative. 

80"H  80"H  SO'H  BO*H 

/^\  /^NBr  Br/^NBr  Br/\Br 


BiS.       JBt 


Bi' 


S 


\/ 


Br 


Br 


(1.)  The  modification  1  :  8  :  4  : 6  is  obtained  by  substitotion  of  Br  for  NH*  in 
dibromoparamidobenzenesnlphonic  acid,  C.SO'H.H.Br.NH'.Br.H  (p.  282^  whidi  is 
effected  dy  the  action  of  hydrobromic  acid  on  the  corresponding  diazo-componmL  It 
is  an  easily  soluble  CEystaUine  mass,  forming  for  the  most  part  sparingly  solmbla  salta 
The  following  have  been  examined : — 

C«H2Br«.S0«(NH«).    Glistening  microscopic  plutes. 

C<£D^r*.SO*E.    Shining  colourless  plates. 

(C*H^r*.SO')fBa  +  3HH>.  White  precipitate,  crystallising  firom  hot  water  in  thb 
red  needles. 

(C<H*Br*.S0*)H}a+2}H*0.  Slightly  soluble,  ciystallises  from  hot  watar  in  nz- 
sided  microscopic  needles  or  in  long  needles. 

(0«H«Br».SO»)«Pb  +  SjffO.    Precipitate,  crystallising  from  hot  water  in  prisma. 

The  chloride,  C'H'Br'.SOK/l,  crystallises  in  four-sided  prisms,  begins  to  toftsn 
at  123^  and  liquefies  at  127^. 

The  amide,  C'H'Br'.SO'NH*,  separates  froih  hot  water  as  a  white  erystalline 
powder,  melting  at  210°  (Lenz,  Dmt,  Chem,  Ges.  Bcr,  yiii.  1067 ;  Liebi^s  AimdUnf 
clxxxi.  29). 

(2.)  The  modification  1  :  2  :  8  :  5  is  produced  by  treating  symmetrical  dibromo- 

benzenesulphonic  acid  with  nitric  add,  replacing  the  NO^group  thus  introdnoed  by 

NH*,  and  wen  the  latter  by  Br  through  the  diazo-reaction.    Now  the  nitration  oSF 

symmetrical  dibromobenzenesulphonic  acid  might  give  rise  to  either  of  the  two  aitro- 

acids: 

80^  SO»H 


/\ 


/^\no" 


NO" 


fBt 


Br 


V 


Br 


The  first,  however,  treated  in  the  manner  just  described,  would  yield  the 
1:3:4:5  modification  of  tribromobenzenesulphonio  acid  just  described ;  but  the 
tribrominated  acid  actually  obtained  is  different  from  this,  and  yields  a  chloride 
molting  at  86°,  and  an  amide  which  decomposes,  with  blackening,  when  heated  above 
225°.  The  nitrodibrominated  acid  in  question  must  therefore  have  the  constitntioo 
C*.S0'J9[N0*.Br  H.Br.H,  and  the  tribromobenzenesulphonic  acid  formed  from  it  most 
be  represented  by  the  formula,  G*.SO*H.Br.Br.H.Br.H  (Lenz,  Liebi^s  JnitaUm, 
clxxxi.  39). 

The  same  modification  appears  to  be  formed  by  passing  nitrous  acid  yapoor  into 

concentrated  hydrobromic  acid  holding  in  suspension  the  amidodibromobennowal- 

phonic  acid, 

BO"H  BO*E 


/\ 


Br 


Br 


B,/\ 


or 


\/ 


ftra* 


"V- 


NH« 


produced  by  the  action  of  tin  and  hydrochloric  acid,  with  aid  of  heat,  on  nitrotribro- 
mobenzenesulphonic  acid  (p.  247),  the  exchange  of  NH»  for  Br  in  either  of  thflM 
dibrominated  acids  evidently  yielding  the  same  tribrominated  acid. 
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The  tribiomobenEenMiilphonic  acid  thus  produced  erystallises  in  concentric 
giwipi  of  long  needlee  easilj  solnble  in  water.  Itspotaanum  salt,  C*H%*.80% + 2H'0, 
lonnft  danling  i^te  concentrically  grouped  needles,  easily  soluble  in  water.  The 
barhmmUt,  (CH9r*S0*)>Ba  +  6HK)»  precipitated  from  the  solution  of  the  acid  by 
l»nnm  chlonde,  and  pvified  by  crystallisation,  forms  stellate  groups  of  white  needles. 
The  eaknum  salt,  (C*H*Br*SO')K:;a  -t-  5HK),  forms  tufbs  of  shining  needlee,  easily 
■oluble  in  water.  The  Uad  salt,  (C«H%r*SO')'Pb  +  4HK),  forms  white  silky  needles, 
eeii^[  soluble  in  water. 

The  chloride,  C*H'Br*.SO*Cl,  forms  thick  rhombic  plates,  melting  at  85*5^.  The 
amide,  O^B^r'.SO'NH',  is  a  ciystalline  powder,  which  blackens  at  220^-280^  and 
deoompoMB  at  a  lugher  temperature  (Knuth,  Idsbi^s  Annalen,  clxxxvi.  808). 

(3).  The  modifleatioD  1:2:4:6  is  prepared  by  heating  symmetrical  tribromo- 
bensene  with  fimiing  sulphuric  acid  in  sealed  tubes  laid  upon  a  steam-bath.  If  a 
higher  temperature  is  applied,  laree  quantities  of  sulphurous  acid  are  eroWed  ;  and 
erea  at  the  heat  of  the  steam-bath  the  formation  of  tnat  compound  cannot  be  quite 
prerented,  so  that  the  tubes  must  be  well  cooled  before  they  are  opened.  The  pro- 
duct* a  thick  black  mass,  is  poured  into  water ;  the  solution  filtered  from  unaltered 
trilnromobenzene  and  insoluble  products  of  the  reaction ;  the  filtrate  neutraUsed  with 
lime ;  and  the  resulting  calcium  salt  converted  into  the  barium  salt,  from  which  the 
free  acid  may  be  preps^ed. 

The  free  add  crystallises  in  slender,  easily  soluble  needles. 

The  following  salts  have  been  examined : — 

G*H^z*.S0'E4-H*0.  White,  silTery,  microscopic,  rhombic  tablets,  moderately 
soluhle  in  hot  water. 

0*H<Br'.SO*(NH«)  +  HK).  White  rhombic  tablets,  easily  soluble  in  cold,  still 
more  easily  in  hot  water. 

CfBO^'.SO'Ag-f  HK).  Concentric  groups  of  needles,  haying  a  faint  yellowish 
edoar. 

(0"H9r'S0'y(Ba+ 9H'0.  Colourless  or  faintly  reddish  shining  laminse,  appearing 
under  the  microscope  as  a  conglomerate  of  nearly  square,  sharply  defined  tablets. 
fflightly  soluble  in  cold,  much  more  freely  in  hot  water. 

(0'H*Br'SO*)*Oa  +  7HK).  White  silky  laminse,  in  which,  under  the  microscope, 
rhombic  scales  may  be  recognised ;  moderately  soluble  in  water. 

((yH^T*&(yy2h  +  9JSP0,  White  microscopic  rhombic  lamin»  haying  a  satiny 
lutre ;  slightly  soluble jncold,  more  easily  in  hot  water. 

The  chloride,  CH^r'.SGKJl,  forms  colourless,  transpareot,  thick  rhombic 
tablets,  yei^  easUy  soluble  in  ether,  melting  at  68^. 

The  amide,  CrH'Br'.SO'NH',  separates  from  aaueous  solution  as  a  yellowish-red 
powder,  in  which  under  the  microscope  slender  needles  may  be  recognised.  It  is  yeiy 
slightly  soluble  in  hot  water,  blackens  withoat  melting  at  210^-220®,  and  carbonises 
at  a  higher  temperature,  giving  off  a  white  sublimate  (Beinke,  JAthi^s  Annalen, 
elzzxvi.  271). 

(4\  The  conseeutiye  modification,  1:2:6:6  (SO*H  in  1),  or  1  :  2  :  3  :  4  (Br  in 
l)»  IB  formed  by  exchange  of  l^H*  for  H  in  the  tribromometamidobensenesulphonic 
a^  C^.SCHJur.NH' J[3r3r,  described  by  Bemdsen  and  Beckurts  (p.  284).  To 
effect  the  transformation,  the  tribromamido-add  is  first  converted  into  the  corre- 
sponding diaso-compound  by  the  action  of  nitrous  acid  on  its  alcoholic  solution, 
and  this  compound,  boiled  for  several  hours  with  absolute  alcohol  under  a  pressure  of 
400  nun.  of  mercury,  yields,  the  tribromobenzeoesulphonic  add,  which  may  be  obtained 
in  the  firee  state  by  evaporating  the  dear  solution  on  the  water-bath,  dissolving  the 
residue  in  water,  predpitating  the  filtrate  with  barium  chloride*  purifying  this  salt  by 
repeated  crystallisation  from  hot  water,  with  addition  of  animal  charoosi,  and  decom- 
posi^ff  the  barium  salt  with  dilute  sulphuric  add. 

T^e  tribromobenzenesulphonic  add  thus  prepared  crjrstallises  from  a  considerable 
quantity  of  a  concentrated  solution,  after  long  standing,  m  long  transparent  and  colour- 
less needles,  CH'Br'JSO'H  4-  HK),  which  ddiquesce  quickly  on  exposure  to  the  air, 
and,  dissolve  readily  in  alcohoL  By  decomposing  the  corresponding  chloride, 
C"EPBr>SO*Cl,  with  water  at  120^-140^,  an  add  is  obtained,  crystallising  in  step-like 
groups  of  limpid  rhombic  tablets,  and  yielding  a  barium  salt,  differing  in  its  quantity 
of  crystallisation-water  from  that  of  the  original  add.  The  acid  last-mentioned 
softens  below  100°,  melts  completely  at  that  temperature,  and  when  more  strongly 
heated  yields  a  sublimate  of  symmetric  tribromobenzene  (m.  p.  118*6°),  leaving  a 
black  tarry  reddue,  whence  it  might  appear  to  be  identical  with  that  described  by 
Beinke,  viz.  1:8:6,  SCH  (sspra),  but  the  salts  and  other  derivatives  of  the  two 
acids  differ  condderably  from  one  another,  and  moreover  a  sulphonic  add  with  its 
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three  bromine-atomB  in  the  reUtire  positionB  1,  3,  6,  oonld  not  rnj  eairily  be  temsd 
f^m  the  tribromometamidobenzenesolphonie  acid  abore  mentionad :  henoe  it  i»  man 
probable  that  the  formation  of  the  symmetric  tribromobenzene  by  the  deeoMpoiition 
of  the  tribromobenzenesolphonio  acid  under  consideration  is  dne  to  atomie  trsnaporitaoo. 

The  following  salts  of  this  acid  have  been  investig^ed : — 

C«H^r*.SCPK  +  3HK).  Shining  yellow  fern-like  groups  of  lamina^  emmblli^ 
into  rhombic  tablets  when  pressed. 

G'H^r>.SO*(NH«)  +  H*0.  Easay  soluble  white  rhombic  tablets  having  a  nUgrlosIn, 

(0<H*Br*SO*)*Ba+  8HK).  This  salt,  obtained  in  the  original  prepan^  of  the 
acid,  crystallises  in  large  shining  lamine,  perfectly  white  alter  treatment  with  aouMl 
chaztXMii,  and  soluble  in  about  200  ]parts  of  water  at  24^.  The  tabular  add  obtuaed 
by  decomposition  of  the  chloride  with  hot  water,  yields  a  bRrium  salt  which  oyital* 
lises  in  white  rhombic  tablets  containing  (C*H^r*SO')*Ba+  2H<0. 

rC"H*Br*SO*)K)a  +  8H*0  forms  light  yellow  needles  having  a  siUgr  lustre,  edloUe 
in  aoout  45  parts  of  water  at  23^. 

(0^^r*SO*)'Pb  +  6H*0.  Shining  yellowish-white  rhombic  lamime,  soluble  in 
about  67  parts  of  water  at  22'5°. 

C*H^r*SO*Ag  +  HH).  Tufts  of  long  white  needles,  easily  soluble  and  qmddj 
blackeninfi;  when  exposed  to  light. 

The  chloride,  C*H^r*.SO*Cl,  easily  prepared  hj  the  action  of  Pa*  on  the  potas- 
sium salt,  crystallises^rom  ether  in  colourless  rhombic  prisms  melting  at  84*6®. 

The  amide,  C»H*Br".80*NH*,  ci^stallises  from  alcohol  in  white  needto  hairing  a 
faint  silky  lustre,  sparingly  soluble  in  hot  water,  freely  in  alcohoL  It  turns  brmi 
at  220^,  and  volatilises  with  decomposition  at  228°. 

The  tribromobenzenesulphonic  acid  just  described  yields,  when  boiled  with  iCxtiig 
nitric  acid,  a  nitrotribromobenzenesulphonio  add,  G'HBr'(NO')SO*H,  which,  when 
treated  with  tin  and  hydrochloric  acid,  aided  by  continued  heating,  is  converted  into 
the  corresponding  amidotribromobenzenesulphonic  add,  CHBr^NH'XSO'H),  but 
when  acted  upon  by  the  same  redudng  agent  at  ordinary  temperatures,  yields  an 
amidodibromobenzenesulphonic  acid,  C*H*Bp(NH^SO'H). 

Further,  by  converting  the  tribromamido-acid  into  a  diazo-compouud,  and  treatiog 
the  latter  with  strong  hydrobromic  acid,  a  tetrabromobenaenesulphonie  ad£ 
G*HBr*.SO*H,  is  obtained,  which  crystallises  from  water  in  stellate  groups  of  needlas 
veiy  soluble  in  water ;  and  the  dibromamido-acid,  treated  in  like  manner,  yields  a  tri- 
bromobenzenesulphonic acid  different  from  that  just  described. 

The  tetrabrominated  add  is  identical  with  that  described  by  Beckurts  (p.  844), 
which,  as  shown  by  that  chemist,  has  most  probably  the  structure : — 

80«H 


Br/\ 


Br 


Br' 


\/" 


Consequently  the  tribrominated  acids  above  described,  which  are  derivatives 
benzenesulphonic  acid  (p.  234),  must  be  constituted  as  follows : — 

SO*H  aO'H  SO*H 

Br/^NBr  Br/^^NBr  B./Xbt 
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Lastly,  the  amidodibrominated  acid  derived  from  the  nitrotribrominated  add,  by 
substitution  of  H  for  1  at.  Br  and  exchange  of  NO'  for  NH*,  might  have  dther  of  tlis 
following  formulas: 

SOTBE  80*H  80*H 

Br/xBr  /    NBr  Br^^    \ 
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Br 
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NH« 


accordingly  as  one  or  other  of  the  bromine-atoms  in  the  tribrominated  add  is  replaaad 
bjH. 
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Of  thasa^  L  would  jield  the  tribromobensenesolphonie  acid,  GlSO'HJBr.H.BLBr.Br,  ' 
identical  with  the  one  last  described;  while  II.  and  III.  shonld  yield  the 
mad  (1  :  2  :  8  :  5)  or  C^.SO'H.Br.Br.H.Br.H,  identical  with  that  described  by  Lenz 
(p.  240).  The  tribzominated  acid  thus  obtained  does,  in  fact,  agree  with  Lenc's  acid 
m  the  character  of  its  chloride  and  amide,  but  differs  firom  it  in  the  amount  of  czyital- 
liiation-water  contained  in  its  potassium  and  barium  salts.  For  this  reason,  the 
stractnral  formula  H  :  2  :  3  :  5)  assigned  to  this  acid  must  at  present  be  regarded  as 
not  completely  established  (Knuth,  JUebig^s  Annalen,  clxxxvi.  290). 

(5).  A  fifth  tribromobenzenesulphonic  acid,  of  unknown  structure,  is  formed  bj 
heating  the  diaso-oomj^und  of  amidoparadibromobenzenesulphonic  acid  (p.  238)  with 
stfonghjdiohromie  acid.  The  resulting  liquid,  evaporated  down  and  neutralised  with 
barium  carbonate,  yieldsa  dartiiinsa/^  which,  when  purified  by  repeated  crystallisation, 
oystalliaes  in  yellow  prisms,  (0*H^r*SO')*Ba'f  2H*0.  It  dissolres  yery  slowly  in 
water,  bat  does  not  czystallise  out  again  till  the  solution  has  been  yeiy  highly  con- 
eentrated.  The  potas$ium  salt,  C*H^r*.SO'K  +  UHK),  forms  yellow  shining  prisms, 
sparingly  soluble  in  cold,  easily  in  hot  water. 

The  chloride,  C*H*Br*.SOK)l,  obUiued  by  heating  the  potassium  salt  to  130^  in 
a  sealed  tube  with  PCI*  and  POGl',  remained  in  the  solid  form  on  washing  the  pro- 
duct with  water,  but  separated  from  ether  as  an  oiL 

The  ami de,C*H^j30'NH^  obtained  by  heating  the  chloride  to  llO''  in  a  sealed 
tube  with  concentrated  ammonia,  forms  small  needles,  which  dissolve  without  much 
difBculty  in  alcohol,  begin  to  turn  brown  at  200^,  and  melt,  with  rapid  decomposition, 
when  heated  above  220^  (Boms,  lAeln^s  Annalen,  dzzxvi.  864). 

TctimlMpqmobmaonegnlphontc  Aold,  C*HBr^.SO*H.  Of  this  acid  there  are 
thne  modifications,  one  derived  from  each  of  the  three  tetrabromobenxenes,  viz. : — 

BOTa  SO»H  SO'H 

/    XSr  Br/    XBr  Dr/    NBr 

1  1^1  I     ' 

Br\        Jbt  \     yV.T  Brx        Jbt 

Br  Br 

(1).  The  modification  1  :  2  :  3  :  4  :  5  is  formed  from  tribromobenzenesulphonic 
acid,  0'.S0'H.HJfo.Br3r.H,  by  converting  this  acid  into  the  nitrobrominatea  acid, 
CSO'H.NO'^r.Br.Br.H,  this  latter  into  the  corresponding  amido-acid,  and  replacing 
the  NH'-group  therein  bv  Br  through  the  mediimi  cdf  the  diazo-compound. 

This  tetrabrominated  acid  is  a  crystalline  precipitate  which  separates  from  hot 
water  in  microscopic  plates.  The  harium  salt,  (OHBr^0*)'Ba  +  HK),  is  sparingly 
solnble  in  cold  water  and  crystallises  from  a  hot  solution  in  transparent  rhombic  needles. 
The  chloride,  CHBr^SOK^l,  crystallises  in  small  rhombic  needles  melting  at  120°. 
The  amide  is  a  crystalline  powder  melting  at  181°  (Lenz,  Liebi^sAnnaltn,cboad,  28). 

(2).  The  modification  1  :  2  :  3  :  4  :  6,  in  which  the  four  bromine-atoms  are  arranged 
nnsymmetrically,  is  formed  from  ^1:2:4:6)  tribromobenzenesulphonic  acid  (p.  241) 
by  a  series  of  processes  exactly  similar  to  those  by  which  the  preceding  modification 
is  obtained  from  the  tribrominated  acid  (1:3:4:5).  It  is  very  soluble  in  water, 
less  soluble  in  alcohol,  and  crystallises  from  aqueous  solution  in  needles  and  six-sided 
plates,  which  melt  when  heated  on  platinum  foil.  The  following  salts  have  been 
prepared: — 

C*lliJr*.SQ*K  (anhydrous).  Silky  microscopic  needles  or  prisms  easily  soluble  in 
water. 

0'HBr*J30^(NH*)  (anhydrous).  Prepared  from  the  calcium  salt  by  the  action  of 
ammonium  carbonate.     Faintly  reddish  shining  rhombic  plates,  eanly  soluble  in 


(0«HBHS0')*Ba+  l^H^O.  Microscopic  rhombic  prisms,  slightly  soluble  in  cold 
and  hot  water. 

(C^HBr^SO'yCa+SHK).  Delicate  fiuntl^  reddish  needles,  appearing  under  the 
microaoope  as  rnombic  prisms ;  very  soluble  m  water. 

(C«H«Br«SO*)>Pb+li  and  2H'0.  Obtained  by  saturating  the  acid  with  lead 
carbonate ;  separates  from  a  hot  saturated  solution  as  a  brownish  crystalline  powder 
made  up  of  microscopic  six-sided  prisms  containing  2H'0.  By  slow  evaporation, 
somewhat  larger  rhombicprisms  are  formed  containing  l^HH). 

The  chloride,  CHBr^JSO'Cl,  crystallises  in  stellate  groups  of  colourless  or 
fiuntly  brownish  laming,  easily  soluble  in  ether,  caking  together  at  85°,  and  melting 
completely  at  91°. 

The  amide,  CHBr.SO'NH',  separates  from  water  as  a  white  powder,  and  from 
alcohol  in  tufts  of  microscopic  needles,  slightly  soluble  in  water,  easily  in  alcohol, 
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blackens  at  260°  withont  preyioua  fdsion,  but  melts  on  platinum  foil  and  boms  away, 
with  preyioQS  emission  of  white  fames  (Beinke,  IAebi^9  Jnnalen,  clzxxrL  882). 

(8).  The  modification  1:2:8:6:6,  with  symmetrically  disposed  bzomine-atoni^ 
is  obtained  from  (1:2:6:6)  tribromobenzenMulphonic  acid,  in  the  same  tnaiinaff  m 
the  two  preceding  modifications  from  the  corresponding^  tribrominated  adds.  It  is 
easily  soluble  in  water  and  in  alcohol,  and  crystallises  in  stellate  groups  of  needles 
whioi  carbonise  without  melting  when  heated. 

The  potassium  salt,  OHBr^.S0*£  (anhydrous),  forms  small  white  needles  eanly 
soluble  m  water.  The  ammonium  saU,  C*HBr*.SO*(NH^),  forms  reddish  l^mitMi^ 
The  barium  salt,  (C*HBr«SO*)*Ba+  liHH),  forms  delicate  white  lamin»  (Beckwts). 
According  to  Knuth,  the  solution  of  the  acid  gives  with  barium  chloride  a  predintato 
which  dusolvee  in  hot  water,  and  separates  from  the  solution  in  fiiintfy  reddish 
needles.  The  edeium  salt,  ((yHBr^O«)«Ca  +  8H«0,  crystallises  in  tufts  of  white 
needles;  the  lead  salt,  (0'HBr^O>)*Pb -f  4HH),  in  small  prisms;  the  ss^ssr  soft; 
0«HBr^O*Ag+  l^HH)  (?)  in  small  hexagonal  prisms.  These  salts  are  all  spanqg^j 
soluble  in  coM  water  ^ednirts). 

The  chloride,  C*BBr^.SO'Cl,  crystallises  in  reddish  rhombic  plates  easily  soluble 
in  ether,  melting  at  91-6°  (Beckurts),  at  93°  (Knuth). 

The  amide,  CHBr^.SO'NH^  ciystallises  from  alcohol  in  white  miciosoopie 
needles,  slightly  soluble  in  hot  water,  easily  in  alcohol,  becoming  discoloured  at  8<M)° 
and  melting  at  a  higher  temperature  (Beckurts,  lAebi^s  Jnnalen,  cIttti.  217 ;  Knuth, 
ibid,  dxxxvi  282). 

VeBtabromobenseBeaolplionlo  Aold«  OBr^.SO'H,  formed  by  the  action  of 
hot  hydrobromic  acid  on  the  diazo-compoxmd  of  amidototrabromobenzenesnlphonie 
acid,  C^r\KH').SO'H  (either  modification),  crystallises  in  slender  lamin»  and  needlaB, 
which  dissolve  very  sparingly  in  water.  When  heated  to  180°-200°  it  evolves  sulpimr 
dioxide,  and  yields  a  sublimate  of  white  needles  (probably  pentabromobenzene),  leanng 
charcoal.    It  is  not  affected  by  boiling  with  the  strongest  nitric  acid  or  potash. 

The  ammonium  salt,  C*B^*SO'NH^  crystallises  ^>m  hot  water  in  white  lamine. 
The  potassium  salt,  C^r*SO*KHH),  forms  microscopic  quadratic  prisms.  The  barium 
salt,  (G^r»SO*)Ba.liH>0,  forms  delicate  laminse.  The  calciumsalt,lC^i*8G*yQ^iHH>, 
forms  white  prisms.  The  silver  salt,  CBr^SO'Ag.l^HH),  is  a  white  crystalline  powder. 
All  the  salte  dissolve  sparingly  in  cold  water. 

The  chloride,  C*Br>SOK^  crystallises  in  needles  which  melt  at  90°.  The 
amide,  CBr^CNH',  is  deposited  from  hot  water  as  a  crystalline  powder,  soluble  in 
alcohol.    It  blackens  without  melting  at  250°. 

VitrobromobeBxeBeaiilplionIo  Aolds,  C<H>BrN0*J30*H  (Goslich,  Xm6^s 
Annalen,  clxxx.  93  ;  Limpricht,  Deut.  Chem,  Oes,  Ber.  viii.  456).  faza-  and  mete- 
bromobenzenesulphonic  acid  are  converted  into  the  corresponding  mononitro-aeids  bj 
treating  their  barium  salte  with  the  strongest  nitric  acid,  decanting  the  liquid  from 
the  barium  nitrate  which  separates  out,  and  expelling  the  excess  of  nitric  acid  by 
evaporation  over  the  water-bath.  The  residue  may  Uien  be  converted  into  barinm 
salt,  and  the  other  salte  prepared  therefrom. 

The  following  teble  exhibits  a  comparative  view  of  the  salte  of  these  two  acids : — 


C«H^r(N0«).80«NH* 

Cra«Br(NO«).SO«K 

[C«H»Br(NO«)SO^«Ba 

[C«H»Br(NO«)SO«]K!a 

[C«H»Br(NO«)SO»]«Pb 


Para, 

Yellow  lamins,  decompos- 
ing at  180° 

Sparingly  soluble  yellow 
laminse 

+  l^HK).  Sparingly  sol- 
uble yellow  lammse 

+  2iH«0.  Nearly  white 
slender  needles 

+  2HH).  Nodular  groups 
of  yellow  needles 


Mela. 
Long  yellow  prisms 


+  3H*0.     Small    yellow 
prisms 

+  8H<0.    YeUow  nodules 


yUroparabromobensenesulphoehloride,  C*H*Br(NO*).SOK:)l,  erystallises  •  from  a 
mixture  of  ether  and  bensolin  in  yellow  prisms  melting  at  66°-67°.  The  ocRcqwud- 
ing  amide,  0*H'Br(NO').SO^NH',  crystallises  in  light  yellow  micaceous  lamina^  mslt- 
ingat  177°(Goslich). 

Ammonium  nitrometebromobensenesulphonate^  heated  to  180°  with  alodholie 
ammonia,  is  converted  into  the  corresponding  nitromeUimidobenrenesulpktmate^  and  fay 
treatment  with  ammonium  sulphiae  into  the  amidometOtbromobenMenendpkomati 
(Xiiffipricht). 
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Tlie  positioiit  of  the  nitio-gronp  in  the  two  adde  jnst  described  hare  not  been 
dekermined.  FaisbiomobenEenesalphonic  acid  can  give  riee  to  two,  and  metalnomo- 
bemenewilphonic  acid  to  four  mononitro-deriTatiyes. 

NitrO'OrthobromobenMenegulphonie  aeids, — Two  of  these  acids  are  formed 
by  diieet  nitration  of  orthobromobenzenesolphonio  acid.  The  dry  bromo*acid  is 
heated  in  a  porcelain  basin  with  the  strongest  nitric  acid,  and  as  soon  as  the  vioient 
reaction  is  over,  the  liqnid  is  eyaporated  to  dryness  on  the  water-bath.  There  then 
zemains  a  yellow  crystalline  residne  consisting  of  two  nitrobrominated  acids,  which 
Day  be  separated  l^  neutralising  the  mixture  with  barium  carbonate,  andrecrystallis- 
ing  the  resulting  barium  salts  several  times ;  at  first  yellow  needles  separate  out, 
causing  the  whole  to  solidify  if  the  solution  is  somewhat  concentrated ;  and  afterwards 
small  nodular  groups,  consisting  of  a  mixture  of  the  two  isomeric  acids^  which  may 
be  further  separated  by  evaporating  the  entire  mother-liquor  to  dryness,  drenching 
the  pulTerised  residue  with  warm  water  at  50^-60^,  and  filtering  quickly.  The  un- 
dissolTed  barium  salt,  reciystallised  with  addition  of  animal  charcoal,  separates  in 
white  nacreous  laminae. 

The  nitro-add  whose  barium  salt  crystallises  in  needles  is  formed  in  much  larger 


q[oantity  than  the  other,  and  has  the  structure  1 :  2  :  6,  or 


"^ 


The   yellow 


^°V 


needles  of  its  barium  salt,  which  separate  in  the  fibrst  instance,  may  be  rendered  per- 
ibctlv  white  l^  recr^stallisation  with  the  aid  of  animal  charcoaL  The  free  acid, 
obtained  by  decomposing  this  salt  with  dilute  sulphuric  acid,  and  evaporatingthe 
filtrate,  eiystallises  in  laige,  flat,  slightly  yellowish  prisms  containing  2  mols.  JE'O, 
▼ery  easily  soluble  in  water  and  alcohol.  The  ciystals  heated  to  110°  give  off  their 
water  very  slowly  without  fusion,  but  at  130*^-1 36°,  they  melt  and  give  it  off  veiy 
quickly. 

The  foUowing  salts  of  this  acid  have  been  examined : — 

0'H'Br(NO^O^NH*.    Slender  white  anhydrous  needles,  easily  soluble  in  water. 

The  potassium  and  sodium  salts  are  likewise  anhydrous,  and  resemble  the  ammon- 
ium n^kin  form  and  solubility. 

C"fl*Br(NO').SO*Ag.  Y^Aow  needles,  somewhat  sparingly  soluble  in  water,  and 
becoming  darker  in  colour  on  exposure  to  light. 

[OH*Br(N0>;j8(F|'Ba  +  6H*0.  Long,  ^ramifled,  white,  silky  needles,  easily  soluble 
in  hot,  sparingly  in  cold  water. 

JO»H«Br«(NO«)80»lH3a  +  4H«0.    White  shininff  needles  very  soluble  in  water. 
0>H*Br(NO^O*]^  +  7HK).  Well-defined,  &ick,  transparent,  colourless  prisms, 
y  soluble  in  water. 

ro«H«Br(NO«)SO*]*Pb  +  6H«0.    White  slender  needles,  easily  soluble  in  water. 
The  chloride,  OH>Br(N0*).S0*a.  forms  large  thick  rhombic  tablets  meltiDg  at 
42*».    The  amide,  C*H*Br(NO*).SO'NH>,  forms  white  shining  needles,  moderately 
soluble  in  hot,  sparingly  in  cold  water,  melting  at  205^. 

This  nitrobromobenzenesulphonic  acid,  reduced  with  tin  and  hydrochloric  acid, 
yields  an  amidobrominated  acid,  the  diazo-compound  of  which  is  converted  by  heating 
with  hydrobromic  add  into  paradibromobenzenesulphonic  add,  C*.S0'H.Br.H!.H3r.£[. 
The  reaction  shows  that  the  NH'  in  the  amido-add,  and  consequently  the  NO'-group 
in  the  nitro-ad^,  is  in  the  para-position  with  respect  to  the  Br :  hence  the  formula 
above  given. 

VitrodtbromobeiiB0Bosiilplioiilo  Aoids*  1.  Nitroparadibromoben' 
wenesulphonio  aeid,  G<H'BrXNO>).SO*H  +  1^H*0  (Boms,  Liebig's  Jnnalen, 
dxxxvii.  368).— This  add  is  obtained  by  bdling  paiadibromobensenesulphonic  acid 
in  a  retort  with  the  strongest  nitric  add  for  about  an  hour.  If  the  heating  be  stopped 
after  a  shorter  time,  or  if  the  operation  be  conducted  in  a  porcelain  dish,  part  of  the 
dibromo-add  remains  unaltered,  and  if  the  heating  be  longer  oontinue<C  dinitrodi- 
bromobensenesulphonic  add  is  likewise  produced.  As  soon  as  the  greater  part  of  the 
nitric  acid  has  been  distilled  off,  the  remaining  liouid  is  evaporated  in  a  basin  on  the 
water-bath,  the  yellow  crystalline  reddue  is  dissolved  in  water,  the  solution  neutnl- 
ised  with  barium  carbonate,  and  the  resulting  bariam  salt  cz^stallised.  This  process 
appears  to  yield  oiAy  one  nitroparadibromobenzenesulphome  acid,  although  three 
modifications  are  posnble.  The  podtion  of  the  nitro-group  in  this  acid  is  not  yet 
detennined. 

The  acid,  separated  b^  sulphuric  acid  from  its  barium  salt,  crystallises,  on  evapora- 
tion over  sulphuric  add,  in  small  light  yellow  veiy  hygroscopic  prisms,  which  dissolve 
easily  in  alconol  and  in  ether,  and  blacxen  at  100^  without  melting. 
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The  ammonium  salt,  C'H'^rKNO-).SO'NHH0-dH-O,  iormB  small  Umum  mod 
nodnlesy  whicli  dissolve  easily  in  -water,  alcohol,  and  ether,  give  off  their  water  of  ayi^ 
tallisation  at  131^,  and  decompose  on  prolonged  heating  to  150^.  Heated  -with 
alcoholic  ammonia  it  gives  off  part  of  its  bromine. 

The  po^a««tm«aZ^C«H«Br2(N02).SO«K  +  HK)  (2 JH*0),  according  to  Hnbner  a. 
Williams),  cxystallises  in  groups  of  yellow  needles  easily  soluble  in  water  and  in 
alcohoL 

The  barium  salt,  [C*H^r^NO>)SO*]>Ba,  like  the  corresponding  pazadifaromo- 
benzenesulphonate,  exhibits  a  marked  tendency  to  unite  with  different  quantiftias  of 
water.  With  1'5  mol.  HK),  which  is  the  most  usual  amount,  it  crystallises  in  jeUov 
shining  prisms,  easily  soluble  in  hot,  sparingly  in  cold  water.  With  dH'O  it  fbnns 
shining  yellow  needles,  like  those  of  the  potassium  salt,  or  nodular  groups  of  prisms ; 
with  9H'0,  small  yellow  nodules.  Williams  obtained  a  barium  s^t  with  S'dH^K) ; 
Limpricht  obtained  one  with  1  mol.  HK). 

The  calcium  salt,  [CH^r^N0')S0*]K;a+3H'0,  forms  light  yeUow  prisms  easily 
soluble  in  water  and  in  alcohoL 

The  lead  salt,  [C>H'BrVNO*)SO*]<Pb  +  3H^,  forms  yellow  nodules  easQy  folnUs 
in  water  and  in  alcohol,  dubner  a.  WilUiuns  obtained  a  lead  salt  with  2HK>,  wfaidi 
they  described  as  sparingly  soluble. 

The  chloride,  G*H<BrXNO*).SO^,  obtained  by  heating  the  potassium  salt  with 
PCP  and  POCl'  in  a  sealed  tube  to  120^  forms,  after  washing  with  water,  a  wiiita 
mass,  easily  soluble  in  alcohol  and  ether,  sparingly  in  light  petroleum,  and  separates 
from  the  ethereal  solution  as  a  thick  oil  containing  a  few  crystals  which,  hoirerer, 
could  not  be  separated  from  the  oil  sufficiently  well  to  admit  of  a  determinatioo  d 
the  melting  point. 

The  amide,  OH<Br*(N0*).S0<NH<,  is  also  difficult  to  prepare,  but  is  best  obtained 
by  heating  the  chloride  with  strong  ammonia  to  100^  in  a  seaLdd  tube ;  alter  repeated 
crystallisation  from  hot  water  and  alcohol,  it  forms  small  greenish-yellow  needks 
sparingly  soluble  in  cold,  easily  in  hot  water  and  in  alcohol,  melting  at  1 78^. 

2.  Niirometadibromobenzenesulphonic  acid. — The  add  produced  by 
nitration  of  symmetrical  dibromobenzenesulphonic  acid  has,  as  already  obserred 
(p.  240),  the  constitution  C*JSO*H.NO*.Br.H.Br.H.  To  prepare  it,  dried  and 
pulverised  barium  dibromobenzenesulphonate  is  added  to  nitric  acid  of  sp.  gr.  1'6  by 
small  portions,  so  as  not  to  produce  perceptible  rise  of  temperature ;  the  liquid,  after 
standing  for  twenty-four  hours,  is  decanted  from  the  precipitated  barium  nitrate; 
this  precipitate  is  drained  on  an  asbestos  filter;  and  the  liquid  is  ermoratad  on 
the  water-bath  till  the  excess  of  nitric  acid  is  completely  driven  off.  The  flympy 
residue  left  over  sulphuric  acid  deposits  a  few  crvstals  of  the  nitrodibrominated 
acid  in  the  form  of  colourless  elongated  tablets,  which  however  cajmot  be  completely 
separated  from  the  mother-liquor.  They  effloresce  over  sulphuric  add,  and  therefors 
contain  water  of  crystallisation  ;  they  are  not  hygroscopic,  but  dissolve  very  easQy  in 
water,  easily  also  in  alcohol  (of  95  p.c.),  and  in  ether.  The  dilute  solution  gives 
a  precipitate  with  lead  acetate ;  the  more  concentrated  solution  with  barium  chloride 
and  potassium  carbonate. 

The  following  salts  of  this  acid  have  been  examined : — 

0«ffBr»(N0^J30»(NH<)  +  H^O.  Obtained  by  neutralisation.  Forma  small  solid 
colourless  crystals,  easily  soluble  in  water,  sparingly  in  alcohol  of  95  p.e.  By  heating 
the  dried  salt  to  230^  with  alcoholic  ammonia,  it  appears  to  be  convertea  into  the 
ammonium  salt  ofbromonitramidobenzenesulphonic  acta,  C*H^r(N0')(NH')J3O*H. 

C«H«Br^NO*).SO«K  +  H«0,  obtained  by  neutralisation,  forms  delicate,  shining, 
colourless,  brittle  laminae,  appearing  under  the  microscope  to  consist  of  right-an^ed 
parallelograms ;  moderately  soluble  in  water. 

[C*H«Br«(NO«)SO*]«Ba+liand4H20.  When  the  concentrated  solution  of  the 
add  is  predpitated  by  barium  chloride,  and  the  predpitate  dissolved  in  hot  water, 
the  solution  on  cooling  first  deposits  yellowish  obtuse  rhombohedrons  containing 
l^H'O,  afterwards  thin  rhombic  plates  containing  4H'0 :  the  two  forms  are,  however, 
so  much  intergrown  that  complete  separation  is  impossible.  Both  are  but  sparing 
soluble  in  water 

[C«H«Br«(N6«)SCKl»Ca  +  3H'0,  obtained  by  neutralising  the  add  with  chalk 
and  leaving  the  concentrated  solution  to  evaporate  at  ordinary  temperatures,  is  a 
colourless  powder,  appearing  under  the  microscope  as  a  collection  of  small  laminn 
often  grouped  in  geodes;  easily  soluble  in  water. 

[C«H«Br*(NO«)SO«]«Pb  +  6H20  is  predpitated  by  lead  acetate  from  the  dilate 
solution  of  the  acid,  and  separates  from  solution  in  hot  water  as  a  colourless  powder, 
appearing  under  the  microscope  to  consist  of  geodes  of  ill-defined  laminae ;  sptfingly 
soluble  in  hot,  very  sparingly  in  cold  water. 

The  chloride.  C'H^r^NO-).SOKJl,  forms  transparent  colourless  nearly  rcct- 
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angular  pUtes,  rather  roarii^lj  soluble  in  ether,  softening  at  118^  and  melting  at 
121®.  The  amide,  0«H»Br*(NO*).SO«NH«,  is  formed,  with  violent  reaction,  by  heating 
the  chloride  with  strong  ammonia,  and  separates  from  hot  water  in  geodes  of  indis- 
tinct microscopic  crystals,  slightly  soluble  in  cold  water,  easily  in  hot  water  and  in 
alcohol. 

By  converting  this  nitrodibrominated  acid  into  the  corresponding  amido-acid,  the 
latter  into  the  diaao-compound,  and  heating  this  last  comjpound  with  concentrated 
hydrobromic  acid,  a  tribromobenzenesulphonic  acid  is  obtained,  having  the  unsym- 
metric  structure  1  :  2  :  3  :  5.  or  SO'H.Br.Br.H.Br.H  (Lens,  lAebi^a  Annalen,  dzxxL 
38-39). 

8.  NitrO'Orthodibromobengeneaulphonie  a ot<2  is  obtained  by  nitration  of 
orthodibromobenzenesulphonic  acid,  C*^0*H.H.Br.Br.H'.  The  latter  is  dehydrated, 
first  over  the  water-batn,  afterwards  over  an  open  flame ;  the  crystalline  cake  which 
reoiains  is  heated  in  a  capacious  retort  with  the  strongest  nitric  acid  till  the  excess 
of  nitric  acid  passes  over  colourless ;  and  the  remaining  nitric  acid  is  expelled  by 
evaporation  in  a  basin.  The  highly  concentrated  solution  solidifies  to  a  yellow  crys- 
tallme  mass,  hygroscopic  and  extremely  soluble  in  water.     • 

The  following  salts  have  been  prepared : — 

C*H^r^NOp.SO*NH«  (anhydrous).  Moderately  soluble  needles  having  a  deep 
yellow  colour. 

[0»H*Br«(NO*)SO*]*Ba  +  3BP0.  Faintly  yellow  needles  grouped  in  small  nodules ; 
easily  soluble  in  hot,  sparingly  in  cold  water. 

rC«H*Br«(N0»)S0»]Ca  +  4H«0  and  6HK).  Very  much  like  the  barium  salt,  but 
much  more  soluble  in  water.  CWstallises  for  the  most  part  in  nodular  groups  of 
Blender  microscopic  needles  with  4H'0 ;  sometimes  also  in  stellate  groups  of  long 
transparent  needles  containing  6HK). 

rC«H*Br^NO«)SO*pPb  +  8H«0.    Slender  needle-shaped  Ijght  yellow  needles. 

The  chloride,  C^»Br^N0«).80H:;i,  formed  by  heating  the  potassium  salt  with 
PCI*  and  POCl'  to  140®  in  a  sealed  tube,  crystallises  from  ether  in  small  needles, 
melting  at  980-99*.  The  amide,  C«H«Br^NO«).SO«NH«  forms  felted  groups  of  white 
slender  needles,  very  slightly  soluble  in  cold  water,  easily  in  hot  water  and  hot  alcohol, 
melting  at  210®-211®. 

Vitrotrtbromobensenesiilplioiilo  Aolds,  C*HBr"(NO*).SO*H.  Out  of  ten 
possible  modifications  of  these  acids,  the  three  following  are  known : — 

SO»H  SO"H  80^ 

/^   XNO"  Br/^XBr  Bi/^Xpr 

.a 

Br  Br 


^0« 


1.  The  first  modification,  produced  by  nitration  of  1:3:4:5  tribromobenxene- 
snlphonic  acid,  crystallises  from  its  concentrated  syrupy  solution  in  colourless  laminae, 
very  soluble  in  water,  easily  in  alcohol  and  ether ;  strong  hydrochloric  acid  precipi- 
tates it  from  the  aqueous  solution  as  a  crystalline  pulp. 

C«H(NO»)Br».SO>(NH*)  +  H«0  crystallises  in  small,  fiat,  datzling  white  needles, 
easily  soluble  in  water,  less  soluble  in  alcohol. 

C*HBr*(NO'),SO'K  +  H'O  separates  almost  completely  on  neutralising  the 
aqueous  solution  with  potassium  carbonate,  and  crystallises  from  a  hot  aqueous  solu- 
tion  on  cooling,  in  sandy  grains  made  up  of  microscopic  lamins. 

[OHBr»(N0*)S0«]*Ba  +  4H«0  is  obtained  by  precipitation,  and  crystallises 
from  hot  water  in  splendid  colourless  prisms  having  a  silky  lustre. 

[C«HBr^N0«)S0^KJa+8H«0,  obtained  by  neutraUsation,  forms  colourless 
microscopic  lamina  grouped  in  geodes. 

[OHBrXN0«)SOT*Pb  +  H»0,  precipitated  from  a  solution  of  the  acid  by  lead 
acetate,  and  reciystallised,  forms  a  white  powder  composed  of  groups  of  microscopic 
laminae. 

The  eUaride,  OHBr'(N0').S0'Gl,  forms  microscopic  ciystalline  geodes  melting  at 
116** ;  the  amide,  C*HBr"(NO«).SO«NH«,  is  a  crystallme  powder,  melting  at  202®. 

This  nitrotribrominated  acid,  treated  with  tin  and  hydrochloric  acid,  is  converted 
into  the  corresponding  amidotribrominated  acid,  which  crA'stallises  in  easily 
soluble  slender  needles,  and  forms  a  precipitate  with  barium  chloride. 

The  corresponding  diajfo-campound  crystallises  from  alcohol  in  colourless  needles 
and  when  decomposea  by  hydrobromic  acid,  yields  tetrabromobenzenesul phonic  acid 
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C*.SO*H.Br.Br.Br.Br.H  (p.  248),  (Limpricht  a.  Lens,  Deut,  Chm,  Gu.  Bw.  viiL 
1072, 1432 ;  Lenz,  iMbig's  AnnaUn,  clxxzL  41). 

2.  The  second  modification,  0*.S0'H3r.N0*.Br.H3r,  is  prepuad  Ij  boiliqf 
(1:2:4:6)  tribromobenzenesnlphonic  add  (p.  248)  with  the  8trooge0t  nitii* 
acid  in  a  retort  for  an  honr,  evaporating  the  solution  to  diyncM  orer  a  watar-batliv 
and  drenchinff  the  residue  with  water.  There  then  remains  a  yellowish  eiTitalUiie  eoat- 
pound,  probablj  0*.NO'.Br.Br.Br.H'  (p.  180) ;  and  the  aqueous  solution  whsn  enpo- 
rated  yields  the  nitrotribromobenzenesulphonic  add  in  stellate  groups  of  miozoaeopie 
needles  and  square  prisms,  easily  soluble  in  water,  somewhat  less  soluble  in  aloohol, 
sparingly  in  ether.  The  ciystals  heated  in  a  test-tube  mdt  somewhat  aboft  100®, 
and  turn  brown  at  160^ ;  on  platinum  foil  they  bum  away  rapidly.  The  aqtMOOS 
solution  gives  precipitates  with  barium  chloride  and  lead  acetate. 

OHBr*(N0*)J30'NH^  crystallises  in  concentric  groups  of  faintly  yellowish  aolnr- 
drous  needles,  appearing  under  the  microscope  as  nearly  rectangular  priami.  EaaUy 
soluble  in  water. 

OHBr>(N0*).S0^    Stellate  groups  of  easily  soluble  faintly  yellowiah  needlsa. 

[C>HBr\NO^SO*]^a+liHH).  I^ining  white  crystalline  powder,  mad*  vp  d 
microscopic  rhombic  tablets ;  sparingly  soluble  in  water,  hot  or  oold. 

rO'HBr^NO>)SO*]K}a+2H'0.  White  nearly  rectangular  mierosoopie  prims, 
easily  soluble  in  m^ter 

[G<HBr*(NO*)SO*]Fb+liHK).  White  shining  crystalline  powder,  oonmiti^ 
of  microscopic  rhombic  tablets,  very  soluble  in  water.  , 

The  chloride,  0>HBr*(N0').S0*01,  is  difficult  to  prepare,  and  was  only  ooee 
obtained,  by  treating  the  crude  product  with  light  petroleum,  as  a  solid  body  sijjanajg^y 
soluble  in  that  liquid,  and  turning  brown  at  180^  without  melting.  The  amide  is  a 
faintly  yellowish  crystalline  powder,  which  dissdyes  sparingly  in  water,  eadly  in 
alcohol,  and  turns  brown  at  210^  without  previous  Aision. 

This  nitro-add,  treated  with  tin  and  hydroddoric  acid,  yields  the  coirreipoDdiBg 
amidotribromobenzenesulphonic  add,  and  the  diazo-compound  prepared  thsarafram 
is  converted  by  hyorobromic  add  into  tetrabromobenzenesulphoinic  add, 
C>.SO'H.Br.Br.Br.HJBr.  (p.  248),  (Beinke,  JMn^s  Annaien,  dzzzvi.  278). 

8.  The  third  modification,  0«.SO"H.Br.N0'J33r.Br,  formed  similarly  to  the  pre- 
ceding, by  nitration  of  (1:2:5:6)  tribromobenseneeulphonic  add,  remaiiM,  on 
evaporating  its  aqueous  solution,  in  stellate  poups  of  yeUowish-white  mieravoo^ 
prisms,  which  deliquesce  on  exposuro  to  the  air,  dissolve  very  easily  in  alcohol,  less 
easily  in  ether.  When  heated  in  a  ^lass  tube,  it  yidds  a  sublimate  of  symmetiio  tii- 
bromobenzene  (by  atomic  transpodtion). 

OHBr^N0*).S0^+liHH).  Baduite  groups  of  white  shining  needles,  aaiily 
soluble  in  hot,  slightly  in  cold  water. 

[OHBr>(NO')SO*]Ba+10H>0.  Predpitate  dightly  soluble  in  hot  water,  and 
separating  slowly  therefrom  in  stellate  groups  of  yellow  needles,  which  may  be  de- 
colourised by  treatment  with  animal  charcoaL 

rOnBr>(N0')S0>]H)a  +  8|H*0.  Shining  white  microscopic  laminie^  aaiily 
soluble  in  water. 

The  chloride  forms  flat  rhombic  plates  with  truncated  angles,  turning  biows  at 
126^,  and  mdting  at  142^.  The  amide  crystallises  in  microscopic  yellow  needlss 
having  a  faint  silky  lustre ;  dissolves  easily  in  alcohol,  sparingly  in  water ;  tons 
brown  at  169°  and  mdts  at  175°. 

The  diazo-compound  of  the  corresponding  amidotribrominated  add  is  eonverted 
by  concentrated  hydrobromic  add  into  (1:2:8:6:6)  tetrabromobensenesulphoiiie 
acid  (p.  243). 

Vitrotetrabromobenaeneaiilplftoiile  Aold,  O.S0*H.Br.Br.N0'.BrJBr.  This 
add,  formed  by  nitration  of  the  tetrabromobenzenesulphonic  add  with  synme- 
trioally  situated  bromine-atoms,  is  the  only  one  of  the  three  poonble  adds, 
C*Br^(NO)'.SO"H,  at  present  known.  It  is  prepared  by  boiling  the  tetrabromiiiated 
acid  with  strong  nitnc  add  in  a  retort  for  a  considerable  time,  and  remains^  on 
evaporating  the  solution  over  a  water-bath,  as  a  yellowish-white  crystalline  sssidBS. 
After  redystallisation  firom  hot  water,  it  forms  yellowish-white,  shining^  bdttla 
needles  containing  4RK),  easily  soluble  in  hot,  less  soluble  in  cold  water,  soluble  also 
in  alcohol.    The  following  salts  have  been  examined : — 

C'BrXNO*).SO*(NH«)  +  H*0.  Separates,  on  cooling  from  a  hot  aoliition,  ai  a 
white  powder  made  up  of  fonall  platee;  soluble  in  about  92  parts  of  water 
at  11°. 

0^r«(NO').SO*E  +  liH<0.  Obtained  in  like  manner,  in  fine  prisms  having  a 
satiny  lustre,  soluble  in  about  175  pts.  of  water  at  10-5°. 
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rOBH(N0<)S0^*3*  -f  9H*0.  Small,  flat^  jellowish-wfaite,  very  brittle  priimf, 
■oliibl«  in  sbont  276  pta.  water  at  10*5^. 

[09rXNO*)80*]>Oa  +  8HK).  dyitalliflea  on  ooolinff  in  delicate  white  lamion, 
Tezy^gfatlT  sc^nble  in  water  (1  pt.  in  abont  637  pta.  at  6^). 

[0%^0*)SO*]*Pb  4-  9B*0,  Large  naereona  prisma,  very  elightlj  eolnble  in 
ynt&r  (1  ^  in  about  1670  pta.  at  6^). 

C"Br%NO')SO'Ag  +  HK).  Slender  white  needlea,  quickly  taming  brown  in  con- 
tact with  the  air. 

The  chloride,  OBr^O'.SO'Cl,  prepared  by  heating  the  potaasiom  salt  with 
the  ealeolated  quantity  of  PCI*  and  a  litUe  POu'  to  120*'-180^  (at  180^  hexchloro- 
benaene  ia  produced),  dyataUiaes  from  ether  in  delicate  white  rhombic  platea,  melting 
at  146^-147**. 

The  amide,  OBr^O'^O'NH*,  is  a  ciyetalline  powder  very  slightl^f  soluble  in 
water,  easily  soluble  in  alaohol,  and  crystallising  therefirom  in  concentric  groups  of 
miczoscopic  needles.  It  XMnains  solid  at  300°,  but  melta  to  a  dark  liquid  when  heated 
in  a  teat-tube  OTer  an  opaa  flame,  and  decomposes  at  a  higher  temperature  with  emis- 
aion  of  white  fumes  (Beckurts,  Liebi^a  Anmuen,  clzzxi.  220). 

OlftlorobeBmeBeaalplftOBlo  Aelds.  G*HHnJ90*H  (Limpricht,  Deut. 
Cktm,  Qt9.  Bet,  viii.  1070 ;  Goalich,  Liehi^s  AnndUn^  dzxx.  106 ;  Kieselinsl^,  ibid. 
108).  These  acids  art  formed  from  the  amidobenzenesulphonic  acids,  by  processes 
aimUar  to  thoae  sni^qyed  for  the  preparation  of  the  corresponding  brominated 
adds. 

Paraeklorobinsen€9ulphonie  acid,  C.S0*H.H.H.C1.H^  is  formed,  with 
erdution  of  nitiQgen,  by  heating  the  diaao-compound  of  paramidobenzenesulphonic 
add  with  atrooff  ^rdrochloric  acid.  The  syrupy  residue  left  after  expulsion  of  the 
hydrochloric  aeid  is  diluted  with  water  and  neutralised  with  barium  carbonate,  and 
the  impure  barium  salt  thus  obtained  is  converted  into  the  potassium  salt,  which,  on 
treatment  with  phosphorus  pentachloride,  yields  the  corresponding  chloride;  the 
latter  ia  conTerted  'by  ammonia  into  the  amide,  which  is  easily  purified,  and  when 
treated  with  hydrochloric  add  yields  parachlorobenzenesulphonic  add. 

The  htfium  and  lead  gaits  of  this  add  form  tabular  crystals  containiug  1  mol. 
water. 

The  ehloride,  C*HK?1.S0'01,  crystallises  in  flat  transparent  prisms  melting 
at  630. 

Tha  amide,  0*H«C1J30*NH*  forma  white  laminss  melting  at  148°>144'» 
(Goalich). 

This  chlorobenzenesulphonic  add  is  identical  with  that  which  was  obtained  by 
Otto  a.  Brunner  and  by  Gluts,  by  treating  chloxobenaene  with  Aiming  sulphuric  add 
(Is^  8tij)pL  274),  whence  it  appears  that  the  chlorinated  acid,  like  the  bromobensene-sul- 
phonic  add  obtained  by  dissolTing  bromobensene  in  sulphuric  acid,  is  a  para-compound. 
It  ia  true  that  theehlorobenseneralphonic  add  thus  formed  yields  resorcin  when  fused 
with  potash ;  but  it  has  been  shown  in  many  instances  that  this  reaction  cannot  be 
relied  on  for  determining  the  relative  podtions  of  the  substituted  radicles  in  aromatic 
compounds  (Limpricht). 

Meiaehlorobeneene$ulphonie  aeid,  C*.S0'H.H.C1.H',  is  formed  by  the 
action  of  hydrochloric  acid  on  the  diazo-compound  of  metamidobenzeneeulphonic  acid, 
and  imrified  in  the  same  manner  as  the  para-add.  The  pure  acid  crystallises  in 
pearly  lamina  and  tables  which  deliquesce  in  the  air,  and  disBolve  readily  in  alcohoL 
Ita  aalta  are  not  decomposed  at  200°.  The  potasnum  aaU,  0*H«C1.S0'E:,  is  veiy 
soluble  in  water,  and  crystallises  from  alcohol  in  white  shining  lamine.  The  barium 
•a^,(C^H?lJ30')>GBa-f-2H*0,  forms  shining  rhombic  plates  which  effloresce  in  the 
air,  and  dissolve  with  difficulty  in  cold  water  and  alcohol,  more  easily  in  the  same 
liquids  when  warm. 

The  ealeiufn  tali,  (C^*Gl.S0*)K7a  (anhydrous),  forms  white  rhombic  plates,  very 
easily  soluble  in  water,  less  soluble  in  alcohol.  The  copper  §alt,  (C*H*Cl.SO')K)u  + 
6H*0,  separates  from  its  aqueous  solution  by  slow  evaporation  in  transparent 
nacreous  prisms  very  eadly  soluble  in  water,  sparinglv  in  alcohol.  The  eiloer  salt, 
OHKILSO'Ag  (anhydrous),  obtained  by  neutralising  the  acid  with  silver  carbonate, 
Ibrma  highly  lustrous  rhombic  tables  and  lamine,  which  become  dark-coloured  on 
exposure  to  light,  and  are  very  soluble  in  water.  The  chloride,  C"HK?1.S0*C1,  is 
an  oily  liquid  which-  dissolves  easily  in  ether,  and  does  not  solidify  even  in  a  freedng 
mixture. 

The   amide,  C*HK)1.S0^H',  forms  large  transparent  tables,    easily  soluble 
in  alcohol,  ether,  and  hot  water,  sparingly  in  cold  water;  melting  at  148^  (Ei< 
linaky). 
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Orthoehlorobengenesulphonie  acid,  CSO'H.GLHS  is  obtaiiMd  by 
the  diiizo-compoimd  of  ortbamidobenzenesulphonic  acid  with  hydzoeKlorie  acid 
rated  at  0^,  in  a  flask  nnder  a  pTessure  of  300  mm.  of  mercury.  Its  cliloride»  pir»- 
pared  in  the  usual  way,  and  purified  by  solution  in  ether,  separatefe  therrfrom.  u  aa 
oily  liquid,  which  cannot  be  made  to  crYstallise  even  in  a  freering  miztiure ;  but  I7 
conyerting  it  into  the  amide,  purifying  this  compound  by  ciystallmatiqin,  and  hmtini 
it  to  180^  in  sealed  tubes  with  hydrochloric  acid,  so  as  to  re-convert  it  into  tliA  ad{ 
and  heating  the  potassium  salt  of  this  purified  acid  with  FCl*  and  FOQ',  a  cUorida^ 
O.SO'OLG1.H\  is  obtained,  which  easily  crystallises  from  ether  in  thick  colonilf 
prisms,  melting  at  28*6^.  The  amide,  prepared  from  this  solid  chloride,  malta  at 
188^  (Bahlmann,  Liebig*8  Annalen,  dzxxvi.  825). 

Ortliolodobenseneaiilplftonlo  Aotd«  C*.SO"H.I.H\  Ffepared  from  the  diaK>- 
compound  of  the  o-amido-acid  with  fuming  hydriodic  acid,  forms  a  potanium  mU, 
O.SO'K.I.H*  +  H'O,  which  crystallises  in  well-defined,  apparenuy  mmMwJmif 
crystals,  sparingly  soluble  in  water.  Its  barium  salt,  (CfH.*ISO*yBa^  crystaUiaef  in 
small  white  anhydrous  needles,  spcuringly  soluble  in  cold,  easily  in  hot  water.  The 
chloride,  C*.S0^01.I.H^  prepared  from  the  potassium  salt  with  F01\  GrystalliMi 
from  ether  in  thick  transparent  colourless  prisms  which  melt  at  61®.  The  amide, 
CJSO'NH'.I.HS  forms  thin  white  slightly  soluble  laminte  melting  at  17<^  (Bahlmaim, 
loc,  cit,) 

The  following  table  exhibits  the  melting  points  of  the  chlorides  and  amidea  of 
the  orthonitro-,  chloro-,  bromo-,  and  iodo-benzenesulphonic  acids,  as  determined  hf 
Bahlmann: — 

Orthonitrobenzenesulphonic 

Orthochlorobenzenesulphonic  .... 
Orthobromobenzenesulphonic  .... 
Orthoiodobenzenesulphonic 


Gbloilde 

67*> 

188® 

28-5° 

188*> 

61° 

186° 

6I0 

170° 

BeBzenedlanlplioBlo  AoldSt  C*R\SO*RY.  The  numotulphtmie  aad, 
G*H\SO"H,  heated  with  oil  of  yitriol,  is  converted  into  a  disulphonic  acid,  C«H«(80^, 
the  potassium  salt  of  which,  distilled  with  potassium  cyanide,  yields  a  digrenobenasne 
or  phenylene  dicyanide,  C*H*(CN)',  and  this,  when  distilled  with  an  alkali,  ia  converted 
into  the  corresponding  dicarbon-acid : 

^^  SO«i  ■*"  ^^^^  "  2S0»K«  +   C«H*(CN)« 

and  0»HXON«)  +  4HH)  =  2NH«  +  0»H*cOOH- 

Now  Wislioenus  a.  Brunner  found  that  the  dicarbon-acid  thus  produced  was  ter^hthaUe 
acid  (27id  Suppl.  152),  and  the  same  result  was  obtained  b^  Boss-Ghmri^  (Zeitsekr. 
f.  Chem.  V.  640),  whence  it  would  f^ear  that  the  disulphonic  acid  obtained  as  abort 
is  a  para-compound.  Barth  a.  Senhofer,  on  the  other  hand  {IMi^a  Annattm, 
clxziv.  238),  obtained  by  the  same  process,  not  terophthalic  but  isopnthalic  acid, 
from  which  it  would  follow  that  the  disulpho-acid  in  ^question  is  a  meta^oompoand. 
This  discrepancy  has  been  explained  by  the  experiments  of  V.  Meyer  a.  llucUer 
(Dent  Chem.  Ges.  Ber.  viii.  672),  and  by  the  further  experiments  of  Barth  a.  Senhofor 
{ihid.  754),  which  have  shown  that  the  dicarbon-acid  obtained  by  the  series  of  pr 
above  indicated  is  always  a  mixture  of  isophthalic  and  terephthalic  acids,  and 
quently  that  the  disulphonic  acid  formed  by  heating  benzenemonosulphonic  add 
sulphuric  acid  is  a  mixture  of  the  meta-  and  parabenzenedisulphonic  adds,  the 
or  the  other  prevailing  according  to  the  degree  of  heat  applied  and  the  doratk 
the  reaction.  At  the  commencement  of  the  reaction,  and  while  the  temperature  is 
paratively  low,  the  product  consists  mainly  of  ;ne^a-disulphonic  add,  but  if  the  action 
IS  prolonged  and  the  temperature  raised,  the  ^ara-acid  is  chiefiy  produced. 

Komer  a.  Monselise  {Gaze,  ehim,  ital.  1876>  p.  133)  prepare  the  two  benwnedi- 
sulphonie  acids  by  dissolving  2  pt«.  of  pure  benzene  in  3  pts.  of  a  mixture  of  oordinaiy 
(1  vol.)  and  fuming  (2  vols.)  sulphuric  add,  and  heatmg  the  product  with  thxee- 
fourths  its  volume  of  the  filming  add  to  200^-245®  for  three  to  fire  hours.  The 
black  mass  is  then  dissolved  in  water  and  neutralised  with  caldum  carbonate ;  the 
calcium  salt  is  converted  into  the  potassium  salt ;  and  the  solution  evaporated.  'Bj 
this  means  crystals  of  two  kinds  are  obtained,  which  must  be  separated  mechanicaDy. 
One  of  these,  potassium  m-henzenedimlphonate,  G*(SO'K)H(SO'E)H*  •(- HK),  fonns 
large,  colourless,  sharply-defined  prisms,  very  soluble  in  water,  but  insoluble  ia 
*lnrthol;  whilst  the  other,  potassium  p-bmsenedistdphonate,  (y(S0*K)B^8O'K)'EP  •¥ 
IB  obtained  in  ill-defined,  thin,  iridescent  plates,  less  soluble  in  water  than  the 
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flMto-compound.  The  acids  are  liberated  from  the  ^orified  potasBium  salts  by  adding 
a  QODsideorabla  excess  of  sulphuric  acid,  precipitating  the  potassium  sulphate  with 
alcohol,  and  finallj  removing  the  excess  of  sulphuric  acid  with  barium  hydrate. 
Both  acids  are  deliquescent,  crystalline  substances,  closely  resembling  each  other. 

Derivatives  of  p-BemmedisuIphonic  Add.  —  The  barium  salt, 
0^B0*.H.HJ30'.H*  +  HK),  forms  crystalline  crusts,  consisting  of  microscopic  needles, 

•—Ba-J 
much  lees  soluble  in  water  than  the  corresponding  m-compound.    The  lead  saU^ 
CJ30'.H.HJ30*.H'  +  HH),  forms  small,  granular  crystals,  whioi  under  the  microscope 

L-Pb-i 
are  resolyed  into  nodules  of  minute  needles.    This  is  also  somewhat  less  soluble  than 
the  cKcompound. 

The  chloride,  0».SO«Cl.H.H.SO*a.H»,  obtoined  by  the  action  of  PCI*  on  the 
potassium  salty  ciystallises  in  long  transparent  needles  melting  at  181^.  The  amide, 
C*.8O'NrH'.H.HJ30^H*.H',  crystallises  £rom  water  in  very  thin  scales,  and  from 
alcohol  in  plates  which  melt  at  288^. 

The  chloride,  treated  with  tin  and  hydrochloric  acid,  is  converted  intothiohydro- 
qui  none,  0*H^,  which  sublimes  in  lustrous  hexagonal  plates;  and  the  potassium 
nit,  distilled  with  potassium  cyanide,  yields  a  dicyanobenzene,  C*HXCN)',  which, 
when  boiled  with  caustic  alkali,  is  converted  into  terephthalic  acicL  These  two 
reactions  show  that  the  add  under  consideration  is  the  para-acid  (Eomer  a. 
Monselise). 

BenseBemetadlsnlplimilo  Add,  G*.SO*H.H.SO*H.H*,  may  be  prepared  by 
the  following  processes : — 

(a.)  By  treating  parabromobenzenesulpbonic  add  with  strons  sulphuric  acid, 
whereby  it  is  converted  into  a  bromobenzenedisulphonic  add,  whi(£  must  be  either 
the  ortno-  or  the  meta-modification : 

Br  Br  Br 

I 

BCH  80'H  80^ 

and  debrominating  the  lead  or  barium  salt  of  this  acid  bv  the  action  of  sodium- 
amalgam.  The  axnalgam  is  gradually  added  to  an  aqueous  solution  of  the  salt,  heated 
to  40^-46^,  and  neutralised  from  time  to  time  with  hydrochloric  or  sulphuric  acid. 
When  the  action  is  complete,  the  excess  of  alkali  is  exactly  neutralised,  and  the 
liquid  evaporated  to  the  crystallising  point.  Chloride  or  sulphate  of  sodium  then 
separates  out,  and  afterwards  the  bensenedisulphonate,  still,  however,  contaminated 
with  inorganic  salts. 

On  heating  the  benzenedisulphonate  thus  obtained  with  potassium  ferrocyanide,  a 
ayatalline  cyanide  is  obtained,  and  this,  when  saponified  l^  prolonged  boiling  with 
alcoholic  potash  in  a  flask  with  reversed  condenser,  is  converted  into  a  potassium  salt, 
which,  when  decomposed  by  hydrochloric  add,  yields  isophthalic  acid.  Conse- 
quently, the  benzenesulphonic  acid  obtained  as  above  is  metabenzenedisulphonic 
add,  C'.SO'H.H.SO'H.H*.  The  sodium  salt  of  this  add,  fused  with  potassium  hydrate, 
yields  resordn  (Nolting,  Deut,  Chem,  Gee.  Ber.  viii.  1110). 

(6.)  By  heatinff  benzenemonosulphonic  acid  with  an  equal  weight  of  fuming  sul- 
phuric acid,  till  white  fumes  begin  to  appear,  dissolving  the  resulting  brown  mass  in 
water,  saturating  the  solution  with  lead  carbonate,  and  decomposing  the  resulting 
lead  rait,  after  ^tration  from  lead  sulphate,  with  hydrogen  sulphide.  The  acid  thus 
obtained  may  be  purified  by  converting  it  into  the  potassium  salt,  and  decomposing 
this  salt  with  the  requisite  quantity  of  sulphuric  acid  (Barth  a.  Senhofer,  Deut,  Chem, 
Gee.  Ber,  viii.  147)- 

According  to  Heinzelmann  {Liebig's  Annalent  clxxxviii.  159),  the  best  mode  of 
proceeding  is  to  dissolve  benzene  in  a  retort  in  an  equal  volume  of  fuming  sulphuric 
acid,  then  add  another  equal  quantity  of  the  same  add,  and  heat  the  retort,  with  its 
beak  indined  upwards,  for  two  or  three  hours,  strongly  enough  to  fill  it  with  white 
vapours,  but  not  to  cause  these  vapours  to  escape.  The  thick  dark-coloured  mass 
thus  obtained  is  dissolved  in  water,  saturated  with  calcium  hydrate,  and  strained ; 
and  if  the  liquid  which  runs  through  is  very  dark-coloured,  part  of  it,  after  precipita- 
tion of  the  hme  with  sulphuric  acid,  is  boiled  with  lead  carbonate,  the  solution  of 
tha  lead  salt  is  added  to  the  rest  of  the  caldum  benzenedisulphonatiBt  and  hydrogen 
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•ulphide  is  passed  through  the  liquid.  The  lead  sulphide  thereby  predpitatad 
down  the  colouring  matters ;  and  the  colourless  filtratSt  fireed  from  lime  by  pnamtth 
tion  with  potassium  carbonate,  yields  on  evaporation  fine  ciystals  of  potaaniim  mb- 
senedisidphonate.  For  further  purification,  the  potassium  salt  may  be  ooiiTHtad  into 
the  chloride,  and  the  acid  regenerated  therefrom. 

(0.)  Fiom  the  dinitrobenzenedisulphonio  acid,  C^HXNO')XSO'H)F,  fbsmed  bjr  the 
action  of  a  mixture  of  strong  nitric  and  sulphuric  adds  on  metanitrobenaenewlphonic 
acid  (p.  228).  This  dinitro-acid  is  reduced  by  tin  and  hydrochloric  add  to  tfid  cos 
responding  diamido-acid,  and   the  latter  by  nitrous  aod  to  the   aoo-eoBipooDd, 

C*H*LaQ|v,[»  which,  when  boiled  with  absolute  alcohol  under  pressoxa,  is  ooofwted 

into  benzenemetadisulphonie  add  (Limprioht,  Deut.  Chem,  Ges.  Ber,  yilL  180). 

Benzenemetadisulpnonie  add  crystallises  with  difficulhr,  and  is  extremelT  dsli- 
quescent.  Dried  at  100^  it  has  the  composition  OHXS0'H)*+2iHH),  and  gives 
off  2  mols.  water  at  ISO^*.  The  potasnum  salt,  (>H«(S0*K)*4-H*0,  czystalliies  in 
large  oblique  four-sided  prisms  easily  soluble  in  water,  and  gives  off  its  water  of  crys- 
tallisation at  230^.  The  barium,  caldum,  copper,  lead,  and  sine  salts,  fonned  17 
neutralising  the  add  with  the  respectiTe  carbonates,  all  contain  water  of  cx^itallisi- 
tion,  which  they  gire  off  at  hiffi  temperatures,  and  are  all  freely  soluble  in  watsE. 
The  mlver  salt  is  anhydrous  (Bsrth  a.  Senhofer). 

The  barium  aaii,  C*(SO^H(SO*)H*  +  2HK),  ciystallises  firam  a  dilute  loliitkn  ia 

laige,  colourless  prisms,  which  are  sometimes  quite  tzanspazent,  whilst  from  a  coiie«- 
trated  solution  it  separates  in  nodules  consisting  of  colourless  needles.    The  lead  mU, 
0*(SO^H(SO*)H'  +  2HH),  appears  to  be  isomorphous  with  the  barium  salt.    Tbs 
i— Pb— 1 

copper  salt,    C^SO*)H(SO*)H'  •»•   6HK),   forms   blue   needles;  the   9odmm  soft, 

G^S0'Na)H(S0^a)H*  +  4HK),  ciystallises  in  colourless  needles,  and  the  miwium 
salt  in  small  colourless  prisms  (Komer  a.  Monselise). 

ThechloridcG^.SOKILH.SO'a.H*,  ciystallises  from  ether  in  laige  colouxlesi 
prisms  melting  at  63^ ;  the  amide,  C.SO<NH«.]LSO'NH*.H*,  in  needles  resemblii^ 
sublimed  benzoic  add,  and  melting  at  229^. 

The  chloride  treated  with  tin  and  hydrochloric  acid  yields  thioresorcin,aiid 
the  dicyanobenzene  obtained  by  distilling  the  potassium  salt  with  potassium  ^anids 
is  converted  by  boiling  with  potash  into  isophthalic  acid. 

Berlwatlwoa  of  Bensaneinetadinilplioiiio  Aold  (HeinselmaBn,  LUbigfa 
AmuUen,  dzxzviii.  160).  This  acid  yields  two  series  of  mono-substitution-dttivatiTii^ 
which  may  be  distinguished  as  a  and  /3. 

The  nitrobenzenedisulphonic  acids,  CH^NO^CSO'H)',  are  obtained  hj 
gradually  adding  2  vols,  of  the  strongest  nitric  acid  to  1  vol.  of  the  dehydrated  bsn- 
zenedisulphonic  acid  contained  in  a  tubulated  retort,  and  keeping  the  mixture  fbr 
eight  or  ten  hours  in  a  state  of  gentle  ebullition,  the  add  which  distils  over  bdng  pound 
back  from  time  to  time.  When  the  action  is  over,  the  excess  of  nitric  add  is  driven  off 
on  the  water-bath,  the  residue  is  dissolved  in  water,  and  the  solution  neotraliaed  with 
barium  carbonate  and- evaporated.  The  first  crystallisations  consist  of  needles  id  the 
barium  salt  of  the  a-add ;  the  next  of  these  needles  mixed  with  nodules  of  tlie  /?sah ; 
and  the  last  crystallisations  of  the  nodules  only.  These  salts  must  be  sepanted 
as  completely  as  possible  by  mechanical  selection,  and  then  purified  by  rmryiitftHiBft- 
tion. 

Bv  decomposing  the  purified  barium  salts  with  suljphuric  acid,  and  eTapontiBg 
the  filtered  solutions  to  a  syiufiy  consistence,  the  a-add  is  obtained  in  long  sleodflr 
deliquescent  needles ;  the  i§-acia,  after  long  standing  over  sulphuric  add,  in  small 
very  hygroscopic  crystals.  All  the  salts  of  these  adds  are  very  soluble  in  water, 
those  of  the  /3-add  being  the  more  soluble  of  the  two. 

The  amidobenzenemetadisulphonic  acids,  a  and  0,  C'B\JSW)(80^'Sf, 
are  formed  from  the  corresponding  nitro-acids  by  passing  hydrogen  sulphide  through 
their  ammoniacal  solutions.  The  liquid  filtered  from  suphur  is  evapraated  to  expel 
the  ammonium  sulphide,  then  boiled  with  baryta-water  till  all  the  ammonia  is  driven 
off,  and  the  barium  is  predpitated  by  sulphuric  add.  The  free  adds  thus  obtained 
are  separated  by  boiling  the  solution  with  lead  carbonate,  whereby  the  o-add  is  com- 
pletdy,  the  jS-add  only  half  predpitated ;  the  salts  whidi  separate  out  on  evi^xna- 
tion  (the  neutral  a-  and  the  add  /3-salt)  are  purified  by  reci^stallisadon ;  and  from 
these  salts  the  adds  are  obtained  by  means  of  hydrogen  sulphide. 

Tho  a-acid  crystaUises  from  very  couc«»utBai.ted  6ol\itlous  lu  colourless  thick  four 
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aad  nx-iided  prisms  containing  8  mols.  HK),  which  thej  do  not  giro  off  eith«r  in  the 
air  or  OTsr  sulphuric  acid.  It  dissolyes  easily  in  water  and  alcohol,  and  is  precipi- 
tated from  the  alcoholic  solution  by  ether.  The  /3-acid  separates  from  a  solution 
eraporated  to  a  syrup,  aad  left  over  sulphuric  acid,  in  nodular  groups  of  brownish 
mierosoopic  needles  containing  24H'0,  easily  soluble  in  water  and  in  alcohol,  decom- 
poaug  abore  120^ 

Tne^  aqueous  solution  of  the  a-acid  gires  with  bromine-water  a  precipitate  of 
fanmanil,  C'BrK)* ;  that  of  the  /3-acid,  treated  in  like  manner,  yields  a  copious  preci- 
pitate of  ordinary  tribromaniline.  From  these  reactions  the  constitution  of  the  a  and 
0  amido-deriratiTes — and  hence  that  of  the  Ditro-derivatiyes — may  be  inferred,  at  least 
with  great  probability.  The  deriyatiTes  of  Uiese  two  series  being  both  formed  from 
bensenemetadisulphonic  acid,  the  only  possible  formuIsB  by  nhich  they  can  be  repre- 
sented are  the  three  following  :— 


60^ 


L 


80^ 


n. 

V 


!bo^ 


NH' 


80>H 


Now  the  experiments  of  Bemdsen  and  Beckurts  on  the  amidobensenesulphonic 
adds,  CH^H'.SO'H  (p.  226),  haye  shown  that  the  crtho-  and  para-compounds 
treated  with  excess  of  bromine  yield  tribromaniline,  whereas  the  meta-compound 
yields  bxomanil.  Hence  it  may  be  inferred*  as  most  probable,  that  the  a-amido- 
benxenedisnlphonic  add,  which  is  conyerted  by  bromine  into  bromanil,  has  the  con- 
stitution represented  by  the  figure  III.,  in  whidi  both  the  80'H-groups  are  in  the 
.meta-poeition  with  respect  to  the  NH*. 

The  i9-amidobenzenedi8ulphonic  acid,  on  the  other  hand,  is  conyerted  by  excess 
of  bromine  into  tribromaniline  (NH'  :  Br  :  Br  :  Br  »  1:2:4:6),  which  might 
be  formed,  without  any  transposition  of  atoms,  from  either  of  the  compounds  I  or 
n,  by  exchange  of  the  two  SO*H-groups  and  of  1  at.  H  for  bromine.  Chf  these  two 
ibrmuls  Heinzelmann  giyes  the  preference  to  II,  which  is  that  of  Hoftnann's  disul- 
vhanilic  add  (formed  by  the  action  of  fuming  sulphuric  add  on  sulphanilic 
[p-amidobenzenesuli^onic]  add.  and  conyerted  by  exchange  of  NH'  for  H  into  meUi- 
amidobenzenedisulpnonic  add),  inasmuch  as  disulnhanilic  add  is  also  conyerted  by 
excess  of  bromine  into  ordinary  tribromaniline,  and  resembles  the  /3-amidobensenedi- 
snlphonic  add  in  other  respects. 

DiaMihderivatives,  C*H'.N'.(SO'H)*.— These  adds  are  fbrmed  by  passing 
nitrous  add  through  Uie  solutions  of  the  amido-acids  in  strong  alcohol,  and  are  pre- 
dpitated  from  their  alcoholic  solutions  by  ether  in  the  form  of  oily  liquids,  whidi 
solidify  oyer  sulphuric  acid,  the  d-add  to  a  orstalline  pulp  of  slender  needles,  the 
3-add  in  small  nodules  which  absorb  moisture  trom  the  air  and  decompose. 

The  neutral  salts  of  these  acids  haye  not  been  obtained:  the  add  salts, 
C*H'N*(SO^(SO'H),  are  produced  by  the  action  of  nitrous  add  on  the  add  salts  of 
tlia  ecrresponding  amido-adds.  They  mostly  crystallise  well,  and  swell  up  strongly  when 
heated  on  platinum  foil,  leaying  a  difficultly  combustible  cinder.    The  a  and  /3  salts 


distinguished  chiefly  by  their  crystalline  forms. 

These  diaao-acids  appear  to  haye  the  constitution  represented  by  the  formula 

C"H^=N=N,  deriyed  from  that  of  the  amido-adds,  CH'^NH*,  by  substitution  of  a 

\SO»H  \80»H 

triyalent  nitrogen-atom  for  the  2  at.  h^rdrogen  of  the  NH'  and  1  at.  of  hydrogen  f^m 
the  bensene-residue,  C^H",  the  other  nitro^;en-atom  becoming  quinquiyalent. 

The  following  table  giyes  a  comparatiye  yiew  of  the  prindpal  properties  of  the 
salts,  dilorides,  and  amides  of  the  nitro-,  amido-,  and  diaso-deriyatiyes  of  the  a  and  0 
series: 

DerivaHvea  of  Bemene-^n-^uulphcnic  aeid. 


NUro-denvaHtm : 
C«H'(N0'XS^>*H)«+4pHK).      . 

C*H\NO')(SO»NH*)*  (anhydr.) 


Slender,  deliquescent 
needles,  yery  sduble  in 
water. 

Yellowish  flat  prisms, 
with  oblique  end-fnce. 


Small,  yery  hygroscopic 
crystals,  more  soluble 
than  a. 

Nodules  and  crusts  of 
small  prisms. 
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Derivativei  of  Bensate^ohditmlphonia  add, — Gontinned. 


NUnhderitfotives : 
C«H«(NO»XSO»K)«  . 

C«HXNO«XSO»Ag)« 
C«H"(N0«)(80»)»Ba. 


C«B?(N0»X80»)«Ca . 


(>HXNO«)(SO^b. 


cra^oo(so«OL)*.     . 
cra^No«xso«NH«.)*    . 

AmuUhderivaHves : 
C«H«(NH»XSO»H)*  . 


C^NH«X80»NH«)« 


C^NH^iioS^* 


C^NffXSO«K)«  . 


c*Hvra«)j^g;| . 


C«H»(NH«XSO»)^Ba 


Anhydrouf,  slender 
needles,  somewhat  less 
soluble  than  the 
barium  salt. 

White  nodules,  easily 
soluble,  blackened  by 
light. 

Slender    needles    with 
5HH);  after  recrystal- 
lisation,    flat    shining 
efflorescent       prisms, 
with  6HK)  and  4H«0. 

+  2ffO.  Yellow  (mono- 
clinic)  (?^  prisms, 
which  quickly  efflo- 
resce. 

+  4HH).  Nearly  colour- 
less, slender,  very 
soluble  needles. 


Melts  at  140<'. 


Nacreous,  microscopic, 
three-sided  lamin», 
melting  at  242^ 

+  3HK).  Four-  and 
six-sided  prisms,  yery 
soluble  in  water  and 
alcohol.  With  brom- 
ine water  gives  bro- 
maniL 


+  HK).  Large,  six- 
sided  laminae,  Tety 
soluble  in  water  and 
alcohol. 

+  «H«0.  Flat  anhy- 
drous prisms  or  long 
hydrateid  needles, 

quickly  efflorescing. 
Long,  flat,  non-efflo- 
rescent prisms  with 
4H^,  or  quickly  efflo- 
rescing rhombic  octo- 
hedrons  with  3HK). 
+  HK).  Long  prisms, 
or  thicker  flat  prisms, 
with  oblique  end-£Bice, 
moderately  soluble  in 
cold  water. 

+  3iHK).  Concentric 
groups  of  long  thin 
prisms,  easily  soluble 
in  water ;  precipitated 
amorphous  by  alcohol. 


0 

+  iH*0  (?)  NodvUr 
groups  of  slender  mi- 
croscopic needles. 


Nodular  gnmps  of 
slender  needles,  with 
6HK),  turning  yellow 
in  light  without  losing 
water. 


+  4HK).     Highlr  oob- 
centzated         scliitioii 
solidifies  to  a  pulp  of 
slender  neealss; 

weaker  aolutioa  left  to 
eyaporate  efltoreeees 
Teiy  strongly. 
Brown  oil,  not  aolidiiy- 
ing  in  a  freeaqg  mix- 
ture. 


+  2|HK>.  Bzownuh 
nodular  groups  of  mi- 
croscopic needles,  Teiy 
soluble  in  water  and 
alcohol  With,  bro- 
mine-water glTflS 
(I  :  2:4:6), tribro- 
maniline. 


•f3H*0.  Coneentiie 
groups  of  brownidi 
four-sided  taUeta. 
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Derivatives  of  Bemene-m-disulphonio  acid. — Gontinaed. 


JmidoHUrivaiives : 
£C«HXNH«).(SO«H)JSO»]«Ba    . 


C^»(NH«XSO«)«Fb 


•        • 


Cfro(KH«xso«Agy. 


JHato-derivatives : 


:80«H 


C-HWJ'gO.!^, 


C«H»N« 


80^ 


[0«HW^S0^)80T«IBa  . 


[C«H*N»(SO«H)SO^Pb    . 


+  5H<0.  Long  thin 
prisma,  moderately 
soluble  in  cold  water. 


[0»H\NH«)(80«H)S0«]«.Pb 


•  • 


+  S^HK).  Large  six- 
sided  prisms,  rather 
sparinglj  soluble  in 
cold  water. 

+  6H«0.  Tufts  of 
colourless  prisms. 


(anhydr.^  Colourless 
or  faintly  reddish 
rhombic  tablets, 

scarcely  coloured  by 
lights  slightly  soluble 
in  water. 


Precipitated  from  alco- 
holic solution  by  ether 
as  a  brown  oil,  solidify- 
ing over  sulphuric  acid 
to  a  pulp  of  small 
needles;  very  soluble 
in  water  and  alcohol 
^.  263). 

Anhydrous.  Ck)ncen- 
tric  groups  of  white 
needles. 

Anhydrous.  Faintly 
reddish  needles. 


+  8H*0.  Nearly  colour- 
less,   shining,    micro* 
scopic  four-sided  platee. 
+  ZEK>.    Flat    micro- 
scopic prisms. 


+  2H<0.  Separates 
from  hot  concentrated 
solution  as  a  bulky 
mass  of  slender  shining 
microscopic  needles, 
slowly  re-dissolving  in 
water. 

+  2H'0.  Hard  crusts 
made  up  of  nodules. 


+  6HK).  Small,  colour- 
less, shining,  pointed 
rhombic  tablets,  united 
in  crusts.  Dissolves 
very  slowly  in  cold 
water. 


Solidifies  over  sulphurie 
acid  to  small  nodules, 
which  absorb  moisture 
from  the  air  and  de- 
compose. 


Anhydrous.  Slender 
microscopic  prisms, 
burning  away  quickly 
on  platinum  foil,  and 
leaving  a  light  spongy 


+  2HH).  Concentric 
groups  of  short  mono- 
clinic  prisms. 

+  8HK).  Thiu.  micro- 
scopic needles. 


aromobeiiaeiiedlsvlplioiile  Adds,  C*H'Br(SO*H)*.  These  acids  are  formed 
by  heating  the  above-described  diazobenzenedisul^honic  acids  with  hydrobromic  add : 
only  the  orcompounds  have,  however,  as  ^ret  been  investigated. 

The  free  acid,  purified  by  converting  it  into  a  lead  salt,  frequently  recrystallising 
this  salt,  and  then  decomposing  it  with  hydrogen  sulphide,  crystallises  from  its  syrupy 
solution,,  after  standing  for  several  days  over  sulphuric  acid,  in  slender  colourless 
needles  which  are  too  hygroscopic  to  admit  of  a  determination  of  their  water  of 
oystallisation. 

The  metallic  bromobenzenedisulphonates  are  obtained  by  treating  the  acid  salts  of 
o-diaaobensenedisulphonic  acid  with  hydrobromic  acid. 

C'H'BrCSO^H^)'.  Concentric  groups  of  anhydrous,  slender,  easily  soluble 
needles. 
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G*H^r(SO*K)*  +  4HK)  (?).  Slender  very  aoluble  needles,  which  effloreioe  quickly 
on  exposure  to  the  air. 

C*H'Br(SO*)>Ba+  2^HK).    Nearly  odourless  needles,  easily  soluble  in  water. 

C*H'Br(S0*)7b  +  2}HK).    Thin  colourless  prisms,  easily  soluble  in  water. 

Chloride,  G*H*Br(SO'Cl)*  Crystallises  £K>m  ether  in  crusts  made  up  of  white 
nodules,  somewhat  sparingly  soluble  in  ether.    Melts  at  99^. 

Amide,  C'H'Bi^SO^H')*.  White  silky  needles  nearly  insoluble  in  cold,  vuxn 
easily  soluble  in  hot  water,  melting  at  245^. 

BromamldobeBxeBedlsnlplioiiio  Adda*    Of  these  also  only  the  a-modiilca- 

tions  hare  been  studied.  On  adding  bromine  to  a  cold  dilute  aqueous  solution  of 
a-amidobenzenedisnlphonic  acid,  the  colour  of  the  bromine  disappears^  and  if  only 
1  mol.  bromine  is  added,  the  solution  contains  mono-  and  dibromamidobensenedisu- 
phonic  add,  together  with  unaltered  amido-acid ;  if  2  or  more  mols.  of  bromine  aze 
added,  the  dibrominated  acid  which  separates  is  accompanied  by  shining  lamiiMB  of 
bromanil,  the  quantity  of  which  increases  in  direct  proportion  to  the  bromine  added. 

To  separate  these  acids,  the  solution  of  the  amidobenzenedisulphonic  acid,  mixed 
with  1  mol.  bromine,  is  evaporated  on  the  water-bath  tiU  all  the  hydrobromie  acid  is 
removed,  and  the  syrupy  residue  is  left  for  several  days  over  sulphuric  acid,  whers- 
upon  thick  crystals  of  the  unaltered  amido-acid  first  separate  out,  after  which  the 
mother-liquor  gradually  solidifies,  from  separation  of  nodular  groups  of  needlsa. 
These  nodules,  heated  with  water  and  barium  carbonate,  yield  a  burinm  salt  which 
crystallises  in  similar  forms,  and  may  be  converted  into  the  ammonium  salt  by  tzeat* 
ment  with  ammonium  carbonate.  The  moderately  concentrated  solutioai  of  the 
ammonium  salt  thus  obtained  deposits :  first,  nearly  colourless  dense  prisma,  or  sqnaes 
plates  of  ammonium  o-dibromamidobenzenedisulphonate ;  the  mother-liquor  of  these 
yields  large  yellow  prisms  of  the  a-monobromamidobenzenedisulphonate,  and  the  last 
mother-liquor  yields  the  o-amidobenzenedisulphonate.  The  several  kinds  of  crystals 
thus  obtained  must  be  purified  by  repeated  crystallisation. 

When  the  solution  of  the  amido-acid  is  mixed  with  more  than  1  mol.  bromme^  the 
mode  of  treatment  is  essentially  the  same,  excepting  that  the  barium  salt  mnst  be 
prepared  by  boiling  the  nodular  crystals  witn  baryta-water,  in  order  to  iemo?e 
ammonium  sulphate,  which  is  formed  together  with  the  bromanil. 

Bromamidoheneenedisulphonic  acid,  C^'BrfNH^S0*H)>+2^HK>,  eepa- 
rated  from  the  lead  salt  by  hydrogen  sulphide,  forms  thick  colourless  prisms^  very 
soluble  in  water. 

C*H^r(NH<)(S0'NH«)*  (anhydrous?),  forms  large,  nearly  colourless  prisms, 
apparently  containing  mechanicaUy  enclosed  water  (up  to  8  per  cent.),  and  thevefors 
decrepitating  when  heated. 

C*H<Br(NH^(S0*]'Ba+8HH),  separates  from  the  syrupy  solution  in  spheriflsl 
groups  of  slender  needles,  efflorescing  on  exposure  to  the  air. 

C*HsBr(NH>X30')^b  +  3HK)  separates  from  the  syrupy  solution  in  needy 
colourless  hard  nodules,  composed  of  slender  prisms,  which  redissolve  but  slowly  u 
cold  water  and  do  not  effloresce  in  the  air. 

Dibromamidobemenediaulphonie  aeid,  C'HBr'(NH'XSO'H)' +  4HK), 
crystallises  in  dense,  colourless,  non-efflorescent  prisms,  easily  soluble  in  water. 

C*HBr'(NH'XSO*NH*V  (anhydrous).  Dense,  colourless  prisms  or  square  tables, 
somewhat  sparingly  soluble  in  cold  water. 

C*HBr'(NH')(SO*£)<  (anhydrous).  Dense,  colourless  prisms,  more  solohle  than 
the  ammonium  Mklt. 

C«HBr«(NH«)(S0»)«Ba  +  8H«0.  Long,  thin,  colourless  prisms,  very  eoluble  in 
water,  and  efflorescing  quickly  on  exposure  to  the  air. 

C<HBrXNH<)(S0^Pb+3H'0.  Thin,  fiat,  non-efflorescent  prisms,  eeparatn^ 
from  the  syrupy  solution  after  standing  for  several  days. 

Acid  Pot€unum  Dibromodicufobemmeduulphonate,  CBr'N^^^^IS,   is   formed  by 

passing  nitrous  acid  into  a  solution  of  dibromamidobenzenedisulphonie  add  ^*»^f 
neutralised  with  potassium  carbonate,  and  separates  in  anhvdrous,  microeoopie,  six- 
sided  rhombic  tablets.  It  is  easily  decomposed  by  boilins  with  water  or  alcohol,  bst 
more  easily  by  heating  with  concentrated  hydrobromie  acid,  yielding : 

Poiassiium  THbromobemenedUidphanate,  C^BBr^SO'K)*,  which  crystaQiaea  in 
small  anhydrous  prisms,  somewhat  sparingly  soluble  in  water  (Heinselmann). 

The  following  table  gives  a  synoptic  view  of  the  derivatives  of  benseneeulphooio 
acid  above  described : — 
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relatively  to  the  SO*H-groap,  which 
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by  CX)*H.  Meyer,  on  the  other  hand,  finds  (ibid.  1146)  that  when  a  lalt  «f  oMrnxf 
(meta)  solphobenzoic  acid  is  fused  with  sodium  formate,  the  prodnefe  cooabtt  A 
isophthalio  acid  without  a  trace  of  terephthalic ;  whereas,  when  paiawdpliobewoin 
add  ^discovered  by  Bemsen)  is  similarly  treated,  nothing  but  terephthalie  add  ia  ptth 
doceo.  He  therefore  concludes  that  the  dicarbon-acids  are  ilormed  direotlj  tem  tha 
snlphobensoio  acid  by  snbstitntion  of  COOH  for  SO*H,  and  not  ly  Uie  aeCioo  of 
sodinm  formate  on  preyionaly  formed  benzoate.  Meyer  also  finds  that  a  Buxtnza  of 
sodium  formate  and  potassium  benaoate  undergoes  no  chan^  at  a  tempeEatora  whidi 
suffices  for  the  complete  conversion  of  the  sulphobenaoate  mto  isophtoalate.  MioM- 
over,  it  appears  frtnn  experiments  by  Conrad  that  iso-  and  terephthalic  adds  are 
formed  by  simply  heating  sodium  bensoate  to  the  point  of  carbonisation,  whence  it  is 
evident  that  tne  production  of  these  acids  in  the  manner  observed  by  "Rffihtfi^  baa 
nothing  to  do  with  their  formation  firom  sulphobenzoic  or  bromobensoio  add. 

4.  J>eeony9onHon  qf  Barium  BeMKKUe  by  Htat. — ^This  salt  yields  by  dzydiatillation 
a  large  quantity  of  a  hydrocarbon  melting  at  146^,  which  appears  to  be  tetrapheny  1- 
methane,  G(CrH*)\  formed  by  the  mutual  action  of  brazophanone  and  ~ 
the  nascent  state : 

00(0«H»)«  +  2(>H«  -  H«0  +  0(0»H»y 

(A.  Behr,  Deut.  Chem.  Ota.  Ber.  v.  970). 

6.  BeacUon  njitk  TkioevanaUa. — A  mixture  of  barium  benaoate  with  

thiocyanate  yields  by  dry  mstillation  a  partially  solid  distillate,  consisting  of 
nitril,  tolane,  and  a  cyanide  of  a  hydrocarbon,  partly  liquid,  partly  solid,  neither  of 
whidi  has,  however,  been  obtained  pure.  The  bquid  compound,  heated  with  potash, 
yields  benzacrylio  acid,  0*H*.C.CO'H  (p.  155).  The  solid  cyano-pioduct  yields 
an  add  apparently  identical  with  that  which  is  formed  hy  heating  the  product  of  the 
action  of  cyanogen  on  an  alcoholic  solution  of  tolane  with  caustic  potash  (F&nkndi, 
J,pr.  Chem.  [2],  vi.  118). 

Acoordinff  to  Kekul6  and  Williams  (Beut.  Chem,  Gee,  Ber.  vi  116),  this  xeaction 
does  not  yield  benzacrylio  add ;  but  the  residues  left  after  the  distillation  and  rectifi- 
cation of  the  benzonitril  (b.  p.  191^),  yield,  on  continued  distillation  under  reduced 
pressure,  portions  which  pass  over  at  200^-245°  and  245^-276^,  the  first  of  which, 
when  saponified  by  potash,  yields  benzoic  add,  whilst  the  higher-boilii^  poitioii 
appears  to  be  a  mixture  of  several  hydrocarbons,  probably  indu£ng  tdane. 

Action  of  Bentoie  Acid  on  Pkenyltkiocarbimide  (Pket^lie  Mtutard  OiT). — ^Theae 
two  compounds  heated  together  in  sealed  tubes  to  130^-150°,  yield  phenyldiben- 
zamide: 

2(C'H».000H)  +  NJ^='  =  00«  +  H-B  +  NJj^^j^j, 

(Lasanitsch,  Deut.  Chem,  Gee,  Ber,  vi.  176). 

Broaaobenzoio  Aoida.     Farabromobenzoio  add,  C.GOOH.SLH.BrJB', 

produced  by  oxidation  of  |>-bromotoluene  (2iu2  8uppl,  161),  may  also  be  formad  from 
ordinary  bromaniline  (m.  p.  63^-64^),  by  the  following  series  of  processes.  Shnnani- 
line,  prepared  by  treatinjg  acetanilide  with  bromine  and  decomposing  the  zaaalting 
bromacetanilide  bv  heating  with  strong  hjrdrochloric  add,  is  converted  by  the  action 
of  carbon  disulphide  in  alcoholic  solution  into  the  corresponding  bromoChioear- 
banilide : 


jOWBr    +  C8«  -  SH»  +  N«|(C«H«Br)» 


and  this  compound,  heated  to  150^-160^  in  sealed  tubes  with  strong  hydrochlorie  add, 
is  resolved  into  bromophenylthiocarbimide  (bromophenylic  mustard  oil)  and  * 
aniline : 

08 
N.((CWB,)»  +  HOI  -  n[C^^,   +  NJO^'B'JCOL 

On  heating  the  contents  of  the  tubes  with  water,  the  bromophenylthiocarbimide  ^ 
over  as  a  colourless  oil,  which,  when  heated  to  180^-200^  with  ignited  copper- 
powder,  gives  up  its  sulphur,  and  is  converted  into  bromophenyl  (^anide  or  bromo- 
benzonitnl,  CHfBr.GN,  and  this  nitril  heated  to  about  180^  with  strong  hydrochlorie 
acid,  is  converted  into  parabromobenzoic  add : 

OH«Br.CN  +  2H»0  =  NBP  +  C^<Br.COOH. 

The  parabromobenzoic  add  thus  prepared  melts  at  250^ ;  its  barium  salt  cxystallisea 
in  nacreous  laminae  (compare  let  8t^L  310).    Its  formation  in  the  manner  abofe 
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deieribed  ahows  that  ozdinary  bzomaniline  belongs  to  the  para-series  (Weith  a. 
Landolt^  Ikut.  Chem.  Oes,  Ber,  yiii.  716). 

IHtemnobeiiaole  Aolds,  CH'Br'.COOH.  Three  of  these  acids  hare  been 
obtained,  one  symmetrical  and  two  nnsymmetrical,  as  represented  by  the  following 
OQOfltitatioiial  formulsD,  and  a  fourth  whose  constitution  is  still  undetermined : 

00^  00^  00^ 


m.  p.  208^-209<^ 


B./\ 


\/ 


m.  p.  161®-162<> 


/\ 


mt 


Br 
m.  p.  227^-280<' 


(!.}  The  iTmmetrical  modification,  1  :  8  :  6,  is  formed  by  the  action  of  alcoholic 
p'  'vaaram  ^famde  on  nitrometadibromobensene,  (1  :  2  :  4),  at  120^-140^: 

CnErat^O")  +  ONK  +  2H«0  -  0»H»Br«.CO*H  +  NO«K  +   NH«. 

It  eryttalliseB  tnm  water,  in  which  it  is  but  slightly  solnble,  in  flocks,  melts  at 
208<*-209<*,  and  tablimes  in  flat  needles.  Its  barinm  salt,  (C*H*Br^CO*)^a,  anhy- 
droas  after  diying  over  sulphuric  acid,  is  Tery  slightly  soluble  even  m  hot  water,  and 
cijBtallis—  in  concentric  groups  of  slender  needles  (V.  t.  Bichter,  Deut,  Chem,  Oes. 
Btr.  TiL  1418). 

In  the  fozmation  of  this  modification,  the  radicle  CO^  does  not  occupy  the  same 
place  raUtiTely  to  the  two  bromine-atoms  as  the  NO*  in  the  nitro-compound  from 
wliich  it  if  pr^ared,  but  mores  one  place  nearer  to  the  farther  bromine-atom,  ac- 
eovdbg  to  a  law  already  explained  (p.  189) : 

GOV 

girea 


> 


(2.)  The  modification  1:8:6  or  1:2:  6,  in  which  the  two  bromine-atoms  are  in 
the  para-position  with  regud  to  one  another,  is  formed  in  like  manner  from 
mtropuacUbromobensene,  C*.NO*.Br.H.H.Br.H.    It  melts  at  161°-^162^  (t.  Richter). 

(8.)  The  modification  1  :  3  :  4,  having  the  two  bromine*atoms  in  the  ortho-posi- 
tioo,  is  formed :  a.  By  passing  nitrous  acid  through  a  solution  of  bromamidobensoic 
add,  C«.CO>H.H.NH'.Br.H<  (p.  270),  in  glacial  acetic  acid  mixed  with  excess  of 
hydrobromic  acid,  and  crystallises,  after  some  time,  from  the  solution. 

/I.  By  oxidation  of  dibromotoluene,  C<.CH*.H.Br.Br.H*  (b.  p.  240<'),  with  chromic 
add  in  acetic  add  solution. 

This  add,  purified  by  separation  from  its  barium  salt,  crystallises  in  small 
colourless  needles  melting  at  229^-280°,*  sparingly  soluble  in  water,  freely  in  alcohol. 
The  harnm  $alt,  (0'R^iH)O^*Ba,  +  4iH'0,  is  but  slightly  soluble  in  pure  water, 
and  crystallises  therefrom  in  long  colourless  needles.  The  ealcium  aalt  is  deliquescent, 
and  appears  to  crystallise  in  small  needles.  The  eojyper  $alt,  C'H'Br'CO'.Cu.OH, 
separates,  on  mixing  the  solution  of  the  barium  salt  with  cupric  acetate,  as  a  light 
blue  precipitate  insoluble  in  water.  The  tUver  taltt  0*H'Br*CO'Ag,  precipitated  from 
the  ammonium  salt  by  silrer  nitrate,  forms  a  colourless  jelly  whicn  gradually 
becomes  white  and  compact.  It  dissolyes  in  hot  water  and  separates  on  cooling  in 
dense  white  masses.    The  Uad  and  Hne  salts  are  neariy  insoluble  in  water. 

The  et/^lio  ether,  C*H'BrKX)'.0'H*,  prepared  by  decomposing  the  silver  salt  with 
ethyl*  iodide,  oystallises  from  ether  or  alcohol  in  long  colourless  needles  melting  at 
88<>-88-6^ 

The  amide,  O'H^z'.CO'NH',  is  formed  br  heating  the  well-dried  acid  with  the 
requidte  quantity  of  phosphorus  pentachloriae,  and  heating  the  crystalline  chloride 
thereby  produced  with  saturated  aqueous  ammonia.  It  crystallises  from  water  in 
colourless  needles  melting  at  161<'-162<'  (Burghard,  Deut.  Chem,  Qes,  Ber.  nil  668). 

(4.)  A  fourth  dibromobenaoic  acid,  of  unknown  constitution,  is  formed  from 
orthobromobensoic  add,  by  nitration,  reduction  of  the  nitrobrominated  acid  with  tin 
and  hydrochloric  add,  and  treatment  of  the  resulting  bromamidobensoic  add  with 
nitrons  acid.    Its  properties  haye  not  been  described  (Burghard). 

*  AogeratcJn's  dibromobemoio  add  (m.  p.  22V*-iSV*),  obtained,  together  with  other  iirodiicta,  t^ 
direct  brominatioo  of  benaoio  add,  and  described  in  the  Und  SuppU  (]>.  16S),  as  the  symmetrlo  modifl- 
eatlan  (1 :  S :  ft).  Is  in  al  prahaUlitj  identioal  with  the  modifloatioo  hen  deacribed. 
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Olilorobenmolo  Aolds.  Paraehlorohetufoie  or  Cklorodracjfiio  ami, 
C'.H<.CLH.H.COOH.— Emmerling  (Deut,  Chem,  Ges,  Ber,  Tiii.  880)  fiodi  that  th« 
acid  IB  best  prepftred  by  ozidisiiig  chlorotoluene  with  potassium  pennaiigmiiate* 
which  acts  much  more  qtiid^ythan  nitric  add  or  a  mixture  of  bichromate  andm^phorio 
acid.  One  part  of  commercial  chlorotoluene  is  boiled  with  8  pts.  of  poCMRom 
permanganate  and  a  larffe  qnantity  of  water  for  four  to  fiye  hours ;  the  remainior 
chlorotoluene  is  distilled  off;  and  the  hot  liquid  is  filtered  and  precipit^cd  wito 
sulphuric  acid.  The  product  is  a  mixture  of  the  ortho-  and  para-acids,  in  whieh  tha 
former  preponderates.  They  may  be  separated  by  boiling  water,  in  whieh  the  paca- 
acid  dissolves  but  sparingly.  It  forms  a  white  earthy  maas,  subliming  in  naadlsa 
and  melting  at  284^.  The  silyer  and  sodium  salts  are  auhydrous ;  the  former  cfjital- 
lises  well  from  hot  water,  and  the  latter  is  anhydrous.  The  lead  salt  is  an  amosplioai 
precipitate,  and  the  ferric  salt  resembles  ferric  benzoate. 

The  mkhylio  either,  G'H«G10^0H*,  formed  by  heating  the  sQyer  salt  with  methyl 
iodide,  czystallises  in  beautiful  lar;^  white  needles  melting  at  42^. 

Chlorodracylio  aeid  heated  with  sodium-amalgam  is  reduced  to  benaoie  acid 
(Hartmann,  J^pr.  Chem.  [21,  xii.  204). 

Ckkrodracvtio  chloride,  O'H^Gl.OOC],  obtained  by  heating  the  aeid  withphoa- 
phorus  pentachloride  to  140^,  is  a  heayy  fuming  liquid  boiOng  at  220^.222^  and 
having  the  sp.  gr.  1-877.  Aqueous  ammonia  converts  it  into  the  amide,  OHKA.00NH*, 
which  is  sparingly  soluble  in  cold  water,  more  freely  in  hot  water,  and  raadily  ia 
alcohol  and  ether,  crystallising  from  the  latter  in  needles  which  melt  at  170^.  The 
amlide,  0*H*a.CONH(C*H*),  crystallises  from  alcohol  in  brilliant  needlea  meltii^ 
at  194<'  (£mmerling). 

Orthoehloroberufoie  or  Chloroaalylio  Chloride,  C*.H«.C1.C0C1,  obtained  by  the  aetioa 
of  phosphorus  pentachloride  on  orthochlorobenzoic  acid,  boils  at  236^-288^,  and 
yields  with  absolute  alcohol,  an  ether  which  boils  at  237^-241^,  and  is  identical  with 
that  which  Kekul6  obtained  from  salicylic  acid  (Emmerling). 

Chlorosalylic  acid,  ftised  with  caustic  pota^,  yields  a  mixture  of  the  potaarian 
salts  of  salicylic  and  oxybenzoic  acids,  the  lattet  greatly  predominating.  With 
caustic  9oda,  about  equal  quantities  of  salicylate  and  oxybenzoate  are  obtainad. 
Paroxybenzoate  is  not  formed  in  either  case  (Ost,  J,  pr.  Chem.  [2],  xi.  385). 

Barium  Orthochlorobenzoate  separates  from  hot  concentrated  solution  in  anhydzoos 
erystalU  (limpricht  a.  v.  Uslar,  Jahresb.  /.  Chem,  1867,  p.  832 ;  Kekul^  ibid.  1880^ 
293) ;  by  spontaneous  evaporation  crystals  are  obtained  with  8HK),  1  mol.  of  whieh  is 
given  off  over  sulphuric  add;  100  pts.  of  water  at  18*6^  dissolve  81*2  pta.  of  the 
anhydrous  salt.  This  salt  is  but  veiy  slightly  soluble  in  hot  alcohol,  aud  nearly  ia- 
soluble  in  cold  alcohol. 

The  calcium  salt  is  also  very  slightly  soluble  in  hot,  quite  insoluble  in  ooldaloohaL 
The  lead  salt  is  moderately  soluble  in  boiling  water,  less  soluble  in  alcohol  than  the 
/i-dichlorobenzoate  (Beilstein,  Liebig's  Annalen,  dxxix.  283). 

moblorobenxolo  Aolda,  C^H'Q'.CO'H  (Beilstein,  Liebig'e  Jnnalm,  elxadz. 
283 ;  Aronheim  a.  Dietrich,  Deui.  Chem,  Gee.  Ber,  viii.  1401 ;  Schultz,  IMife 
Annalen,  dxxxvii.  260).  Three  of  these  acids  are  known,  distinguished  as  a,  iS^  7. 
They  are  all  solid  at  ordinary  temperatures,  and  have  the  following  maltuig 
points : — 

a  fi  y 

201<>  168<>  1220 

o-Dichlorobenzoic  add  is  produced:  1.  By  the  action  of  chloride  of  lima  aolntion 
on  benzoic  add  (Beilstein  a.  Kuhlberg).  2.  By  oxidising  dichlorotolnene  with 
chromic  add  (B.  a.  K),  3.  By  heating  dichlorobenzene  trichloride,  G'!H'C1'.0C1', 
with  water  in  a  sealed  tube  (Beilstein).  4.  By  boiling  dichlorohippnxie  add 
with  strong  hydrochloric  acid  (Otto).  5.  By  the  action  of  phosphorua  penta- 
chloride on  sulphochlorobenzoic  acid  (Otto).  See  let  Suppl.  p.  312.  6.  Sj  the 
action  of  potassium  chlorate  and  hydrochloric  add  on  benzoic  acid  (Clana,  2a^ 
Suppl,  163).  7.  By  heating  parachlorobenzoic  acid  to  200^  with  SbOl*  (fieilstein  a. 
Kumberg,  ibid.)  8.  By  oxidising  dichlorobenzene  chloride,  C*H*C1'.GHC^',  with 
ehromic  add  (Beilstein,  Liehig'e  Annalen,  d.  294).  9.  By  the  action  of  alcoholic 
soda  on  the  crystals  formed  by  treating  toluene  with  excess  of  chlorine  (Pieper,  HM, 
cxlii.  306). 

The  iS-add  (m.  p.  156°)  is  formed:  1.  By  the  action  of  hydrochlorie  acid  and 
potassium  chlorate  on  benzoic  acid  (Glaus  a.  Pfeifer,  Detit.  Chim,  Geei^  Ber,  v.  868 ; 
vi.  721).  2.  By  the  action  of  chloride  of  lime  solution  on  benzoic  acid  (Clans  a.  Thiel, 
ibid,  viii.  950).  3.  By  the  action  of  antimony  pontachlorido«  or  of  potasdum  dichro- 
mate  and  hydrochloric  acid,  on  or/A(?chlorobonzoic  add  (Beilstein  a.  Knhlbaig;  ihtd. 
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▼iiL  435,  819).  4.  Bj  the  action  of  SbOl*  on  metocliloiobenx(»c  acid  (Beilstein,  ibid, 
IT.  660). 

y  Dichlorobensoic  acid  is  formed,  together  with  the  a-  and  /S-aeids,  by  the  action  of 
wmter  on  dichlorobensotriehloride : 

C«H"a».CCl«  +   2H»0  -   3flCl  +   C^»C1«.C0«H. 

To  prepare  the  dichlorobensenetrichloride,  chlorine  gaa  ia  paaoed  into  dry  tolnene 
contifcininj^  lumps  of  molybdenum  pentachloride,  and  Seated  to  70^  in  a  water-bath, 
and  the  dichlorotolnene  thus  formed,  after  being  porified  by  distillation  from  molprb- 
dsmtm  chloride,  is  exposed  in  the  state  of  yapour  to  the  further  action  of  chlorine. 
The  resulting  liquid,  subjected  to  fractional  distillation,  yields  between  270^-280^,  a 
poKtion  haying  the  composition  C<H*C1>.CC1*  (Schulta> 

This  didilorobenzotnchloride  is  not  howerer  a  single  componnd,  but  a  mixture  of 
three  isomeric  compounds :  for  when  heated  with  water  in  sealed  tubes,  it  yields  a 
mixture  of  three  dichlorobensoic  adds,  which  may  be  separated  through  the  medium 
of  their  barium  salts. 

Por  this  purpose  the  mixed  acids  are  boiled  with  barium  hydrate  in  a  capacious 
flask,  with  upright  condensing  tube,  till  the  whole  is  dissolved ;  the  excess  of  barium 
is  zemofsd  hf  carbonic  acid ;  the  filtered  liquid  is  eyaporated  to  dryness ;  and  the  diy 
residua  is  boiled  for  four  hours  with  absolute  alcohol,  which  dissolyes  the  barium 
dichlorobenaoates,  leaving  a  residue  of  chloride  and  carbonate  of  barium.  The  alco- 
bcdio  solution  is  then  ^Md  from  alcohol  by  distillation ;  the  barium  salt  which 
remains  is  dissolyed  in  a  large  quantity  of  water ;  and  the  filtered  solution  is  left  to 
cxystallise.  It  then  deposits  fine  neemes  of  a  barium  salt,  which,  when  decomposed 
by  hydrochloric  add,  yields  a  dichlorobensoic  add,  crystallising  from  water  in  yery 
riender  nee^es  mdting  at  201^,  and  agredng  therein,  as  well  as  in  the  composition 
and  properties  of  its  barium  salt,  (C'H*Cl>COO)<Ba  +  4HK),  with  Bellstdn^s  c^- 
ehlorobenaoicadd(lJ<iSmpJ.  812). 

The  motheir-liquor  of  this  o-barlum  salt  yields  on  further  concentration  spherical 
groups  of  small  crystals,  from  which  hydrochloric  acid  separates  an  acid  melting  at  140^- 
1450  and  subliming  at  146^ ;  and  further  by  submitting  this  barium  salt  to  fractional 
crystallisation  from  water,  repeated  about  fifty  times,  or  more  ouickl^  by  fractional 
ezjstallisation  from  alcohol,  it  may  be  separated  into  two  salts,  tne  acids  from  which 
znah  reqpeetiyely  at  156^  and  126*6^ 

The  add  melting  at  166^  crystallises  from  water  in  slender  needles,  and  sublimes 
in  small  bat  beautifrd  laminn.  Its  barium  salt,  (0*H*Cl*COO)*Ba  4-  8HK),  crystal- 
lises from  water  in  warty  groups  of  microscopic  needles,  from  alcohol  in  small  but 
someiHiat  more  distinct  crystals.  In  these  respects  the  acid  in  ouestion  agrees  with 
tlie  3-dichlorobenzoic  acid  obtained  by  Beilstdn  and  by  daus  a.  ffeifer  (2m  8uppL 
163). 

The  calai%m$ait  of  /S-dichlorobenzoic  acid,  (C*HKn.OO*)*Oa  +  2H*0,  oystaUises 
in  needles  which  do  not  giye  off  their  water  in  the  exnocator.  It  is  easily  soluble  in 
water  and  in  alcohol. 

The  Uad  $alt,  (C*H*01<.00*)'Pb  +  HK),  obtamed  by  predpiUtion,  is  quite 
insoluble  in  water,  but  somewhat  soluble  in  boiling  alcohol,  from  which  it  is  precipi- 
tated in  needles  by  water.  It  does  not  giye  off  its  water  of  crystallisation  oyer  sul- 
phuric add. 

The  eopvtr  tali,  (C^*01*.0O^Khi  +  2HK),  is  a  light  blue  precipitate,  insolubls 
in  water  and  in  alcohoL 

Tha  itkfflie  itker,  C*H*C1*.C0<CSH»,  has  a  sp.  gr.  of  1*8278  at  O®,  and  boils  at  271'* 
(thermometer  in  the  yapourl 

The  auMe,  C*BHJi\C(mW,  forms  shining  needles  melting  at  Ibb"*  (Beilstdn). 

The  barium  salt,  when  purified  by  only  a  few  crystallisations,  yields  an  add  melting 
at  150^,  as  fbund  by  Beilstein  (Liebig'$  AnnaUn,  dxxix.  283);  but  alter  a  great 
number  of  cxystailisations,  it  yields  an  acid  melting  at  166^,  as  found  by  Claus  and 
PIdfer. 

The  7-add,  which  is  formed  by  the  process  above  described  in  larger  quantity 
than  the  /3-acid,  crystallises  from  ucohol,  better  than  from  water,  in  smill  needles, 
melts  at  126'6°,  volatilises  with  vapour  of  water,  and  sublimes  very  beautifully  even 
at  a  lower  temperature. 

The  ttmmoniwm  adU,  C«H>C1>.C0*NH*  +  HK),  formed  by  decomposing  the  barium 
salt  with  an  equivalent  quantity  of  ammonium  sulphate,  crystallises  in  needles,  and 
is  partially  decomposed  by  boiling  with  water  into  ammonia  and  free  acid. 

The  potasnum  9alt,  0^*C1*.C0%  +  6HK),  prepared  in  Uke  manner,  is  vezy  soluble 
in  water,  and  crystallises  therefrom  in  splendid  needles. 

The  barium  salt,  (O^^CiKO^fB^+Z^BH),  crystallises  from  ricohol  better  than 
from  water  in  stellate  groups  of  small  needles.     100  parts  of  water  at  4^  dissolve 
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4*25  parts  of  the  anhydrous  salt  (mean  of  two  determinations)  or  1  pt.  of  the  aohjduMi 
salt  dissolyes  in  24  parts  of  water. 

The  sine  salt,  {C*H*ClKX)*yZii+HBH),  does  not  form  distinct  eiyrtali.  li 
separates  from  its  concentrated  solution  on  boiling,  and  redissolyes  on  wmAing,  liks 
calcium  citrate.  The  zinc-salt  of  the  iS-acid  behayes  in  the  same  manner ;  that  of  the 
a-aeid  does  not. 

The  ouprio  aalt  is  a  blue  amorphous  powder  Tery  sli^tlj  soluble  in  water  •hlier 
hot  or  cold,  also  in  alcohol.  Heated  to  200°  with  water  in  a  sealed  tube,  it  deooai- 
poses,  with  separation  of  cuprous  oxide,  and  on  opening  the  tube^  oarboo  dioadda 
escapM,  with  an  odour  of  phenoL 

The  chloride,  CKE'OP.GOK;!,  is  a  limpid  liquid  bdling  without  deeompontioo 
at  244<'.  The  amide,  0<H*C1^C0*NH^  crystallues  firom  water  and  from  akobol  in 
white  needles  melting  at  106°. 

The  following  table  exhibits  a  oomparatire  Tiew  of  the  moat  eharaatsriitie 
properties  of  the  three 

Diohlorohenzoio  Aeids, 


Add 

Melting  point 

0i78t.-wftter 
of  barium  nit 

Stability  of  barinm 
nit 

Zinc  nit 

point  of 
amide 

a 

201° 

4H*0 

100  pts.  H'O  at 
18''       dissolre 
1*10    parts    of 
the  salt  (anhj- 
drous). 

No  separation  on 
boiling. 

1S8* 

$ 

166'' 

3HK) 

at     16^    2-64 
pts.  of  salt. 

Separates     from 
concentrated  00- 
lution  on  boil- 
ing, and  redis- 
solyes  on  cool- 
ing. 

156° 

y 

126-6*' 

3iH«0 

at  4*',  4-7  pts. 
of  salt. 

16«* 

The  constitution  of  the  three  dichlorobenzoic  acids  is  analogous  to  that  of  the 
dichlorotoluenes  from  which  they  are  formed.  Now  the  mixture  (3  the  three  diehloto- 
toluenes  (b.  p.  196°),  obtained  in  the  manner  'aboye  described,  yields  on  ftuthsr 
chlorination,  not  a  mixture  of  isomeric  compounds,  but  a  single  trichlorotolnens^ 
CHKJl'.CH',  which  is  crystsdline,  has  a  constant  melting  point  (76°^  ^nd  is  oonTStted 
by  strong  nitric  acid  into  a  single  mononitrotrichlorotoluene  mdting  at  88*6^.  This 
shows  that  the  mixture  of  dicUorotoluenes  cannot  contain  more  U^  three  of  these 
isomeric  bodies,  for  a  mixture  of  any  four  dichlorotoluenes  would  be  oonyertibla  l^ 
further  chlorination  into  more  than  one  trichlorotoluene.  A  mixture  of  thxM  u- 
chlorotoluenes,  on  the  contrary,  may  yield  only  a  single  trichlorotoluene,  and  io  liiif 
manner  four  isomeric  trichlorotoluenes  may  be  produced,  as  shown  by  the  tdQawia^ 
table  in  which  the  group  CH*  is  supposed  to  occupy  the  position  1. 


haying  its  chlorine- 
atoms  in  the  positions : 


Trichlorotoluene 

may  be  formed  from  the  three  diehlorotolueoet 
whose  chloiine-atoms  are  in  the  positions : 


A  B  0 

I.       2:3:4  2:3  2:4  3:4 

IL       2:4:6  2:6  2:4  4:6 

(or  3  :  4) 
in.        2:3:6  2:8  2:6  8:6 

IV.        2:3:6  2:3  2:6  8:6 

(or  2 :  6) 

Two  other  trichlorotoluenes  (making  up  the  six  possible  modifications)  may  be 
formed  from  the  two  following  pairs  of  dichlorotoluenes : 

V.        2:4:6  —  2:4  2:6 

VL        3:4:6  —  3:4  8:6 

These  last  may,  howeyer,  be  left  out  of  consideration,  as  each  of  them  is 
producible  from  only  two  dichlorotoluenes,  whereas  the  mixture  of  dichloro- 
toluenes formed  by  direct  chlorination  of  toluene  contains  three  isomeric  modi- 
fications.   Moroovor,  two  of  the  first  four  trichlorotoluenes  may  also  be  axcTuded; 
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fat  nnea  All  the  three  dichlorotolnenes  in  the  mixture  ^eld  one  and  the  same  tri- 
diloxotblnene,  and  since  the  monochlorotolnene,  which  is  the  first  product  of  the 
ehlarination,  consists  for  the  most  part  of  the  (1  :  4)-compound,  it  follows  that  one  of 
tli«  chlorine-atoms  in  the  trichlorotoluene  must  also  be  in  the  position  4.  Oonse- 
qwatlj  the  triohlorotoluenes  IIL  and  IV.  may  be  left  out  of  consideration.  There 
remain,  thei^  only  the  arrangements  I.  and  IL  Now,  whicheyer  of  these  be  adopted 
as  representing  tne  cuustitntion  of  the  trichlorotoluene,  that  of  two  of  the  dichloro- 
toluenes  (under  B  and  C)  will  be  the  same,  yix.  2  :  4  and  3  :  4  (or  4  :  6).  The  third 
diddorotoluene  (under  A)  will,  howeyer,  haye  the  constitution  2  :  8  or  2  :  6,  according 
ma  the  tzichloiotoluene  is  represented  by  the  formula  I.  or  IL 

It  ranains  then  to  be  considered  which  of  the  three  dichlorobenzoie  acids,  melting 
ZMpecCiTeilj  at  201^  166**,  and  126*6°,  is  analogous  in  constitution  to  each  of  the 
thzve  diehlorotoluenes  2  :  4,  8  :  4,  and  2  :  8  or  2  :  6. 

Now  a-dichknobenzoic  acid  (m.  p.  201°)  is  formed  b^  chlorination  of  ordinary 
(1  :  8)  chlorobenaoicacid,  and  by  heating  (1  :  4)  chlorobensoic  acid  with  SbCl*  (p.  262) : 
hence  it  must  haye  the  constitution  CO'H  :  CI :  01 » 1  :  8  :  4. 

Secondly,  ^-diehlorobenzoio  acid  (m.  p.  166°)  is  ibrmed  by  the  action  of  SbCl*  on 
ortho-  and  on  meta-chlorobenzoic  acid  (p.  262) :  hence  it  must  haye  the  constitution 
1  :  2  :  8,  or  1  :  2  :  5 ;  most  probably  the  latter,  inasmuch  as  unsymmetrical  modifica- 
tions appear  to  be  always  more  readily  formed  than  consecutiye  modifications. 
Oonseqiiently,  there  remains  for  ^-dichlorobensoio  acid  (m.  p.  126'6°)  only  the 
eoBstitation  1:2:4.* 


00^  00^ 


« 


Cl 


fi 


a  ^^ 


00^ 

a 

CO"H 

a 

fi 

y 

1 

m 

a 

126-6* 

► 

m.  p.  201*»  166* 

I«dobenmolo  Aold  (para-^,  C«.H*J.H.H.OOOH.  This  add,  which 
Kdmer  obtained  by  oxidation  of  para-iodotoluene,  has  been  f^irther  examined  by 
H.  Olassner  (Deut,  Ch&m,  Qes,  Ber.  yiiL  662),  who  has  prepared  the  following  salts: — 

G«H*I.COFNa  +  iHH).    Colourless  easily  soluble  needles. 

C*H*I.OO^    Long,  thick,  apparently  rhombic  plates,  yeiy  soluble  in  water. 

(O'H*ICO')*0a + HK),  produoea  from  the  sodium  salt  by  decomposition  with  calcium 
chknride,  forms  easilysolnble  rhombic  plates. 

(0*H^CO')% -t-HK).     Colourless   nacreous   lamina^  crystalliring   easily  from 


(Cm^CO'yBm  +  liEPO.    Long  rhombic  plates. 

(G'H*ICO')'Zn  +  4H*0.  Cubiform,  apparently  rhombic  crystals,  not  yeiy  soluble, 
Farmodofnetaniirobenraie  amd,  CJ9*.LN0*.H.000H,  obtained  by  ^eating  para- 
iodobensoie  add  with  Aiming  nitric  acid,  is  nearly  insoluble  in  water,  easily  in  alcohol, 
and  melts  at  210<>.  Its  potagtmm  mlt,  C*H*irNO^.CO^  +  HK),  forms  six-sided 
prisms  truncated  by  right-angled  faces ;  yery  soluble  in  water.  The  sodium  boU,  also 
containing  1  moL  water,  crystallises  in  sulphur-yellow  easily  soluble  needles.  The 
ealekm  saU^  [C<H'I(NOS)CO>]Ca+  liH*0,  forms  yellow  needles  which  easily  crystal- 
lise ftom.  water  (Glassner). 

Vltrobensolo  Aolds.  Themononitrobensoieacid, CH^O'.COOH,  obtained 
by  Oerland's  process  (i.  666)~also  recommended  by  Ernst  {Jahruh.  1860,  299) — 
which  consists  in  a^tating  a  mixture  of  1  pt  bensoic  add  and  2  pts.  nitre  with  3  pts. 
strong  sulphuric  acid  (sp.  gr.  1-840)  is  a  mixture  of  the  three  modifications,  ortho-, 
meta-,  and  para-,  the  second  being  the  most  and  the  third  the  least  abundajit. 

For  the  separation  of  the  three  isomeridee  the  following  method  is  giyen  by  Griess 
(I^eii^.  Chem,  Ges,  Btr.  yiii.  626).  The  mixture  of  the  three  is  heated  to  boiling  with 
20  parts  of  water,  and  the  solution  neutralised  with  baryta ;  on  cooling,  barium  meta- 
nitrobenzoate  separates ;  the  filtrate  is  eyaporated  almost  to  dryness,  and  the  residue 
treated  with  small  quantities  of  cold  water,  whereby  barium  orthonitrobensoate  is 
readily  dissolyed,  a  mixture  of  the  para-  and  meta-salts  being  left :  this  is  again  boiled 

*  Thto  iMt  oonitttntlan  has,  bowerer,  beon  gmerallj  awlgned  to  the  /3-acld,  on  aoconnti  of  iti 
formation  by  oxidation  of  dldilorotolnene,  which  was  inppoeed  to  be  a  mixtnre  ot  only  two  isomeric, 
1:8:4  and  1:2:4,  derired  from  parnchlorotolnene.  Bnt  as  this  dichlorotolaene  is  now  known  to 
be  a  mixture  of  three  isomeridee  1 :  8  :  4, 1 :  S  :  4  and  1 :  3  :  5  (or  1 : 3  :  8),  it  is  just  as  probable  that 
the  /l-add  is  formed  from  ttia  third  at  theee  dichlorotolaflnes  as  from  the  reeoni. 
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with  about  20  parts  of  water,  and  after  cooling  the  filtrate  is  acidified  with  hjdro> 
chloric  acid,  whereby  paranitrobenzoic  acid  is  precipitated  as  a  white  crystalliiio  mast. 
i^fber  recrystallisation  from  hot  water,  this  para-add  melts  at  283**  (Fischer  gires  240**, 
Widnmann  238^,  and  Mills  236^-240<',  as  the  melting  point);  the  barium  nit  is 
[C'HXN0*)0*]<Ba  +  5H'0,  as  found  by  Wilbrand  and  Bdlstem  in  the  ease  of  the 
product  from  nitrotoluene  {Ist  8uppl.  314).  The  corresponding  aiiii<it>-a6u{  maltaat  184* 
(Wilbrand  and  Beilstein  found  186<'-187^). 

The  amido-acid  fh>m  metonitrobenzoic  acid  (m.  p.  141^)  was  found  by  Orif  to 
melt  at  1 72^-1 74®,  as  observed  also  by  others. 

Orthomtrobentoic  acid  may  be  prepared  by  oxidising  orthonitrocinnamic  aad  with 
chromic  acid  {2nd  Suppl.  164) ;  but  according  to  Widnmann  {Deut.  Chem,  Om,  Ber, 
viii.  393)  this  process  does  not  yield  satia&ctory  results.  A  better  method  is  that  of 
Weith  {ibid,  Tii.  1058),  which  consists  in  oxidising  orthonitrotoluene :  the  oxidation  is 
slow,  but  the  product  is  satisfactory.    The  ortho-acid  thus  obtained  melts  at  143*. 

Double  Salt  of  Paranitrobenzoie  and  Bentoio  Acids, — When  equivalent  qoantitass 
of  these  two  acids  are  boiled  with  water  and  barium  carbonate,  and  the  aolution  is 

evaporated,  the  salt  nrnvKO*^  CO*l^  crystallises  out    The  same  salt  is  formad  by 

spontaneous  evaporation  at  common  temperatures,  and  this  shows  that  it  is  sot  a 
mixture  but  a  definite  compound,  inasmuch  as  both  the  bensoate  and  the  paraaitzo- 
benzoate  of  barium  crvstallise  at  ordinary  temperatures  in  combination  with  water. 

The  double  salt  lorms  groups  of  hard,  colourless  or  yeUow  lenticular  crystals. 
Baring  its  formation  a  few  crystals  of  the  paranitrobenzoate  occamonally  ^pear: 
these  in  one  case  disappeared,  while  the  crystals  of  the  double  salt  incraassd 
(H.  Salkowski,  Deut,  Chem.  Gee.  Ber,  ix.  24). 

Other  modifications  of  mononitrobenzoic  add  are  described  byFittica(2>Mtf.  Chem. 
Get.  Ber.  viii.  262,  710,  741 ;  ix.  788  ;  x.  481 ;  Chem,  Soc,  Jour.  1875,  766 ;  1876,  il 
412,  483:  further,  U^)er  einige  besondere  Bengolderivate,  Maxhwcg,  1876).  (1.)  An 
acid  melting  at  135^-136^,  formed  by  treating  benzoic  acid,  at  a  tem^erators  not 
exceeding  60°,  with  nitric  acid  of  sp.  gr.  not  higher  than  1*42,  mixed  with  an  equal 
quantity  of  sulphuric  acid.  By  reduction  with  tin  and  hydrochloric  add  it  yields  sa 
amido-acid  melting  at  154<'>158^  (2.)  An  acid  melting  at  127*.  obtained  by  the 
action  of  ethyl  nitrate  on  an  ethereal  solution  of  benzoic  add  in  presence  of  8tvoq| 
sulphuric  acid.  Its  salts  are  easilv  converted  by  recrystallisation  into  atdjauf 
metanitrobenzoates,  but  the  free  add  is  not  thus  convertible.  Its  ethylio  ethsr  is 
identical  with  that  of  the  add  melting  at  136*  (!)  (3.)  An  acid  melting  at  128* 
obtained  by  dropjnng  a  mixture  of  benzoyl  chloride  and  ethyl  nitrate  in  mniiwolar 
proportions  into  strong  sulphuric  add  at  70*-80^.  It  crystallises  in  needlea  wlieh 
dissolve  in  284'5  parts  of  water  at  16°.  (4.)  An  add  melting  at  142^,  obtained  by 
dissolring  benzoic  acid  (1  mol.)  in  strong  sulphuric  acid,  and  dropping;  ethyl  nitnU 
into  the  solution.  It  dosely  resembles  Uie  lieU  but  requires  for  solution  809  parts  of 
water  at  16°.  (6.)  An  add  melting  at  178°,  formed,  together  with  metanitiobanaoic 
acid  and  the  moaification  melting  at  127°.  by  adding  a  mixture  of  1  pt.  benaoie  add« 
and  2  pts.  potassium  nitrate  to  2  pts.  of  sulphuric  add.  It  is  contained  in  the  most 
soluble  portion  of  the  mixture  of  barium  salts  obtained  by  neutralising  the  add 
mixture  with  baryta,  and  may  be  farther  purified  by  decomposing  this  barium  silt 
with  hydrochloric  add,  recrystallising  the  precipitated  nitrobenzoic  acids,  and  dissolv- 
ing them  in  milk  of  lime.  On  evaporating  the  solution,  the  caldum  salt  of  the  fifth 
modification  separates  out  first.  The  free  acid  crystallises  in  yellowish  microscopic 
needles,  slightly  soluble  in  cold  water,  easily  in  hot  water,  also  m  alcohol  and  ether. 

It  is,  however,  very  doubtful  whether  these  so-called  modifications  obtained  by 
Fittica  are  really  definite  substances,  and  the  observations  of  other  chemists  render  it 
more  probable  that  they  are  merely  mixtures  in  various  proportions  of  oriho;  meia-t 
and  iMzfo-nitrobenzoic  add  with  one  another  or  with  benzoic  acid  itself.  It  is  known, 
indeed,  that  mixtures  of  organic  acids  (like  certain  metallic  alloys)  do  not  alwi^ 
melt  at  temperatures  intermediate  between  the  melting  points  of  their  components, 
but  sometimes  below  the  melting  point  of  either  constituent.  Thus  according  to  Leo 
Liebermann  {Deut.  Chem,  Gee.  Ber.  x.  1038),  a  mixture  of  equal  parts  of: 

m.  p.  m.  p. 

Oxybenzoic  acid         200°  and  Paraozybenzoic  acid  210°  :  melts  at  148*^162*. 
Oxybenzoic  acid  200°  and  Salicylic  add  165°:        „        120°-134*. 

Faraoxybenzoic  acid  210°  and  Salicylic  add  156° :        „        140*^160°. 

Similar  results  have  been  obtained  with  mixtures  of  stearic  acid  and  some  of  its 
lower  homologues,  viz.,  palmitic,  lauric,  and  myristic  adds  (v.  414). 
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ThelbUowingobsomitioiiB  on  the  melting  points  of  mixtures  of  the  three  mononitzo- 
b«nade  adds  have  been  made  bj  £.  Widnmann  (Deut,  Chem,  Oet,  Ber,  x.  1160) :~ 

Ortbo 
149° 


Meta 
140^-141° 


M-p.  149°  140<»-141°  288° 

A  mixture  of  the  three  adds  in  molecular  proportiona  melts  at  187^-180°.* 

MMfiff  P&mt9  ofvarioM  Mixtures  rf  the  Aeidi  0^'(NO*).00*H. 


RopurtloM  of  tb« 

Ortho  and  Mete 

Ortho  end  Ftta 

MttoaadFtta 

10:10 

92°-98° 

200° 

166°-.206° 

10:6 

126° 

142°-190° 

127°-186° 

10:1 

140° 

141° 

180°-166° 

10 :  0*6 

144° 

146° 

182°-188° 

10 :  0-2 

146® 

147° 

184°-186° 

10 :  01 

146° 

146° 

186°-186° 

0-1  :  10 

182°-186° 

283°-237° 

286°-288° 

0-2 :  10 

132°-184° 

228°-236° 

282°-287'* 

0*6:  10 

132°-140° 

222<>-286° 

216°-284° 

1  :10 

132°-133° 

200°-286° 

206°-280° 

6:  10 

• 

112° 

210°-216° 

196°-208° 

It  is  easy  to  see  how  mixtures  of  this  kind  may  exhibit  the  melting  points  of 
FSttiea's  nitrobraioie  adds. 

Further,  L.  liebermann  finds  (loe,  cit.)  that  when  the  mixture  of  <h,  m-,  and  jp- 
mtrobenaoic  add  obtained  bj  Gerland's  method  (p.  266),  melting  between  116°  aod 
130°,  is  dissolved  in  hot  water,  the  sdution  neutralised  with  baryta,  and  the  first 
portion  of  the  barium  salt  which  crystallises  out  decomposed  by  hydrochloric  add,  a 
nitiobenaoic  add  is  obtained  which  melts  at  122°.  On  conyertingthis  add  into  barium 
■alt  and  proceeding  as  before,  an  acid  is  obtained  melting  at  126°  ;  and  another  repeti- 
taon  of  this  series  of  processes  yidds  an  acid  melting  at  127°f  like  one  of  the  mtro- 
•dds  described  by  Fittica. 

In  operating  on  connderaUe  quantities,  Liebermann  obtained,  by  one  more  crys- 
tallisation of  the  barium  salt,  two  adds,  that  which  separated  from  the  barium  salt, 
wbieh  crystallised  out  firsts  bdng  pure  metanitrobeuioic  acid  (m.  p.  141^-142®), 
while  the  add  obtained  from  the  s^t  which  crystallised  out  gradually  as  the  solution 
coded,  was  found  to  melt  at  136°.  On  reciystallising  this  add  from  hot  water,  the 
portion  which  separated  at  once  from  the  hot  solution  likewise  exhibited  the  charac- 
ters  of  pure  metanitrobenaoic  add,  while  the  later-ciystallising  portion  separated  into 
two  parts,  the  more  soluble  exhibiting  the  characters  of  orthonitrobencoic  acid,  and 
bsgiiming  to  melt  at  146^-1 47°,  while  the  less  soluble  add  melted  at  200°,  and 
dofabtless  consisted  of  paranitrobensoic  add  mixed  with  one  of  the  other  modifica- 
tions. 

IMaltrobeBaoio  JLflId,  0*H*(KO')*.00*H.  Of  the  dx  posnble  modifications  of 
thb  add  four  are  known,  ris.,  those  represented  by  the  following  fbrmuln : 

CO^  00^  00^  CO^ 


m.  p.  140° 


m.  p.  179° 


ro'/\|NO- 

m.  p.  202° 


INO" 


m.  p.  204° 


One  of  these  has  long  been  known,  namely  the  acid  which  Cahours  obtained  by  treat- 
ing bensoic  acid  with  a  mixture  of  nitric  and  sulphuric  icids,  and  Griess  (Deut.  Chem, 
Oes,  Ber,  Tii.  1228)  has  latdy  obtained  three  otners  by  similar  treatment  of  ortho- 
nitrobensoic  acid. 

When  1  pt.  of  orthonitrobenzoic  acid  is  gradually  added  to  a  warm  mixture  of 
equal  parts  of  fuming  nitric  and  sulphuric  acids,  and  the  liquid  is  then  gently  bdled 

t 

*  In  this  itatement  and  in  the  table  immodiatelj  foHowing,  where  wide  intenrate  of  tempentimi 
are  given,  the  loweit  tempenitaros  denote  the  oommenoement  of  eof  tening,  the  highest  the  point 
at  which  oomplctc  fiulon  Ukee  plaee. 
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fbr  aboat  a  quarter  of  an  hour,  a  product  is  obtained  oonaisting  of  thvae  dinitxoto- 
Eoic  acids,  together  with  styphmc  acid ;  and  on  pouring  the  aoid  liquid  into  oold 
water,  a  large  portion  of  these  adds  separates  at  once  as  a  yellowish  nidoaUj  lolidi- 
^ng  oil,  the  remainder  separating  only  after  three  or  four  weeks.  Ijm  acid  motiMr- 
hquor  is  then  to  be  separated  by  filtration,  and  the  adhering  nitric  and  mdphiixie 
acids  remoTed  by  washing  with  water.  The  four  nitro-acids  are  next  cofonartad  into 
barium  salts,  by  boiling  the  aqueous  solution  with  barium  carbonate,  and  then  Mlti, 
which  difil^  considerably  in  solubility,  are  sepazated  from  one  another  by  oyitaOlta- 
tion.  They  are  then  decomposed  by  hydrochloric  add,  and  the  adds  thiezibj  ssp** 
rated  are  purified  by  crystallisation  from  water. 

The  three  dinitrobenzoic  adds  thus  obtained  are  represented  by  tbe  ferrnvbi 
1,  2,  and  8  above  given. 

(1.)  CO^  :  N0<  :  NO*  »  1:2  :  6.  This  modification  is  sparing^  loliiblt  in 
cold,  more  freely  in  hot  water,  and  CEystallises  in  needles  or  laige  prisms  melting  st 
140^  Its  barium  salt,  [C^X^O')0^*Ba  +  4H*0,  is  sparugily  soluble  in  M 
water,  and  crystallises  in  white  oblong  six-sided  laminn.  By  reduction  with  tin  and 
hydrochloric  add,  this  acid  is  converted  into  a-diamidobenzoic  add,  ^idiidi  by  diy 
distillation  yields  pomdiamidobenzene,  melting  at  140°  (2nd  SuppU  047).  Hsoes  Um 
two  NO*-groups  in  this  modification  of  dinitrobenzoic  aad  must  stand  to  ona  mnotlicr 
in  the  para-position  1 :  4,  and  consequently  the  add  must  haTe  the  stmebm 
1:2:5. 

(2.)  CO*  :  NO*  :  N0*>-1  :  2  :  4.  Another  of  the  threedinitrobensoioaddsoUained 
as  aboTe  crystallises  from  boiling  water  in  long  white,  highly  lustrous,  brittle  needki; 
or  by  slower  crystallisation  in  lar^e  rhombic  tables  or  prisms.  It  is  about  as  soluble 
in  water  as  the  precediziff  modification,  with  which  it  also  shares  the  pwtpeity  of  nieUia| 
under  boiling  water,  it  melts  in  a  capillary  tube  at  1 79°.  When  treaited  with  tin  sad 
hydrochloric  add  it  does  not  yield  a  diamidobenzoic  add,  but  is  reduesd  at  ones  to 
mi^adiamidobenzene  melting  at  63°.  In  this  respect  and  likewise  in  its  meltiiig 
point  it  agrees  with  the  dinitrobenzoic  add  which  Tiemann  a.  Jndson  obtainsd  uj 
oxidising  ordinary  dinitrotoluene. 

Now  this  dimtrotduene  is  formed  by  nitration,  both  of  ortho-  and  of  paraailro- 
toluene  (Qmd  Suppl,  924),  and  must,  therefore,  have  the  constitntion  ispieseutsd  bj 
the  formuhi,  1  :  2  :  4  or  G«.0H*.N0*.-H.N0*.H.H,  and  the  dmitrobensoie  add  foned 
from  it  by  oxidation  of  the  group  CH*  to  00*H,  must  have  a  similar  eonstitiitioD, 
viz.,  that  represented  by  fig.  2  (p.  267).  Its  two  nitry^l-groups  are  in  the  metsr^on- 
tion  with  regard  to  each  other,  and,  accordingly,  it  is  conrerted  by  rednetion  iilo 
meta-diamidobenzene. 

The  barium  salt  of  this  acid  is  moderately  soluble  in  cdd  water,  and  crystallisai 
in  white  rhombic  or  hexagonal  plates,  which  in  the  air-dried  state  have  the  oonipon- 
tion  [0'H*(NO*)K)*]*Ba  +  3H*0,  and  give  ofP  their  water  of  crystallisation  st 
about  180°. 

(3.)  00*  :  NO*  :  NO*  »  1  :  2  :  6.  The  third  dinitrobenzoic  add  obtained  bj 
nitration  of  orthonitrobenzoic  add,  is  very  soluble  in  boiling  water,  and  solidifies  on 
cooling  from  a  boiling  solution  to  a  pulp  of  white  felted  needles  melting  at  202°.  It 
does  not  melt  under  boiling  water,  like  the  two  adds  previously  described.  like  the 
other  dinitrobenzoic  acids,  it  tastes  intensely  bitter. 

By  dry  distillation  it  is  resolved  into  carbon  dioxide  and  metanitrobensene;  and 
by  tin  and  hydrochloric  acid  it  is  at  once  reduced,  like  the  preceding  modifioation,  to 
metadiamidooenzene.  These  last  two  reactions  show  that  the  two  NO^gronps  in  thii 
acid  are  in  the  meta-position  with  regard  to  one  another,  and  as  one  of  Uiam  oeeopin 
the  podtion  2,  and  the  add  is  different  from  the  last»  the  other  NO*  must  be  at  6,  as 
represented  in  fig.  3. 

The  barium  ^t  of  this  acid  is  very  soluble  even  in  cold  water,  and  oystalliseB 
only  from  a  solution  evaporated  to  a  syrup.  It  forms  white  needles,  whidi  in  the 
air-dried  state  hare  the  composition  [C'H*(N0*)*0*]*Ba+2H«0,  and  giTS  off  their 
water  at  1 30°.  At  higher  temperatures  the  salt  decomposes  in  the  same  mamwr  as 
the  free  add,  yielding  carbon  dioxide  and  dinitrobenzene ;  this  decompodtion  indeed 
takes  place  to  a  slight  extent  even  in  the  boiling  of  the  aqueous  solution* 

(4.)  CO*  :  NO* :  NO*  =  1:3:6.  This  is  the  ordinaijr  modification,  first 
obtaiaed  by  treating  benzoic  acid  with  a  mixture  of  fdming  nitnc  and  sulphuric  acids 
(Cahours.  i.  557)i  afterwards  by  the  action  of  the  same  mixture  on  ordinaiy  (ne^ 
nitrobenzoio  add  (Tiemaon  a.  Judson ;  Muretow,  2nd  Suppl.  165).  It  melte  at  202° 
(T.  and  J.) ;  at  204°-20d°  (Muretow).  By  tin  and  hvdrochloric  acid  it  is  redneed  to 
a-diamidobenzoic  acid  (p  273),  the  hydrochloride  of  which,  when  distilled  with  escMi 
of  barium  hydrate,  gives  off  m^/odiamidobenzene  (m.  p.  62°-^3°).  Consequently  its 
two  nitro-groups  are  in  the  meta-position  relatively  to  one  anouier ;  but  nnoe  it  is 
fcrmod  hy  nitration  of  metanitxobenzoic  sidd,  oue  of  thftsa  gcoupa  must  be  in  the 
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ngjm  pMition  irith  xegud  to  the  carbozyl ;  hence  this  modification  ii  represented  by 
the  irrnimetrieal  formnla,  1:3:6  (fig.  4). 

Ilia  other  two  dinitzobenzoic  adds  in  which  the  two  nitiyl-gronps  are  in  the  ortho 
positioo  with  regard  to  each  other,  viz.  1:2:3  and  1:3:4,  haye  not  jet  been 
»btwiiad ;  bat  the  corresponding  diamidobensoic  acida  are  known,  yii.  those  which 
Qrie—  has  designated  by  the  letters  $  and  y  {2nd  Suppl.  1 187). 

On  oomparing  the  formnUa  of  the  dinitrobenzoic  acids  with  those  of  the  diamido- 
bensenes,  or  phenylenediamines,  it  will  be  obserred :  ( 1).  That  paradiamidobenaene  can 
be  fonned  from  only  one  of  the  dinitrobenzoic  adds,  viz.,  1:2:5;  (2).  That  orthodi- 
tmidobenzene  might  befbrmed  from  two  of  these  adds,  yiz.  1:8:4  and  1:2:8,  and 
has  actoallT  been  formed  from  the  corresponding  diamidobenzoic  adds  {htd  Sugml, 
9^7*  1187);  and  (8),  that  metadiamidobenzene  may  be  formed  from  dther  of  tiie 
three  adda,  1 :  2  :  4,  1 :  2  :  8,  and  1:8:6.  All  these  condndons  are  frUy  confirmed 
by  eoq^eziment. 

Amld«b«BBOIe  Aolda*  0'BTN0*-0*H«(NH^.0OOH.  AoHtm  qf  Cmhon 
SMkockloridi  cm  JiiitamidobeHMoie  And, — ^When  1  mol.  amidobenzdc  add  is  digested 
with  2  mola.  0801',  in  a  flask  with  reflux  condenser  heated  in  the  water-bath,  hydro- 
ehkcie  add  and  carbon  ozysolphide  are  abundantly  eyolyed*  and  the  solid  mass 
wbkh  remains  after  twelye  horn  digestion,  yidds  to  carbon  sulphide,  as  prindpal 
ptodnet,  a  snbstanoe  which,  after  repeated  crystallisation  from  hot  dilnto  alcohol, 
ashibita  the  compodtion  of  thiocarbamidobenzoie  acid,  OS(NH.O"HHX)'H)*, 
and  ia  identical  with  the  compound  described  as  diearbosyUkiocaftamUd€f  which 
Men  a.  Wdth  obtained  by  treating  amidobenzoio  add  with  an  alooholie  soliition  of 
carbon  disnlphide  (2nd  Suppl.  166) : — 

2lC^XNH«).C0«H]  +  OS*  -  H-S  +  OBJ^flgglgg^ 

2[c^«(NH^cwH]  +  osa«  -  2Ha-  +  csj^°^;g^ 

Tile  same  compound  is  obtained,  with  eyolution  of  ammonia,  by  heating  amidobenaoie 
add  to  180®  with  thiocarbamide  (sulphurea) : 

2[0^*(NH*).CO^  +  CS(NH»)«  -  2NH«  +  CSJ^g^^^ 

Thiocarbamidobenzoie  add  is  a  white  powder  which  cakes  together  at  800®,  and 
daoompoees  at  a  higher  temperature.  It  is  nearly  insoluble  in  water,  rather  difficult 
of  sodution  in  alcohol,  ether,  chloroform,  and  carbon  disnlphide.  It  dissolyes  wifiiout 
decomposition  in  dilute  alkalis,  but  is  decomposed  by  boiling  with  strong  potash- 
ley,  forming  potasdum  sulphide.  When  digested  with  mercuric  oxide,  it  exdianffes 
its    sulphur    for    oxygen,    and    is    conyerted  into   carbamidobenzoic  aoid, 

^  InH  0^^0*H '  "^^^  remains,  on  eyaporation  of  ite  aqueous  solution,  in  crys- 
talline crusts,  somewhat  sparingly  soluble  in  water  (Bathke  a.  Soh&fer,  Liebi^s 
Aimalcnt  dxix.  101). 

The  portion  of  the  product  of  the  action  of  carbon  sulphochloride  on  amidobenzdc 
add,  which  is  insoluble  in  carbon  sulphide,  consiste  for  the  most  part  of  the  hydrochloride 
of  amidobenzoio  add,  which  may  be  dissolyed  out  by  water,  and  there  then  remains  a 
body  insoluble  in  all  the  ordinary  solyents,  and  forming  a  reddish  powder  when  dry. 
This  last  compound  coodsto  of  thiocarbimidobenzoio  acid  {Se^folbengdSiaurc), 
OS=N — O'HHXyiL  It  may  also  be  prepared  br  heating  amidobenzoio  add,  or  tUo- 
earbamidobenzoio  add,  with  carbon  sulphochloride  to  140®  in  sealed  tubes : — 

0^«(NH^COOH  +  C801«  -  2HC1  +  C8N.C^«.00»H 

"^  ^lraLCTE*!cOTE  +  ^^*  "  ^^^  +   2(08N.C*H«.CO*H) ; 

dso  by  boiling  thiocarbamidobenzoie  add  with  hydrochloric  add,  hydrochloride  of 
unidobenzoio  add  then  passing  into  solution : — 

^1nh!ot[*'cOTE  +  SCI  -  C*H«(Nff)00«H.HOl  +  08N.C«H*.00«H. 

Thiocarbimidobenzoio  add  is  soluble  in  alkalis  and  alkaline  carbonates,  and 
liflleult  to  purify.  Ite  potash-solution,  mixed  with  a  lead  salt,  depodts  lead  sulphide 
irfaen  heateo.  Heated  with  water  and  mercuric  oxide,  it  forms  mercuric  sulphide, 
ind  a  body  easily  soluble  in  water,  probably  the  cyanic  add  deriyatiye, 
[X)N.C'H*.00'H.    Thiocarbimidobenzoio  acid  unites  with  aniline^  forming  the  oom- 

^"^"^  ^"^^^^B^^KOOm'  ^^^  ™®^^  ^^  190®-191®,  and  is  identical  with  the  pxo- 

*  In  the  irtiole  ben  died  the  prefizei  meta*  and  para'  tboidd  be  revenedU 
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dnet  which  Han  a.  Weith  obtained  {Detd,  C^mn.  Ota,  Ber,  iiL  244),  hj  additaflitf 
phenyl-thiocarbimide,  GSK.C'HS  to  amidobenzoic  acid.  This  body  ia  inaoliibld  ii 
acids,  bat  dissolves  in  alkalis,  alcohol,  ether,  and  hot  water,  and  sepantei  fnm  thi 
solutions  on  cooling  in  woolly  masses.  The  snlphnr  in  it  ia  looaely  eoalioid, 
and  may  be  removed  by  silver  nitrate  in  alcoholic  or  ammoniacal  sdlntioo  (BaUibi. 
Schafer). 

Fabaxidobbneoio  or  Axidodbactlic  Acid,  C'.G0*H.HANB^J>. 
According  to  A.  Michael  (Jkut,  Chem.  Ges,  Ber,  z.  5761  this  add  may  be  adm. 
tageonsly  prepared  by  boiling  its  ozysnccinyl-  or  o^phthalyl-derivative  (i%/i«)vitk 
hydrochloric  acid«  and  decomposing  the  hydrochlonde  of  amidodncjlic  aidd,  vluek 
separates  on  cooling,  with  sodiiun  carbonate.  On  acidulating  the  leaulting  Mhtloi 
with  acetic  acid,  a  precipitate  of  amidodracylic  acid  is  obtained,  metto^  at  188*. 
187^,  and  exhibiting  the  other  characteristic  properties  of  the  add. 

Oxywoeinylparamidoberuoio  Acid,  C»H»NO»  =  (?HVC;;^*^-^'*°*-^'^^,ii 

prepared  b^  the  action  of  potassium  permanganate  in  hot  aqueous  soliitioe  on  pi» 
tolylsuccimmide  (obtained  by  fusing  1  mol.  solid  toluidine  with  1  mol.  snMiok  acidl 
The  quantity  of  permanganate  theoretically  required  is  2  mols.  to  1  md.  tdyliacfliiii- 
mide,  but  it  is  best  to  use  an  excess ;  with  6  mols.  permanganate  a  unifonn  piodwt  ii 
formed,  whidi  may  be  obtained  pure  by  one  crystallisation.  I^  however,  the  aeid  is  to 
be  used  for  the  preparation  of  paramidobensoic  add,  a  suffidently  pure  prodoet  maj 
be  obtained  with  4  mols.  of  the  permanganate. 

Oxysncdnylparamidobenzdc  add  crystallises  in  yellowish  needles  melting  at  itt*- 
226°.  (The  isomeric  acid  whidi  Muretow  obtained  (2nd  Suppl,  llOS)  bjftaiig 
succinic  add  with  metamidobenzoic  add  mdts  at  286°.)  It  ia  spariqgly  solubla  m 
cold,  somewhat  more  readily  in  hot  water,  moderatdy  soluble  in  cold,  very  easily  in  hot 
alcohoL  It  dissolves  also  very  easily  in  ammonia,  and  the  sdution,  when  oonen- 
trated,  yields  a  cxystalline  ammoniwn  salt,  very  soluble  even  in  cold  water.  Tbs 
barium  9aU  is  obtained,  on  mixing  the  conccDtrated  solution  of  the  anunoninm  nh 
with  barium  diloride,  as  a  white  predpitate,  which  dissolves  in  hot  water,  and  sna- 
rates  thoefrom  in  fine  crystalline  laininss.  The  Uad  and  eopper  »aU§,  obtained  ia 
like  manner,  are  also  soluble  in  hot  water ;  the  copper  salt  is  light  blue ;  the  stJwr 
salt  is  a  white  floocnlsnt  predpitate. 

Oxypkihal!/lpmi»mid<^mMoie  aoid,  C»»H»>NO»  -  Cra«<^^^^^*-^^^^^ ,  is 

prepared  in  like  manner  by  oxidation  of  paratolylphthalimide,  0'*H"NO*,  with  ps^ 
manganate  (8  mols.)  ;  the  oxidataon  proceeds  slowly,  as  the  tolylphthalunida  is  bat 
slightly  soluble  in  hot  water.  The  acid,  purified  by  exystallisation  nom  dilute  aloohol, 
mdts  at  275^-277^,  and  is  nearly  insoluble  in  water,  whether  hot  or  odd.  Its  sshs 
resemble  those  oi  the  preceding  acid  (Michad). 

Bromamldobensole  Aolda.  C*H«Br(NH*)CO^    Two  bromcrtkamidobim' 

eoic  aeids,  a  and  fi,  have  been  prepared  by  Hubner  a.  Feterman  (Is^  BtippL  817). 
They  are  obtained  by  reduction  of  the  corresponding  bromoDitrobenaoie  adu 
(t6M.  816),  with  tin  and  hydrochloric  add,  care  being  taken  not  to  continue  tiieaetiQa 
too  long  or  to  ^ow  it  to  become  violent,  otherwise  debrominatian  will  taki 
place. 

The  o-add,  C*.GO*H.NH*.Br.H*,  forms  colourless  needles  spazingly  aolnble  ia 
water,  melting  at  171**-172°.  The  copper  salt,  rO«H>Br(NH«)COTOu,  iB_pd6  bios 
and  insduble  in  water  (Hiibner  a.  Petermann).  The  siiver  aaU,  0*a*Br(NH*).00*AA 
prepared  firom  the  ammonium  salt  with  silver  nitrate,  ciystallisea  from  water  ia 
colourless  easily  soluble  needles.  The  lead  salt  forms  a  white  predpitate  insoluble  in 
water  (Hubner  a.  Hdnzerling,  Zeitsekr.  p.  Chem,  1871,  709). 

The  iS-add  crystallises  in  long  colourless  needles,  veiy  slightly  sduble  in  water, 
melting  at  208^,  and  volatilising  without  decompontion. 

By  the  further  action  of  tin  and  hydrochloric  add,  or  better  by  agitating  tha  ftaa  adds 
or  their  copper  salts  with  sodium-amalgam  and  a  large  quantity  of  water,  both  these 
bromamido-adds  are  converted  into  orthamidobemsdo  (anthranilie)  add  (TTBbnsr  s^ 
Petermann.) 

Parabromometamidobenroie  aeid,  C*.C0'H.H.NH'3rJEP.  —  Puabrano- 
benzoic  acid  is  converted  b^  nitric  acid  into  metanitroparabromobenioie  add  (oLp. 
199°),  and  this,  by  the  action  of  tin  and  hydrochloric  acid,  into  the  oorreaponding 
bromamido-add,  which  crystallises  from  hot  water  in  colourless  and  Ugfat  jillinr 
needles  melting  at  220°-221°.    It  unites  both  with  bases  and  with  adds. 

The  hydrodUaride,  0*H"Br(NH')C0'H.H01,  forms  colourless  needlea  whidi  tan 
brown  on  exposure  to  light.    The  nitrate,  G<H'Br2(NH*)C0^N0%  fiums  Ugiit 
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hnrnrx     flat     needlei,    which     are     deoompoaed     bj     water.       The    iulphaU, 
(MEL'Br(NH>XC0^.80^.  forms  small  needles  Ukewise  decomposed  by  water. 

Hie  copper  taU,  [G*H*Br(NH<)C^K)ii,  is  a  bright  green  pecipitate  scarcely 
■olnble  in  water.  The  lead  salt,  [C^Br(NH')00^'Pb,  is  a  white  precipitate  in- 
nlnble  in  water  (A.  Bnrghard,  Deut.  Chem,  Gee,  Ber,  Tiii.  568). 

Di^odometamidobengoio  acids,  G*fl*I^NH*).OOOH.— When  an  alcoholic 
iohitioii  of  metemidobenjBoic  acid,  melting  at  178®,  is  treated  with  iodine  and  mercnrio 
oxide,  merenrie  iodide  is  formed,  and  the  solution  acquires  a  deep  red  colour.  On 
erapoKating  the  alcohol,  extracting  the  residue  with  a  dilate  solution  of  soda,  and 
adcunff  an  acid  to  the  filtered  liqaid,  a  violet-coloured  precipitate  is  obtained,  consist- 
iDf  ozooloarless microscopic  needles  and  a  red  amorphous  substance.  On  boiling 
tfaia  with  bensene,  the  crystals  dissolve  and  separate  again  on  cooling  in  red  needles, 
which  ma^  be  purified  by  treating  their  alcoholic  solution  with  animal  charcoal,  and 
pMcipitatmg  with  water.  As,  howeyer,  the  crystalline  substance  is  only  slightly 
■oluDle  in  benzene,  it  is  better  to  dissolve  the  crude  product  in  alcohol,  and  to  purify 
it  by  fractional  precipitation  with  lead  acetate,  whicn  throws  down  the  red  compound 
fizat.  The  substance  which  crystallises  in  long  colourless  needles  is  di-iodamiaoben- 
floie  acid.  It  is  insoluble  in  water,  but  easily  raluble  in  alcohol  or  e^er,  and  in  solu- 
tions of  the  caustic  and  carbonated  alkalis.  The  potaetrntn  salt,  C*H*IXNH*)CO^ 
obtained  by  mixing  alcoholic  solutions  of  the  acid  and  of  potassium  hydnte,  Qzystal- 
liflea  in  lonff  silky  needles  (R.  Benedikt,  Deut.  Chem,  Oes,  ier,  viii.  884). 

The  red  amorphous  substance  above  mentioned  is  di-iodasobensoic  acid, 
0««H»PN«0«  (p.  274). 

VtmuBaldobMuiole  Aelds,  C^XN0*XNH*).C0>(H.     1.  The  three  nitramido- 

bename  acids  derived  from  uramidobenzoic  acid  have  been  already  described  {2nd 

Smppl.  1187).    As  uzamidobensoic  acid  is  a  derivative  of  (1:3)  axnidobenxoic  acid, 

thasa  three  nitramido-acids  must  also  have  their  NBE'-groupin  themeta-position  with 

neazd  to  the  00^ ;  and  since  they  are  converted  by  reduction  into  the  three  diami- 

dobensoic  aoids,  a,  fi,  y  (p.  273),  their  oonstuution  must  be  represented  by  the  follow- 

iiiff  formula: 

00*H  00*H  00*H 


NO" 

a  B 


!NH» 


\/ 


WH* 


2.  JfiiToparamidohengoie  or  Nitramidodraeylie  aeid,  CH'NK)^  » 
C^.O(yELH.N<yjJH»JBP,  is  produced:  (1.)  Bj  treating  uramidodracylic  acid, 
Ofl*N*0«  (2nd  iA^/.  166),  with  fuming  nitric  acid,  and  boiling  the  resulting  di- 
mtrouramidodracybc  acid  with  water : 

C»H«(N0«)«N«0»  -  C0«  +  N«0  +   C'H«N«0* 

(Grieas,  Deut.  Chem.  Oes,  Ber.  v.  866). 

(2.)  By  the  action  of  aqueous  ammonia  at  high  temperatures  on  nitranisic  acid, 
C«.GO^HJLNO*.OCH*.H*,  the  group  OCH*  being  rephused  by  NH*.  Nitranisic  acid 
or  its  sodium  salt  is  heated  in  sealed  tubes  to  140°.  170®  for  three  or  four  hours  with 
aqueous  ammonia  of  sp.  gr.  0'92-0*98.  When  the  tubes  are  charged  with  free 
mtianisic  acid,  a  deep  brown-red  liquid  is  produced,  which,  when  poured  out,  solidifies 
immediately  to  a  mass  of  red  ciystalline  laminse  of  ammonium  nitramidodra^late,  to 
be  pinrified  by  repeated  crystallisation  from  water  containing  a  little  ammonia,  the 
salt  being  somewhat  deoompoeible  by  pure  water.  When  the  tubes  have  been 
charged  with  sodium  nitranisate,  the  resulting  solution,  after  the  expulsion  of  free 
ammonia  by  heat,  is  mixed  with  hydrochloric  add,  the  crude  nitramioodracylic  acid 
thereby  precipitated  is  dissolved  .in  ammonia,  and  the  ammonium  salt  purified  as 
above  (H.  Sauowski,  lAebi^s  Annalen,  clxxiii.  62). 

Nitramidodraeylie  add,  separated  horn  the  ammonium  salt  by  hydrochloric  acid, 
is  a  deep  yellow  predpitate  which  crystallises  from  alcohol  in  tufts  of  redd^sh-yellow 
needlea,  melting  at  2814^.  It  dissolves  but  slightly  in  alcohol  even  at  boiling  heat, 
and  is  insoluble  in  water  (Salkowski) ;  slightly  soluble  in  hot  watery  more  easily  in 
boiling  alcohol  (Oriess).    After  drying  in  Uie  air  it  does  not  lose  weight  at  100®. 

Botassium  NUramidodtaeylaU,  0*H*(NO'XNH').CO%  +  H*0,  prepared  by  saturat- 
ing the  acid  suspended  in  hot  water  with  the  calculated  quantity  of  potassium  car 
Um^a,  oystaUises  in  orange-coloured  prisms.    The  siUter  eoU  is  a  visdd  ydlow 
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pMdpitate.    The  banum  salt,  [0«H*(NH*)(NO')]*Ba  •«•  5HK),  is  bat  sligfaaj  aotaUc 
in  hot  "water,  and  separates  on  cooling,  in  orange-odloured  needles  and  lMnT"fl>, 

Nitrainidodracylic  acid,  though  not  identical  irith  either  of  the  nitramidobeoMM 
acids  described  bj  Griess,  neyerdieless  gives,  when  treated  with  tin  and  hydrodikne 
acid,  the  same  diamidobenzoic  acid,  melting  with  decomposition  at  210®,  that  is 
obtained  bj  redaction  of  /S-nitro-amidobenzoic  acid  from  iS-dinitro-azamidobeiiMio 
add  (2nd  Suppl,  1187):  hence  it  has  the  constitution  represented  bj  the  flzffc  of  tht 
following  figures : — 

00^  GOV  00"H 

y\  /^  /\ 


HH"  HH»  HO* 

mtmnldodxaoylio  d-DIamido-  B-Mltninldo- 

•oiiL  tienioiOMdd*  iMnioioMld* 

Nitro-amidodraojlic  add,  boiled  with  potash-lej,  is  converted,  bj  earohanga  of  RH^ 
for  OH,  into  oj^itrodrac^lio  add,  0*.CO*HAN0*.OH.H*,  and  /S-nitto-ammobeooie 
add,  in  like  manner  into  the  isomeric  compound,  iS-ozynitrobenioie  add, 
C«.CO»H.H.OHJ^O».H«  (Griees,  ). 

Kitro-amidodracvlic  acid«  treated  with  a  cold  solution  of  nitrous  add  in  abaoliiti 
alcohol,  is  conyerted  into  nitroparadiazobenzoic  add,  (O'H'(NO^'NH)*,  which,  whsa 
bcdled  with  alcohol,  yields  ordinary  (meta-)  nitrobenzoic  add.  If,  on  the  other  hand, 
the  nitroamidodracjrlic  add  be  treated  with  a  warm  alcoholic  solution  of  nitrou  add, 
a  semi-fluid  mass  is  formed,  partly  soluble  in  ammonia,  the  insoluble  portian  wj^ 
parently  consisting  of  ethylic  mtrobenzoate,  while  the  ammoniacal  solution  mixed  witb 
nydrochloric  acid  yields  a  precipitate  whidi,  when  purified  by  recrystalliflatum  and 
finally  by  distillation  with  water,  melts  at  160^,  and  has  the  oompodtion  of  dilon^ 
benzoic  add,  OTEL^OIO^  (Salkowski). 

Nitr<HHrthamidobengoie  acids. — Of  this  add  there  are  two  known  modifiea» 
tions  (a- 1 :  2  :  6  and  /S-  1  :  2  :  8).  They  are  formed  by  heating  the  diethylie  ethen  of 
the  corresponding  nitrosalicylic  adds,  C^H*(NO'XOH).00^  with  alcoholic  ammonia, 
and  decomposing  the  resulting  nitramidobenzamides,  C'H*(KO*X^^^-G(^^^  Vf 
boiling  with  baryta-water.  Both  adds  crystallise  in  long  needles,  llie  a-add 
melts  at  270** ;  the  /3-add  at  205^.  Both  are  reduced  by  sodium-amalgam  to  ortho- 
amidobenzoic  (anthranilic)  add. 

3.  Dini\tro  -  orihamidohengo  to  or  Dinit  ro -anthranilie  aeid, 
C«H>(NO*)>NH*.00«H  (H.  Salkowski,  Liebi^t  Jsmalm,  clzxiii.  40).— This  add  is 
funned,  together  witb  its  methylic  ether,  by  heating  the  methylic  ether  of  dinitio- 
etbylsalicylic  add  with  excess  of  aqueous  ammonia  on  the  water-bath : 

C«H«(NO*)«OC«H».CO«OH«  +  NH«  =  C«H*0  +   C«H«(N0»)*NH«.C0«CH" 
Ifothyl  dtnitroethylBalioyUte.  Hethyl  dlnlteoeattazaiillate. 

and         0«H«(NO«)^00»H»).CO«OH»  +  2NHK)H  -  C«H*0  +  CHH)  +  H«0  + 

C«BP(NO«)«NH*.00«NH«. 
Ammoniimk  dinitcoantlmnilate. 

The  solid  product  of  the  reaction  is  pulverised,  again  treated  with  ^ntmnmi^^^  |||bb 
washed,  dried,  and  crystallised  from  not  alcohol,  whereby  crystalline  ^^*nnip  m 
obtained,  consisting  of  the  methylic  ether  of  dinitroanthranilic  acid.  The  ammoniaeal 
solution,  when  freed  fh>m  excess  of  ammonia,  gives  with  hydrochloric  add  a  daip 
yellow  predpitate  of  dinitroanthranilic  acid,  small  in  quantity  in  comjpariwm  with 
the  solid  product  of  the  reaction.  The  add  is  washed,  dried,  crystallised  from  boiliag 
alcohol,  and  redissolved  in  ammonia ;  the  ammoniacal  solution  is  evaporated  to  the 
crystallising  point ;  and  these  operations  are  repeated  several  times  in  order  to  reoiove 
a  small  quantity  of  the  still  remaining  methylic  ether.  In  this  manner  two  kinds  of 
crystals  are  obtained,  one  darker-coloured,  the  other  lighter  (like  the  a-  and  3-  duyi- 
anisate),  but  nevertheless  identical  in  compodtion. 

Dinitroanthranilic  acid,  separated  from  the  purified  ammonium  salt  by  hydro> 
chloric  acid,  is  a  deep  yellow  predpitate,  and  crystallises  from  alcohol,  in  which  it  is 
slightly  soluble,  in  golden-yellow  scales,  very  much  like  chryanidc  add.  It  mdti  at 
266^  (chrysanisic  add  at  268^). 
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The  ammmium  salt,  OHXN02)2NH«.CO*NH<  +  H«0,  forms  yellow  or  brown 
needles. 

The  methylio  ether  crystallises  from  hot  alcohol  in  narrow  yellow  lamine  or 
feathery  groups  of  needles,  melting  at  165^.  It  is  slightly  soluble  in  boiling  alcohol, 
T617  slightly  in  cold  alcohol,  insoluble  in  water.  It  is  scarcely  attacked  hv  a  boiling 
•olation  of  sodium  carbonate,  but  when  boiled  with  caustic  soda,  it  gives  off  ammonia, 
and  is  converted  into  the  disodic  salt  of  dinitrosalicylic  acid : 

0»H«(NO')«NH«.COKIH»  +   2NaOH  =  NH«  +  CH*0  +  C«H»(NO*yONa.CO«Na. 

The  etkvHc  ether,  C«H«rNO«)*NH«.00«(?H»,  prepared  by  passing  hydrochloric  acid 

Sm  into  the  alooholio  solution  of  the  acid,  precipitating  with  water,  washing  with 
lute  ammonia,  and  recrystallising  fh>m  hot  alcdiol,  forms  yellow  lamine  melting  at 
135^,  and  only  sparingly  solnble  in  alcohol  even  at  the  boiling  heat 
On  Ihnitropartbmidooetkeoio  or  Chryeanieio  acid,  see  2nd  SuppL  886. 

IHamldobanxole  Add,  OH*(NH*)^000H.  (Ghness,  Liehi^a  Annalen,  cliv. 
325  ;  J.  pr,  Ckem.  [2],  yi.  927 ;  DetU.  Chem,  Gee.  Ber.  v.  192,  yii.  1223  ;  Proc.  Roy^ 
JSbc.  zz.  168  ;  Wnrstera.  Ambiihl,  DetU.  Chem.  Gee.  Ber.  yii.  213 ;  Meyer  a.  Wurster, 
tbid.  y.  686;  Liebig^a  AnruUen,  clzxi.  62;  H.  Salkowski,  ibid,  clxxiii.  56,  65). 
Oriess,  by  boiling  the  three  dinitro-uramidobensoic  acids,  G'H*^NO')^H>*  {2nd 
SKppl.  1186)  with  water,  obtained  the  three  corresponding  nitroamidobenzoic  acids, 
C?ff(NO«)raH«).COOH;  and  these  by  reduction  with  tin  and  hydrochloric  acid 
yield  the  three  corresponding  diamidobenzoic  acids  Mistinguished  as  a,  fi,  and  7). 
These  latter  are  resolved  by  d^  distillation  into  carbon  dioxide  and  diamidobenzenes  or 
phenylene-diaminee,  C'H^NH')*,  the  o-add  yielding  paradiamidobenzene,  and  the 
other  two  yielding  orthodiamidobenzene,  whence  it  fdlows  that  the  a-diamidobenzoio 
add  has  the  two  NH'-groups  in  the  position  1  :  4,  while  in  the  fi-  and  7-acids  they  are 
in  the  position  1  :  2.  Further,  Salkowski  has  shown  that  Qriess's  /3-diamidobenzoic 
add  is  identical  with  that  which  is  obtained  by  heating  nitranisic  (nitromethylpara- 
ozybenzoic)  acid  with  aqueous  ammonia  to  140^-170^  in  sealed  tubes,  whereby  it  is 
eonverted  into  nitroparamidobenzoic  acid,  and  reducing  the  latter  with  tin  and  hydro- 
chloric add.  Now,  remembering  that  this  diamidobenzoic  acid  is  resolved  by  distil- 
lation into  00'  and  orthodiamidobenzene,  it  is  evident  that  the  nitroparamidobenzoic 
acid  £rom  which  it  is  formed  must  have  the  NO'-  and  NH'-groups  in  the  ortho-posi- 
tion. Oonsequently,  nitranisic  add  and  nitroparamidobenzoic  add  must  be  repre- 
•ented  by  the  following  formulae : 


00H»  NH" 

and  the  three  diamidobenzoic  adds  obtained  by  Ghness,  as  above  mentioned,  by  the 

formalse : 

00^  CJO^  00^ 

/\hh"  /\  <  \nh" 


SB\y 


NH" 


fNH« 


\/ 


NH« 


The  three  metodiamidobenzoic  acids,  1  :  2  :  4,  1  :  2  :  6,  and  1  :  3  :  5  (CO^  in  1), 
are  formed  by  reduction  of  the  corresponding  dinitrobenzoic  acids  (p.  267),  and  are 
resolved  by  distillation  into  CO*  and  ^n^odiamidobenzene. 

The  symmetrical  modification  (1:3:5)  was  discovered  byVoit  in  1856  (iv.  294), 
and  has  been  further  examined  by  Qriess  (Liebiff's  Annalen,  [1870],  div.  325),  who 
finda  that  it  crystallises  from  water  in  long  nearly  white  neMlcus  melting  at  about 
240^  when  quickly  heated,  but  not  sublimable  without  decomposition ;  1000  pts.  of 
water  dissolve  1 1  pts.  of  the  acid ;  alcohol  and  ether  dissolve  it  more  readily.  It 
unites  (contrary  to  Voit's  statement)  with  bases  as  well  as  with  acids.  The  barium 
aalty  |C^H'(NH*)*0^^a+14HK),  crystallises  in  whitish  to  honey-yellow  prisms  or 
spiculx,  easily  soluble  in  water,  less  easily  in  alcohol.  The  silver  salt, 
C'H*(NH*W2Ag  +  2BP0,  forms  white  microscopic  needles;  the  lead  salt  narrow 
UTnini»>,  The  hydrochloride  crystallises  in  white  easily  soluble  needles;  the  nitrate  in 
long  laminsB,  easily  soluble  in  hot  water,  less  easily  in  cold  water  and  in  alcohol ;  the 
oxalate  in  small  slightly  soluble  rhombic  prisms. 

^d  Sup,  T 
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The  add,  tzeated  with  eixcees  of  bromine  water,  is  cooTertod  into  tribromodl- 
amidobensoio  acid,  C^r^NH«)*.CO*H. 

Baee  obtained  by  the  action  of  Methyl  iodide  on  1:3:6  DiamidobenMaie  rnaid^^ 
When  1  pt  of  this  acid  ie  mixed  with  10  pts.  of  methyl  alcohol  and  twiea  as  madi 
concentrated  potash  as  is  required  for  neutndising  the  acid,  and  6  mols.  of  meUijl  iodide 
are  then  added  £>r  each  molecule  of  diamidobenzoic  acid  present,  a  brisk  reacticm  sets  is, 
and  the  liquid  soon  becomes  acid.  On  adding  more  potash,  and  repeating  this  trcat- 
ment  till  tne  liquid  remains  alkaline  even  after  the  addition  of  more  methjl  iodide^  a 
product  is  obtamed,  containing  the  elements  of  2  mols.  hydriodic  acid  uid  1  moL 
hezmethyldiamidobensoic  acid,  (rH>(GH')«NK)*.2HI  +  H'O,  bnt  nallj  em- 
sisting  of  the  di-iodide  of  an  ammonium  base,  [C^XGH*)*0<]N'J'+H!H>.  The 
aqueous  solution  of  this  iodide,  mixed  with  a  solution  of  iodine  in  potasnani  iodids^ 
yields  a  periodide  which  separatee  in  slender  brownish-Tellow  needles. 

The  so-calledfiree  acid— more  probably  base  or  hydroxide— [C^«(OH*)^N'.(OH]F, 
is  obtained  by  decomposing  the  hydriooide  with  moist  silver  oxide.  It  fbnns  a  tbt 
hygroscopic  cxystalline  mass,  consisting  of  soft  white  plates,  and  is  as  cttastie  and 
alkaline  as  potash.  Its  aqueous  solution  destroys  the  epidermis,  pgedpitatas  msCsUie 
salts,  and  rapidly  absorbs  carbon  dioxide.  The  chloride,  [CrH^CH|)«Of|NK}l*-i-  4HW, 
may  be  obtained  by  neutralising  the  base  with  hydrochloric  acid,  or  more  ooiftTi> 
niently,  by  decomposing  the  iodide  with  silver  chloride.  It  is  very  soluble  in  witar, 
sparingly  in  hot,  and  still  lees  soluble  in  cold  alcohol,  and  forms  small,  white,  fl^isteo- 
ing  six-sided  platee,  which  lose  their  water  at  100^.  The  plaHmoMoiriiit 
[(7HXCH")*0^NK!l*Jta«  +  HK>,  is  a  precipitate  consisting  of  v^  small,  nle- 
fellow  plates,  commonly  grouped  in  stars.  The  carbonate,  [C^X0H')<O'JMK)O' + 8£P0, 
18  formed  by  decomposing  the  iodide  with  silver  carboDate,  and  crystallises  frosi 
water  in  small,  very  soluble  plates  having  an  alkaline  reaction  (Ghriess,  Bemt,  Ckmu 
Gee,  Bar,  vii.  89). 

THamldobensolo  Aold,  G*.CO>H.NH'.H.NH*.NH*.H.  FMduced  by  lednetion 
of  dinitroparamidobenzoic  (chrysanisic)  acid  {^nd  Suppl.  167). 

Asobensolo  Aoldf  C*«H*«NK)*.  According  to  Fittica  (Deut.  CfteM.  Gee, 
Ber,  vii.  252),  the  ethylic  ether  of  ordinary  asobenzoic  acid  melts  at  97^i  that  of 
parazobenzoic  or  azodracylic  acid  at  88^. 

Action  of  Ethyl  Iodide  on  Silver  Aschenzoaie. — This  reaction  yields  ^fwo  com- 
pounds: (1)  A  bibasic  acid,  C>«H*(C<Ho)>NK)\  crystallising  in  nearly  white  needDsi^ 
and  forming  well-ciystallised  salts,  the  silver  salt  having  uie  oompositioo 
C"H«Ag«(0«H»)«NW,  the  barium  salt  C»«H«Ba(0»H»)«N«0*. 

(2)  A  body  which  forms  irregular  crystals  melting  at  74^-76^,  different  therefoie 
fh>m  Strecker  B  ethyl  azobenzoate  {\st  Suppl.  321),  which  melts  at  90^-92^.  Both 
these  compounds  when  treated  with  alcohoUc  potash  yield  an  acid  having  the 
composition  0»«H»<N«O*  or  0"H»(Cra»)NH)«  (Gofubeff,  Deui.  Chem.  Gee.  Ser.  vii. 
1651). 

Di-iodagobenjeoie  acid,  C"H»PN«0«  =  0'H»I<^q^=^^P^C«H»I,  is  the  red 

substance  formed,  together  with  di-iodamidobenzoic  acid,  by  the  action  of  iodine  and 
mercuric  oxide  on  metamidobenzoic  add  (p.  271).  It  may  be  separated  from  the 
amido-aeid  by  fractional  precipitation  with  lead  acetate,  and  obtained  in  the  free 
state  by  decomposing  its  lead  salt  with  hydrogen  sulphide.  Like  most  azo-adds  it  is 
amorphous  and  easily  soluble  in  acids  and  alloklis.  Its  alkaline  solution  treated  with 
godium-amalgam  rapidly  becomes  yellow,  but  again  acquires  a  brownish-red  tint  on 
exposure  to  uie  air  (Benedict,  Deut.  Chern,  Gee.  Ber,  viii.  384). 

DinOragobengoie  acid,  0>«H*(NO^*NK)«.— This  acid  is  obtained  by  boi^ng  freshly 
precipitated  azobenzoic  add  (from  ordinaiy  nitrobenzoic  add^  with  nitric  add  of  sp^  gr. 
1'52.  It  is  czystalliaable,  insoluble  in  cold  water,  and  spanngly  soluble  in  hot  witar 
and  in  alcohol.  It  does  not  melt  when  heated,  but  is  decomposed  with  detonation. 
Its  salts  also  detonate.  The  salts  of  the  alkali-metals  are  easily  solubie  in  water, 
insoluble  in  alcohol,  and  crystalline.  The  barium,  cojdmwim,  ana  oakmm  eaUa  an 
obtained  as  oystaUine  precipitates.  The  ethylic  ether,  C"HX0"H»)"(NO")*NW,  is  a 
solid  crystalline  substance  (Golubefl^  ibid.  487). 

Blasobenmolo  Oompounda  (Ghriess,  Deut.  Chem,  Gee.  Ber.  ix.  1653). 
Orthodiazobenzoic  nitrate,  (TH^W.NHO*  or  CH*N«0«.NO",  is  prepared  by  passiiif; 
nitrous  acid  vapour  into  an  ice-cooled  pasty  mixture  of  orthamidobenzoic  (anthranilie) 
nitrate  and  nitric  acid  previously  diluted  with  an  equal  volume  of  water,  till  the 
whole  is  dissolved  and  an  excess  of  nitrous  acid  is  present,  which  may  be  easily  recog- 
nised by  the  odour.  On  mixing  the  resulting  solution  with  strong  alcohol,  and  adding 
ether,  me  nitrate  separates  in  white  rhombic  six-sided  tables  or  prisms.    It  dissolves 
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T«ry  Msilj  in  cold  vater,  somewhat  less  in  alcohol,  and  explodes  yiolentlj  wheu 
befl^«d.  On  boiling  its  aqueoos  solution,  the  compound  is  resolved  into  salicylic  acid, 
nitrie  add,  and  free  nitrogen : 

Cra«N«0*.NO»H  +  H«0  =  C»H«0»  +  NO«H  +  N». 

A  banc  nitiateb  2CH^NK>'.N0*H,  is  produced  by  dissolving  the  preceding  com- 
pouid  in  a  small  quantity  of  cold  water,  adding  alcohol  and  ether,  and  repeating 
them  operations  several  times  on  the  crystals  which  se|iarate  out.  It  is  thus  obtained 
IB  long  white  needles,  which  agree  in  almost  all  their,  characters  with  the  normal 
mtzate,  espedallj  in  their  reaetion  with  boiling  water : 

2CrH«N«0«JJ0»H  +  2HK)  -  2CrH«0«  +  NO«H  +  2N«. 

MetadiaMobenMoie  Sulphate,  (7H«NH)*J30«H*,  is  prepared,  like  the  preceding  com- 
pound, by  pasnng  nitrous  add  in  excess  into  a  thin  paste  of  amidobensoic  sulphate  and 
oilute  aimmurio  add,  and  separates  immediatelv  in  the  crystalline  form,  on  filtering  the 
•olution  Qom  the  very  sparingly  soluble  metadiasobensoic  nitrate  which  fonmi  at  the 
same  time,  and  mixing  the  filtrate  with  alcohol  and  ether.  It  forms  nearly  white, 
loqg;  nanow  laming,  extremely  soluble  in  water,  and  decomposing  with  detonation 
whenheated. 

A  bade  sulphate,  5CH^K)'.2SO^H',  is  prepared  firom  the  preceding  salt  in  the 
sane  manner  as  the  bade  nitrate  from  the  normal  nitrate,  and  crystallises  in  small 
needles,  which  decompose  when  their  aqueous  solution  is  boiled,  yielding  oxybensoic 
add,  aalphuric  add  and  free  nitrogen : 

6(rH*NK)«.280<H«  +   6H«0  -  6CrHK)»  +   2S0«H«  +  6N«. 

Aeoording  to  Kekul^'s  view  of  the  constitution  of  the  diazo-compounds  (Is^  Suppl, 
S09X  the  nonnal  salts  above  described  are  represented  by  the  following  formulae : 

Nitrate.  CrB«N«0«.NO»H    -  C«H«<^^~^^ 

Sulphate.  CTH^NWSO^BP  -  C^^^OTl"^*^ 

Oriess  objects  to  this  view,  on  the  ground  that  it  does  not  exphdn  the  constitution 
of  the  bade  salts  just  described,  and  he  represents  these  and  the  normal  salts  by  the 
IbUowisg  formulae : 

Konnal  nitrsto.  Basic  nitrate. 

C«H»=N«,NO^  /C«H«=N«x 

U2(l  ),NO»H 

\CO«H       / 

Kormsl  ralphato.  Baaio  ndphale. 

U6(  I  ),2S0<H« 

VCO'H        / 

These  formulae,  however,  give  no  insight  into  the  constitution  of  the  salts,  but  merely 
express  that  the  molecules  CH^'O^  and  NO*H  or  SO^H'  are  united  in  certain  pro- 
portions in  a  manner  which  cannot  at  present  be  explained. 

If,  on  the  other  hand,  we  adopt  Eekul^'s  view,  the  basic  nitrate,  C'*H*NH)',  may 
be  represented  by  the  constitutional  formula : 

P^^N=N— NO* 
^^>^00«— C«H«— N=N— 00^ 

and  the  same  mode  of  representation  might  obviously  be  extended  to  atribade,  quadri- 
bmde  nitrate,  &c 

The  f-bade  sulphate,  0**H>^>*SH)>',  may  perhaps  be  formulated  as  follows : 

^/NH— NH— S0*H 
^  ^  N00»— (C*H«.N«.C0«)<-S0«H 

Hydrodiagobengoio  aoid,  CB*IfHy  -  OH«<^^^^^ .— This  add  is  re- 

lated  to  the  metadiaiobenzoic  compounds  in  the  same  manner  as  phenyl-hydrazine 
(jf.v.)  to  the  diasobensene  compounds : 

C«H»— N=N— R'  C«HW0«H)— Ni^N— R' 

DtMObenime  silt.  Diasobenxoio  salt 

C«H»  -NH--NH"  0«H  VCO«H)— NH-  NH» 

Pheoyl-hydruiae,  HTdzodlMobcnaoIo  odd. 

t2 
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To  prepare  it,  metadiazobeiisoic  nitrate  (1  pt)  triturated  with  water  !•  SEadaillj 
added  to  a  cold  concentrated  solution  of  neutral  potasnnm  eulphite  (2  pta.^  and  the 
liquid  is  gently  warmed,  and  mixed  with  excess  of  hydzochlorio  acid;  it  theo»  oo 
cooling,  yields  an  abundant  crystalliBation  of  potassium  diaaosulphobeopoatey 
C*H«(C0>!H1N<.S0*K,  in  light  yeUow,  long,  narrow  lamins,  which  detonate  ■tz<M^y 
when  heatecL  On  treating  this  salt  with  tin  and  hydrochlorio  acid,  removing  tba  tin 
ftom  the  resulting  solution  with  hydro^n  sulphide,  and  evaporating  the  liltiste  till  it 
begins  to  oystallise,  then  supersaturating  witn  ammonia,  aiul  finally  adding  anoaii  of 
acetic  acid,  hydzodiaaobenaoic  add  separates  on  cooling  in  brownish  crjatnl%  wbSA 
may  easily  be  obtained  quite  pure  by  reciystallisation  £rom  b<»ling  water,  with  addi- 
tion of  ammal  charcoal. 

Hydrodiasobenzoic  acid  may  also  be  prepared  ^similarly  to  ^enyl-hjdraBnt) 
by   treating  potassium  diazosmphobensoate  with  euo  and   acetic   add*  whanhw 


it  is  oouTarted,  by  assumption  of  H*,  into  the  hydrodiaaosiilphobenioafta^ 
G«HVOO*H>—NH—NH-'SO'K,— which  may  be  obtained  by  nredpitafing  tlw  sae 
with  hydrogen  sulphide,  filtering  and  evaporating,  in  small  nodules  eaafly  Mduble  ia 
hot  water, — and  boiling  this  salt  with  hy&ochlorio  add,  whereby  ihib  hvozodiaaosal> 
phobensoic  add  is  resdred,  with  assumption  of  water,  into  sulphuric  and  hjdrodiaao- 
Denzoic  adds : 

C»HXCO«H)— NH— NH— SO»H  +  HH)  -  SO*H«  +  CraXCO^)— NH— OTPL 

If,  on  the  other  hand,  the  hydrodiasosulphobensoate  be  boiled  with  strong  potash  lij, 
its  nitrogen  is  given  off  as  gas,  and  the  product  consists  of  benado  and  sulphnrooi 
acids ;  thus : 

C^<(CO*H)— NH— NH— SO»H  «  C«H*(0O*H)  +  N»  +  SO«H». 

Hydrodiaiobenzoic  acid  crrstallises  in  f&intly  yellowish  lamins^  which,  aoeoidi^ 
to  circumstances,  are  either  elliptical  or  3  to  6-8ided.  It  is  tasteless  and  inodoioas; 
in  a  capillary  tube  it  melts  with  frothing  and  decompodtion,  at  186^.  It  is  hd 
sliffhUy  soluble  in  hot,  still  less  in  cold  water  or  alcohol;  quite  insduble  in  ethsr; 
exhibits  a  strong  acid  reaction  with  yegetable  colours. 

Hydrodiasobenzoic  add  unites  with  hydrochloric  add,  forming  the  oon^ooad 
CB.*a^O*MC[,  which  dissdves  eadly  in  hot,  somewhat  sparingly  in  odd  water,  and 
separates  ftom  the  solution  on  addition  of  hydrochloric  add,  in  white  needles  or  hag 
narrow  lamiiue. 

Barkm  BydtwUagobenzoaU,  ((rH'N>0<)>Ba  +  4H'0,  obtained  by  diaaolviig 
barium  carbonate  in  the  hot  aqueous  acid,  crystallises  in  small  nodnlea  yery  nolidkle  in 
water. 

Hydrodiazobenzoic  add  closely  resembles  phenyl-hydrazine  in  nearly  all  its  reac- 
tions, especially  in  its  eas^  redudbilit^  by  certain  metallic  salts  and  by  Fehli^gfs 
solution.  With  nitrous  acid,  however,  it  behaves  somewhat  di^erently ;  for  whereas 
phenyl-hydrazine  is  thereby  conyerted  into  phenyl-nitroeohydrazine,  CnEra\NOX 

>NzzN 
which  easily  splits  up  into  water  and  diazobenzenimide,  Cfl^    /  ,  l^drodiaaohan^ 


zoic  add  on  the  other  hand,  is  directly  conyerted  into  the  imide  of  diasobenaoic  add ; 
thus: 

<H— NH«  JS=S 

+  NO«H  =  C»H«(CO«H)^   /     +  2HH). 

Diazobenzoic  imide  is  also  formed,  together  with  diazobenzenimide,  aniline  and 
amidobenzoic  acid,  by  the  action  of  diazobenzene  nitrate  on  hydrodiazoben^oie  add, 
and  the  same  bodies  are  formed  by  the  action  of  diazobenzoic  nitrate  on  hydrodii 
benzene  (phenyl-hydrazine). 


C«H»— N=N— NO*  +  C«H*(CO«H)— NH— NH» 

Diazobensene  Nitrate.  Hydrodiazobenioio  Add. 


or 


C«H«(C02H)-N=N— NO*  +  CIP-NH-NH' 
Piuobenzoio  N  Hydroiliazobouzenc. 


J 


^N=N 

C»H«(CO«H)^   /    +  G«H»(NH«).NO*H 

Diazobensolo  imide.     AmUkAxnwBUb  mtnte. 
or 
>N=N 
+  C«H^    /  +C«H*(CO*HXNff)J(Wi 

iJiozobensniimlde.       Amidobennilo  Mitoate. 
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C»H«(NO« 
Nitroparadiagohenzoic  ocirf,  (rH»(NO«)N«0«  =   I  '  NS.        Nitro- 

COOH 
panunidobensoie  acid  added  to  cold  absolute  alcohol  nearly  saturated  with  nitrous 
acid»  is  converted,  lometimes  immediately,  sometimes  in  the  course  of  a  day,  into 
noall  light  yellow  laminae  of  nitroparadiazobenzoic  acid,  which  may  be  washed  with 
aleohol,  and  dried,  first  in  the  air,  afterwards  over  sulphuric  acid.  iThis  acid  explodes 
Tiolantly  when  struck  or  heated,  but  may  be  burnt  when  mixed  with  a  large  excess  of 
cc^pi^er  oxide.  It  is  nearly  insoluble  in  cold  alcohol,  and  is  easily  decomposed  by 
boilinff  alcohol,  being  conrerted  into  metanitrobensoic  acid  (Salkowski,  Liebig'$ 
Jmuum,  clxxiiL  08). 

AaozjrbeBBOlo  Aold,  Ci«H>«NK)*-CK  I  (Griess,   Dettt. 

M— C«H*-CO«H 
CSkjR.  Gt8.  Ber,  rii.  1 600).  Two  modifications  of  this  acid  (o  and  m)  have  been  obtained. 

Ortko-aMoxybeneoie  aeid^  (CO^H  :  N>=  i  :  2),  formed  by  reduction  of  ortho- 
nitxobeuoic  (nitiosalylic)  acid  wiUi  sodium-amal^m,  crystallises  in  white  rhombic 
prisms,  moderately  soluble  in  hot,  somewhat  sparingly  in  cold  alcohol,  still  less  in 
stber  and  in  boiling  water.  When  heated,  it  melts,  blackens,  and  decomposes.  The 
harmm  salt,  0^*H*NH)*Ba-f  IPO,  crystallises  in  white  spicular  crystals,  easily 
sdable  eren  in  cold  water.  By  treatment  with  sodium-amalgam,  this  acid  is  con- 
Teztcd,  first  into  orthasobensoic  and  then  into  orthohydrasobensoioacid, 
the  latter  of  which  is  separated  from  the  reeultin^g  solution  by  acetic  acid  as  a  white 
preei|Htate,  and  crystallises  firom  boiling  alcohol  in  small  elongated  leafiets  or  micro- 
aeopac  prisms.  It  is  permanent  when  dry,  but  in  the  moist  state  (and  more  quickly 
whoi  tzcatad  with  nitrous  add),  it  is  roconrerted  into  orthasobensoic  acid.  It  unites 
with  bases  but  not  with  adds,  acquiring  the  latter  popertjjr,  however,  when  boilni 
with  -hydrochloric  add,  and  yielding  a  hydrochlondi^  wmch  forms  with  platinie 
chloride  a  highly  characteristic  douHe  salt,  crystallising  in  insoluble  light-yellow 
needles.  On  treating  the  solution  of  the  hydrochloride  with  ammonia  and  acetic 
acid,  a  new  acid  separates  in  slender  siskin-green  needles,  slightly  soluble  in  boiling 
aleohol  and  ether:  it  has  not  been  analysed,  bat  probably  consists  of  orthodiamido- 
dipktnie  aeid. 

Mstagoxf/bensoie  aeidf  (CO'H  :  Ka>l  :  8),  was  first  obtained  by  Oriess  in 
1804,  by  boiling  an  alcoholic  solution  of  metanitrobenzoic  add  with  solid  potassium 
hydrate  (Ist  St^ppl,  822).  When  boiled  for  some  hours  with  tin  and  hydrochloric 
add,  it  is  partly  reduced  to  common  amidobensoic  add,  and  partly  to  an  amido- 
aeid,  which  crystallises  in  short  white  needles,  having  the  composition 
C*VNK)^-f  l^HK).  They  lose  thdr  water  at  160^  and  are  sparinglv  soluble  in 
boilinff  water  and  alcohol,  and  almost  insoluble  in  ether.  On  heating  the  residue  to 
170^,  it  melts  and  undergoes  a  molecular  change,  being  converted  into  an  amorphous 
mass,  which  is  almost  insoluble  in  all  neutral  solvents,  but  still  possesses  the 
character  of  an  amido-add. 

The  mheraalt  of  this  amido-add,  C*^H**N'O^Ag' -f  H'O,  is  an  amorphous  preci- 
pitate, which  is  formed  by  adding  silver  nitrate  to  an  ammoniacal  solution  of  the  acid ; 
on  standing  it  soon  changes  into  small  plates,  grouped  in  stars. 

The  h^rochloride,  C^«H>'N*0«,  2HC1,  crystallises  in  white  prisms,  which  are  freely 
soluble  in  hot  water,  sparin^y  in  cold  water,  less  soluble  in  hydrochloric  add. 

ThepUUinoehlaride,  G*«H**K*0«.2HG1  +  PtCl«  +  2H'<0,  forms  dther  small,  mam- 
mellated crystals,  or  well-defined  rhombic  prisms,  or  plates;  it  is  sparingly  soluble 
»  in  cold  water,  and  slowly  decomposed  on  boiling  the  solution. 

When  the  barium  salt  of  this  amido-add  is  distilled  with  baiyta,  it  is  resolved 
into  carbon  dioxide  and  benzidine  (diamido-diphenyl) : 

The  add  is  therefore  diamidodiphenic  acid,  C'*H*(NH')'^QQQut and  stands 

to  Strecker's  hydrazobenzoic  acid,  C^H^'N'O'  (1«<  Suppl.  821),  in  the  same  relation  as 
benzidine  to  hydrazobenzene.  Hydrazobenzoic  add  does  not  combine  with  hydro- 
chloric add,  but  when  boiled  therewith  is  converted  into  diamidodiphenic  acid. 

lM»«o«jrbeii«oloAold,(rH^«0«-G»H«^j!fX^    (Meyer    a.    Michler,    Dcut. 

XOOH 
Ciem,  Ges.  Ber.  vi.  746 ;  Michler,  ibid,  vii.  420;  Lieb^e  Annalen,  clxxv.  160).— This 
sad  Ib  formed  hjr  the  action  ofnaacent  hydipgcn  on  dinitrobenBoic  add; 
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r "°'^'  .  en  -  3H.0  .  o.H<J>. 
GO'S  horn 

When  8  molaeular  weights  of  5  per  cent.  eodiiun-aiiuUgaiii  are  graduallj  add^d  to  • 
■olution  of  1  molecular  weight  of  ordioazy  dinitiobeozoic  acid  (m.  p.  204^\  a  dtir 
but  pierfectly  black  liquid  is  obtained  (or  brown  if  very  dUnte),  from  wfakn  IjfdbtO' 
chloric  acid  throws  down  the  diaso-acid  in  black  flocks,  while  the  aqiieoiiif  ■oiroeo 
becomes  colourless.  Neither  the  acid  nor  its  alkaline  solution  loses  iti  dafk  eolov 
when  treated  with  animal  charcoal,  the  colour  being  in  &ct  a  characteristao  pnpstgr 
of  the  acid.  The  pure  acid  when  dry  is  an  amorphous  shining  black  powdar  !•• 
sembling  animal  charcoal,  and  decomposing  with  decrepitation  when  heated.  It  it 
insoluble  in  alcohol,  ether,  benzene,  chloroform,  and  g^ial  acetic  add.  In  PoCaih, 
soda,  and  ammonia  it  dissolves  eadly  and  completely,  forming  deep  brown  wivlioiii 
from  which  it  is  precipitated  unchanged  by  acids. 

The  ammonium  salt  dries  up  on  evaporation  to  a  brown  transparent  TBmish. 

The  sUwr  sait,  C*H*N^.0O<Ag,  is  a  black  bulky  precipitate,  easily  mlnbU  ii 
strong  aqueous  ammonia,  and  forming,  when  diy,  an  amorphous  powder,  wfaidi  d»* 
composes  with  strong  decropitation  when  heated. 

The  barium  salt,  rG«H"N*O.GOO)>Ba,  is  a  reiy  bulky  black  precipitata, 
up  to  a  small  mass  when  dried,  and  yielding  a  black  powder  which  decrepil 
heated,  leaving  a  bulky  carbonaceous  residue.    When  dried  at  70*'-120^  it 
highlv  electric  that  its  particles  jump  about  in  the  basin  for  hours. 

The  sine  salt,  (0*H*N'O.GOO)'Zn,  is  a  brownish-black  amorphous  pmeipitata, 
insoluble  in  water,  and  drying  up  to  an  amorphous  powder  which  deerepitatet  IsH 
strongly  than  the  silver  or  be&um  salt. 

DuuBOzybensoic  acid  is  reduced  by  tin  and  hydrochloric  acid  to  diamidobantoie 
acid: 

f^J>  +  3H«  -  HH)  +   f ^<Nff 
COOH  COOH 

It  is  intermediate  in  composition  between  dinitrobenzoic  and  diamidobenaoie  aeida : 

o.H.<No:     c.HN^>o    o-HK^g: 

CO«H  CO«H  (X)«H 

It  appears,  moreover,  to  be  related  to  the  humus  and  ulmin  class  of  oompoaada. 
Bodies  of  this  character  have,  in  &ct,  been  obtained  by  Hoftnann  a.  Oejzar  (JUMi 
/.  Chem.  1872,  771),  by  the  action  of  sodium  on  chloronitrobenzenes,  and  Knmeriiqg 
a.  Jacobsen  {ibid,  1871,  741)  regard  some  of  the  ulmin-substances  which,  thqr  hMJ% 
examined  as  azo-compounds. 

Mononitrodiazoxf/benzoic  acid,  prepared  by  digesting  diazoxybensoie  add  with 
fuming  nitric  acid  at  100^,  forms  amorpnous  red-brown  flocks  resembling  ferric  I^dnte 
insoluble  in  all  the  ordinary  solvents,  dissolving  with  deep,  brown  colour  in  aUkalis; 
its  metallic  salts  form  black  amorphous  precipitates.  It  is  remarkable  that  thia  acid 
is  not  reduced  by  boiling  with  tin  and  hydrochloric  acid  ^Michler). 

Isodiazoxybetuoio  and. — ^This  isomeride  of  the  acid  just  described  is  formad  \rr 
the  action  of  sodium-amalgam  on  dinitrobenzoic  acid  (1:2:  4),  melting  at  179^.    u 
exactly  resembles  the  preceding  acid  in  all  its  external  characters,  but  diflhra  esMO- 
tially  therefrom  in  its  behaviour  to  tin  and  hydrochloric  add,  by  which  indeed  it  tf 
not  attacked  even  after  prolonged  boiling  (Michler). 


Oxybanaolo  Aolds,  ^^KcOOH 


(1).  Ortfao-oajrbansole  or  BaUeyUo  Aeld,  G*.GO'H.OH.H«.    On  the  prwpata 

tion  of  this  acid  by  the  action  of  carbon  dioxide  on  sodium-phenol,  see  2nd  SuppL  10$S, 

Formation  from  Parao:n/benzoio  acid. — According  to  KupferbeTg.-(t/'.  pr.  Ckem.  [21, 
xiii.  103),  disodic  paraoxybenzoate  heated  to  220^-260°  in  a  current  of  carbon  diooode 
is  resolved  into  CO',  phenol,  and  a  basic  salt.  At  280°--28d°,  the  product  consists 
largely  of  salicylic  acid ;  at  still  higher  temperatures  the  amount  of  salicjlie 
produced  is  much  less. 
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Oo  the  convene  reaction,  i.e.  conversion  of  salicylic  into  paraoxybenBoie  add, 
p.  286. 

Purifieatum. — Crude  salicylic  acid  may  be  purified  by  heating  it  to  170^  with 

un  IB  a  copper  Teesel  with  double  walls,  the  space  between  them  being  filled  with 
paraiBn  heatea  to  170^.  The  snow-white  acid  thereby  obtained  still  retains  traces 
of  phenol,  from  which  it  may  be  freed  by  recrystallisation  from  water.  Salicylic  add 
ia  acarcelyTolatilised  by  over-heated  steam  (A.  Rauter,  Deut.  Chem.  Ges.  Ber.  viii.  637). 

According  to  J.  C.  Thresh  (Pharm.  J,  7\^an8.  [3],  vi.  43)  the  colour  of  commercial 
Balierlio  add  may  be  removed  by  dissolving  it»  with  aid  of  heat,  in  foilr  times  its 
irsight  of  iJLjeeria,  and  repredpitating  with  excess  of  cold  water ;  but,  according  to 
»  «tat«m0iit  m  the  PkarmacetUiBehe  Zeitung^  the  solution  of  1  part  salicylic  add  in  60 
parts  glycerin  remains  dear  on  cooling,  and  does  not  yidd  any  precipitate  on  dilution 
with  water. 

For  teatinff  the  purity  of  salicylic  acid,  the  following  process  is  given  by  Kolbe 
(Jl  pr.  Ckem,  QS],  xiv.  148).  Half  a  gram  of  the  add  is  dissolved  in  iSout  five  grams 
of  strong  alcohol,  and  the  dear  liquid  is  poured  into  a  watch-glass,  and  left  to 
evaporate  at  the  temperature  of  the  air.  The  salicylic  add  then  solidifies  round  the 
edge  of  the  glass  in  slender  efflorescent  crystals,  which  are  pure  white  if.  the  add 
was  previoasly  crystallised,  but  more  or  less  yellow  if  it  was  predpitated.  A  brownish 
eolomr  indicates  imparity. 

For  estimating  the  value  of  commercial  samples  of  salicylic  acid,  Muter  (^Analyst, 
L  198)  uses  a  standard  solution  prepared  by  dissolving  1  gram  of  the  pure  add  iu  a 
litre  of  water,  so  that  1  c.c.  represents  1  mgm.  of  acid,  and  an  indicator  liquid  consist- 
ing of  a  solution  of  pure  neutral  ferric  chloride,  of  such  a  strength  that  1  c.c.  added 
drop  bj  drop  to  60  co.  of  the  standard  add  just  ceases  to  give  any  increase  in  depth 
of  eolour  baore  the  addition  of  the  last  drop  or  two.  To  perform  the  estimation, 
1  gram  of  the  commerdal  sample  is  dissolved  in  a  litre  of  water,  and  50  c.c.  are  put  into 
ft  Nesder  tube ;  to  this  1  c.c  of  ferric  solution  is  added,  and  the  colour  observed 
after  standing  for  five  minutes :  some  of  the  standard  add  is  also  poured  into  another 
tabe  and  made  up  to  60  c.c.  with  water,  and  the  1  c.c  of  ferric  chloride  added :  when 
the  colours  are  alike,  the  amount  of  pure  add  present  in  the  sample  is  equal  to  the 
amount  of  pure  add  added  :  if  they  are  not,  the  trial  must  be  repeated  exactly  as  in 
testing  for  ammonia  by  the  Nessler  process.  To  ensure  success,  the  liquid  should  be 
free  from  mineral  acids :  small  quantities  of  acetic  acid  likewise  affect  the  colour  at 
first,  bat  it  recovers  itself  after  standing  for  about  five  minutes. 

To  detect  the  presence  of  salicylic  acid  in  milk'  or  beer,  to  which  it  is  sometimes 
ftdded  as  an  antiseptic,  four  ounces  of  the  liquid  are  dial^sed  for  twelve  hours  in  a  pint 
of  distilled  water ;  if  after  that  time  salicylic  acid  is  still  found  to  be  present  by  test- 
ing with  ferric  chloride,  the  dialysis  must  be  continued  for  48  hours.  The  amount 
present  is  then  determined  by  the  process  above  described. 

An  aqueous  solution  of  salicylic  add,  mixed  with  a  few  drops  of  ferric  chloride,  is 
teoommetided  by  H.  Weiske  (J.  pr,  Chem.  [2],  xii.  167)  as  an  indicator  in  volumetric 
analysis  in  place  of  litmus  (the  blue  colour  of  which  is  very  apt  to  change  to  red). 
To  the  dark  violet  solution  thus  obtained,  dilute  soda-solution  is  added  to  neutrality, 
which  ia  known  by  the  liquid  assuming  a  reddish-yellow  tint;  This  liquid  being  then 
added  to  the  add  to  be  titrated  with  soda-solution,  becomes  more  and  more  coloured 
ae  the  point  of  neutrality  is  reached,  but  when  the  solution  becomes  alkaline  the 
eoloar  suddenly  disappears. 

SMbiUiy, — ^According  to  H.  Bose  {Pharm.  J.  Trans.  [3],  vi.  182),  water  containing 
8  p.  c  borax  dissolves  10  p.  c.  of  salicylic  acid.  The  solution  (which  when  2-4 
times  dilated  may  be  used  in  the  treatment  of  wounds)  is  prepared  by  first  dissolring 
the  borax  in  boiling  water  and  then  adding  the  salicylic  add.  According  to  T. 
Toussaint  (ibid.  263),  ammonium  phosphate  is  a  better  solvent  for  salicylic  add  than 
eodium  phosphate.  Twdve  parts  of  salicylic  acid  require  for  solution  only  11  parts  of 
ammonium  phosphate.  30  grains  of  salicylic  acid  dissolve  at  180^  F.  in  an  ounce 
of  glycerin  of  30^  B.,  the  greater  part  however  separating  out  on  cooling  to  70°  F. ; 
the  addition  of  ammonium  phosphate  does  not  prevent  the  separation.  On  the  other 
hand,  10  grains  of  salicylic  add  and  10  grains  of  ammonium  phosphate  dissolve  in  li 
drachms  of  glycerin  and  2  drachms  of  water,  or  16  grains  salicylic  acid  and  16 
grains  phosphate  in  4  drachms  glycerin  and  4  drachms  water  to  a  dear  liquid. 

Conversion  into  Polyhado  acids. — When  disodic  salicylate  is  heated  to  between  300° 
and  400°  in  a  current  of  carbon  dioxide,  the  salicylic  add  disappears,  partially  or 
entirely,  and  in  its  place  a  bibasic  and  a  tribasic  acid  are  formed,  viz. : 

C«H«(OH)(COOH)«  C*H«(OH)(OOOH)» 

OktiMplMDol-diGarlmiio.  Orthophenol-tricarbonic. 
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from  salicylic  acid  by  a  reaction  which  \b  analogous  to,  or  rather  a  ooDtinomtioo  o( 
that  by  which  salicylic  acid  itself  is  formed  when  fX)dinm-phenol  is  heated  in  »  eurent 
of  carbon  dioxide,  thus : 

C«H*(ONa)(00«Na)  +   C0«  -  C«H"(OHXCO»Na)« 
DiHodlo  Salicylate.  Disodio  Orthophenol- 

dlcarbonate. 

C«H«(OH)(CO«Na)«  +   C0«  -   0«H«(OHXCO*HXCO«Na)* 

Diaodlc  Orthophenol-  Biaodlc  Orthophenol- 

dioarbonate.  tricarbonate. 

The  action  proceeds  most  rapidly  at  STO^-SBO^,  at  which  tempexaiare  nUqrlie 
acid  is,  in  the  course  of  a  few  hours,  completely  converted  into  the  di-  and  triouboaio 
acids,  the  latter  always  preponderating.  These  acids  are  insoluble  in  chlotrafDnn, 
and  by  means  of  it  are  easily  separatMl  from  unaltered  salicylic  acid  (Oat»  J»  pr. 
Chem.  [2],  xiv.  93). 

Orthophenol-dicarbonic  acid  is  isomeric  with  the  oxyphthalic  seid  which 
Baeyer  has  obtained  {Deut.  Chem.  Get,  Ber.  x.  1079),  by  the  action  of  nitzom  acid  on 
ethylic  amidophthalate,  the  difference  between  the  two  doubtless  depending  cm  the 
orientation  of  the  radicles  OH  and  CO'H. 

Conversion  into  Salicylurio  acidt  G*H*NO^. — The  urine  of  fever  patients  who  had 
been  treated  with  large  doses  of  salicylic  acid  was  found  to  contain  saUcylnxie  add, 
together  with  unaltered  salicylic  acid.  These  two  acids  are  most  readily  aepazstedhj 
means  of  ether  and  benzene,  which  dissolve  salicylic  more  readily  than  aali^liizie 
acid.  From  an  aqueous  solution  of  the  acids,  the  salicyluric  acid  oystalliMfl  oat  last 
on  cooling  (Piccard,  DetU.  Chem.  (res.  Ber.  viii.  817). 

Technical  Awdicaiions  qf  Salicylic  acid. — The  following  depending  on  theantiaeptie 
action  of  the  ac\a  {2nd  Suppl.)  are  described  by  R.  Wagner  {Dingl.  pol.  J.  oonrii.  1S6). 
If  a  concentrated  aqueous  solution  of  salicylic  acid  be  applied  to  fresh,  meat,  and  the 
meat  be  then  placed  in  well-dosed  vessels,  it  will  remain  perfectly  fresh  for  a  kag 
time.  This  solution  is  also  very  useful  in  the  manufacture  of  sausages  and  aimilar 
foods.  Butter  containing  a  little  salicylic  acid  will  remain  iresh  for  months  even  ia 
the  hottest  weather.  The  same  acid  prevents  the  moulding  of  preserved  friiits»  and 
is  vkry  useful  in  the  manufacture  of  vinegar. 

-  The  addition  of  a  little  salicylic  add  renders  ^lue  more  tenacious.  The  acid  abo 
prevents  decomposition  in  gut  and  parchment  during  their  manu&cture.  Skina  to  be 
used  for  making  leather  do  not  undei^  decomposition  if  steeped  in  a  dilute  aolutioB 
of  salicylic  add.  Weaver's  or  bookbinder's  glue,  and  other  allied  substances,  may  be 
preserved  for  a  long  time  by  treating  them  with  a  solution  of  this  add.  Albumin 
may  be  preserved  bv  the  same  means.  t 

The  methyl-,  ethyl-,  and  amyl -ether  of  salicylic  acid  are  used  as  perfumes.  The 
caldum  salt,  on  keeping  and  distilling  with  water,  yields  a  liquid  which  has  a  strongodour 
of  roses. 

On  the  Preservation  of  Meat  and  Bread  by  means  of  Salicylic  Add,  see  Kolbe  (/. 
pr,  Chem,  [2],  xiii.  106;  Chem.  8oc.  Jour.  1876,  i.  991). 

On  the  Antiseptic  action  of  Salicylic  Acid,  see  fisher  F.  Mohr  (Zeitsckr.  tmtL 
Chem.  1875,  79 ;  Jahretb.  f.  Chem.  1876,  905;  Endemann,  J.  pr.  Chem.  [2],  xii.  260; 
Jahresb.  1875,  1111 ;  Chem.  8oc.  Jour.  1876,  i.  990;  Hempel,  Deut.  Chem.  Qu,  B&r. 
viii.  1657 ;  Chem.  Soe.  Jour.  1876,  i.  711 ;  Meyer  a.  Kolbe  (J  pr.  Chem.  [2],  ziL  178; 
Chem.  8oc.  Jowr.  1876,  i.  959). 

Ethylic  Salicylate^  ^^^^QQansnA*  ^^  readily  formed  by  passing  hydro- 
chloric acid  into  an  alcoholic  solution  of  the  acid  as  long  as  it  is  absorbed.  It  is  an 
oil^  liquid,  boiling  at  226^-228°,  and  identical  with  that  obtained  by  distilling 
salicylic  add  with  a  mixture  of  alcohol  and  sulphuric  acid.  When  its  potaasium 
derivative,  0«H*OK.CO«C*H»,  is  heated  with  ethyl  iodide  to  160«>,  the  diethylic  other, 
C*H«(OCH«).OOK;^^  is  obtained.  The  same  compound  is  formed  by  hoating 
salicylic  acid  with  potash  and  ethyl  iodide  in  the  proportions  indicated  by  tho  follow* 
ing  equation : — 

^^icO.OH  +  ^^^^  +  ^^'^*^  "^  ^•^*|cO«C»H»   +  2KI  +  2H*0. 

It  is  a  colourless  liquid,  boiling  at  160^-165°,  and  smelling  like  oil  ofwintergrsea 
(C.  Gottig,  Deut.  Chem.  Gee.  Ber.  ix.  1473). 

Chloro SALICYLIC  Acid,  C'H"C1(0H).C00H,  may  be  prepared  by  passing  the 
calculated  quantity  of  chlorine  into  a  mixture  of  salicylic  acid  with  a  large  quantity 
of  carbon  sulphide.  When  purified  by  rocrystallisation  fi'om  water  it  forms  small 
whito  jjordJ'-H  melting  nt  172'5**. 
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The  banumsali,  [C«H*Cl(OH).CO*]'Ba  +  3H'0,  is  freely  soluble  in  water  and 
•leohol,  and  crystallises  in  small  needles  haying  a  splendid  pearly  lustre.  It  gives  off 
its  water  at  130^,  turns  brown  at  160°,  and  at  180''  begins  to  glow  and  becomes  car- 
bonised. The  lead  wU,  rC'HH:;i(OH).00']'Pb,  is  a  heavy  crystalline  precipitate. 
^Hhb  eomper  9aUf  rC'H'Cl(OH).CO']'Gu,is  an  amorohous  greyish-gmen  precipitate,  very 
■li^tly  soluble  in  water.  The  sUver  salt,  C«H*01(0H).C0<Ag,  is  a  white  precipitate, 
wfaieh  blackens  on  exposure  to  light  (Hiibner  a.  Brenken,  Deut,  Chem,  Ges.  Ber. 
▼i.  174). 

I0DO8AZ.ICTLIC  Acids  (Weselsky,  Liebiff^s  Annalen,  cbodv.  99).— The  best 
mode  of  preparing  these  and  other  iodised  oi;^anic  acids  is  to  add  iodine  and  mercuric 
oxide  alternately  to  a  solution  of  the  acid  in  alcohol  of  90  per  cent.  The  liquid 
becomes  heated,  but  not  above  iO'' ;  external  heating  is  not  required. 

^  Mimoiodoaalieylie  acid,  C«n"I(OH).CO>H,  is  formed  (together  with  the  di-iodated 
add)  by  adding  1  moL  iodine,  as  above,  to  1  moL  salicylic  acid : 

2(rH«0«  +   2I«  +   HgO  =  HgP  +  BPO  +   2C^H*I0«. 

With  2  moU.  iodine  the  chief  product  is  di-iodosalicylic  acid.  The  two  acids,  mono- 
and  di-iodated,  may  be  separated  by  means  of  their  barium  salts  after  the  dissolved 
maeanG  iodide  has  been  removed,  by  evaporating  the  alcohol  solution,  and  dieting 
the  residue  with  solution  of  sodium  carbonate.  The  mono-iodated  add  exhibits  two 
modifications  [probably  CO»H  :  OH  :  I  »  1  :  2  :  4  and  1  :  2  :  6],  onemeltingat  184^ 
the  other  at  196''-19d<*  (Eittig's  Grundriss  d.  org.  Chemie,  p.  469),  the  latter  being 
identical  with  the  monoidosidicylic  acid  described  by  Lautemann  (v.  168).  Di 
iodoaalicyiic  acid,  also  described  by  Lautemann,  is  a  white  felted  mass  which  begins 
to  deeompose  at  220*^  without  previous  fusion.  The  ^rt-iodosalicylic  acid  mentioned 
by  Lautemann,  Weselsky  was  not  able  to  obtain.  The  solutions  of  the  iodosalicylic 
aeide  are  coloured  violet  by  ferric  chloride.  Di 'iodosalicylic  acid  is  converted  by 
fusion  with  potash  into  gallic  acid,  G'.CO'H.OH.H.OH.OH.H,  and  must  therefore  have 
a  similar  constitution,  vis.  OO'H  :  OH  :I:I  =  1:2:4:6;  hence  it  is  probable 
that  the  two  mono-iodated  acids  formed  simultaneously  with  it  have  the  formulae 
OO'H  :  OH  :  I  »  1:2:4  and  1:2:5;  but  we  cannot  at  present  say  which  of  these 
two  formulsB  belongs  to  Lautemann's  acid  melting  at  196°. 

^  NUroiodasdieyUe  acid,  CH«(KO')irOH)CO*H,  is  formed  by  treating  nitrosalicylic 
acid  [which?]  in  alcoholic  solution  with  iodine  and  mercuric  oxide.  The  crude  pro- 
duct precipitated  by  water  and  dissolved  in  potassium  carbonate  yields  first  the 
potassium  salt  of  nitrodi-iodophenol,  then  that  of  nitro-iodosalicylic  add.  The 
mmOral  potassHtm  $aU,  C'H%^(KO*)0' +  SH'O,  crystallises  from  alcohol  in  small 
oiange-red  needles.  The  less  soluble  aeid  salt,  G'H'KI(NO*)0*  +  2H<0,  forms  small 
orange-yellow  nodules.  The  corresponding  barium  salts  crystallise  in  bright  red 
needles ;  the  add  salt  has  the  composition  [Oni«I(NO')0^*Ba+ 6H^  (Wesdsky). 

NiTBOSALioTLio  AciDS,  0'H'(NO')^qq^ . — An  acid  having  this  Composi- 
tion, and  obtained  by  the  action  of  nitric  acid  upon  salicylic  acid,  salicin,and  indigo, 
has  been  already  described  (v.  168).  Two  others  are  described  by  L.  B.  Hall  {Deut. 
Ckem.  Oea.  Ber.  vii.  1320)  as  produced,  together  with  the  former,  by  the  action  of 
fbming  nitric  add  on  salicylic  add.  More  recently  (ibid.  viii.  1215),  H.  Hiibner,  in 
whose  laboiatoiy  Hall's  experiments  were  made,  mentions  only  the  last  two  acids 
as  produced  by  nitration  of  salicylic  add.  These  are  distinguished  as  ortho-  and  para- 
nitrosalicylic  add,  because  when  heated  they  yield  respectively  ortho-  and  iMzra-nitro- 
phenol.  They  are  prepared  by  treating  salicylic  acid  dissolved  in  glacial  acetic  acid  with 
fuming  nitric  add,  precipitated  by  addition  of  a  large  quantity  of  water,  and  separated 
by  reciystallisation,  the  para-acid  separating  out,  while  theortho-acid  remains  in  solution. 
If  this  separation  does  not  succeed  completely  siter  the  second  crystallisation,  the  least 
soluble  portion  of  the  nitro-acid  may  be  converted  by  boiling  with  dilute  baryta-water 
into  the  veiy  sparingly  soluble  barium  salt  of  the  para-acid ;  and  on  heating  the  filtered 
solutions  at  the  boiling  heat  with  a  slight  excess  of  barium  carbonate,  the  salt  which 
separates  on  cooling  consists  of  barium  orthonitrosalicylate  very  nearly  pure. 

Orthonitroealicylio  acid,  examined  specially  by  L.  B.  Hall,  crystallises 
£rom  water  in  long  colourless  needles,  C^*(^0')0* -f  H*0,  which  melt  at  125'';  the 
dehydrated  add  melts  at  144^-145^.  It  appears  also  to  imite  with  acetic  acid.  The 
aqueous  solution  is  coloured  red  by  ferric  chloride.  The  following  salts  have  been 
examined : — 

0»H«(N0«)0K.C0*K  crystallises  from  hot  water  in  long  yellow  needles. 

O'H^NO^OH.GO'Ag  forms  glistening  brownish  nefdies,  easily  soluble  in  water. 

[0^H'(NO')OH.C0'l*.Ba  crystallises  from  a  hot  aqueous  solution  in  scales,  from 
dilute  solutions  in  slender  needles. 
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C.H-(NO«)0.^0  +  3HH)     yeUow  needles ;  eamly  soluble  in  hot  water. 

C»H«(NO«)0.cS«.Pb  is  ayeUow  predpitate. 

The  mon^hylic  ether,  0*H*(NO*)OH.GO*0^\  obtained  by  heating  the  uItw  nil 
with  ethjl  iodide,  separates  from  alcoholic  solntion  as  an  oil  which  afterwudssolidifrf 
to  light  yellow  prisms  melting  at  44^.  It  readily  forms  salts  by  exchan^  of  hr 
alcoholic  hydrogen  for  metals.  The  silver  salt,  treated  with  ethyl  iodide,  yiddi  the 
diithylic  ether,  C*H»(N0=X0OTI*).C0K;«H»,  as  a  fragrant  oil  slightly  snlnbU  ii 
alcohol.  Heated  with  alcoholic  ammonia,  it  is  converted,  by  exchange  of  20OH*  lir 
2NH>,  into  nitramidobenzamide,  G*H*(NO')NH'.CONH*,  whidh  oystdUsai  ii 
yellow  shining  laminae  melting  at  109°. 

Paranitrosalicylio  acid  (examined  by  H.  Wattenberg)  eiystallisi*  bm 
water  in  very  long,  thin,  colourless  needles,  veiy  sparingly  soluble  in  cold  water.  Iti 
aqueous  solution  is  coloured  blood-red  by  ferric  salts,  like  the  ortho-acid.  The  fcOof^ 
ing  salts  have  been  examined : — 

C*H*(NO*}(OH).CO''E.  Beddish-yellow  nodular  crusts,  easily  soluble  in  witic 
either  hot  or  cold. 

C«H^N0^(0H).C02NH«.    Small,  colourless,  easily  soluble  needles. 

C*H*(NO>XOH).GO>Ag.  Crystallises  from  hot  water  in  ramified  groups  of  bbiH 
slender  reddish-yellow  needles. 

[G*H"(NO')(OH)CO>]'Ba  +  6H'0.  Tufts  of  small  thick  yellow  needles,  Mdj 
soluble  in  cold  water. 

[C«H»(NO»XOH)CO«]«Sr+  oiH^O.  Groups  of  satiny  needles  which  melt  in  thrir 
water  of  crystallisation  at  100^-1 10° ;  moderately  soluble  in  cold,  easily  in  hot  vats. 

[C«H'(N0<)(0H)C0<]K)a  +  6H^  melts  at  98^-100°,  and  otherwise  resemblsi  t^ 
strontium  salt. 

C>H"(NO>).O.GOMk[g  +  4H^.  Lemon-yellow  crystalline  nodules,  veiy  solnbls  ii 
water*and  in  alcohol. 

[CH«(NO'XOH).CO*]'Zn  +  5H20.  Broad  short  yellow  needles  easily  soluUs  b 
cold  water. 

The  monethylic  ether,  C«H»(N0*X0H).C0'K:;-H»,  obtained  by  hexiUDg  the  w^ret 
salt  with  excess  of  ethyl  iodide,  crystallises  in  fiiintly  yellowish  needles  often  an  iMk 
long,  easily  soluble  in  alcohol  and  ether,  melting  at  92  °-93°.  Its  aodium  tdk 
C'H*(N0*)(0Na).C02a'HS  ciystallises  in  spherical  groups  of  yellow  Telvety  needb% 
easily  soluble  in  water,  less  soluble  in  alcohol. 

The  diethytic  ether,  C«H>(NO=)(OC»H»).CO«C*fl*,  obteined  by  heating  the  silfw 
salt  of  the  monethylic  ether  with  ethyl  iodide  to  125°,  crystallises  in  small,  bmcIj 
colourless  needles,  very  easily  soluble  in  hot  water  and  in  alcohol,  melting  at  98^-4f . 
Heated  with  saturated  alcoholic  ammonia  to  160°  for  ei^t  hours,  it  is  oonrezted  mto 
para-nitramidobenzamide,  C<H^NO*)NH*.CO.NH',  which  forms  small  ysUov 
needles  meltine  at  140*^,  and  is  converted  by  boiling  with  barium  hydrate  into  tin 

barium  salt  of  paranitramidobenzoic  acid,  [C<H'(NO>X^S')CO']^  +  til^'^' ^"^ 
crystallises  in  small  thick  yellow  needles,  easily  soluble  in  hot  water.  Tne  free  aod 
separated  therefrom  crystallises  from  water  in  bright  yellow  slender  naedlee,  nwd^ 
rately  soluble  in  boiling  water,  also  in  alcohol  and  ether ;  melting  at  270^. 

DiNiTROsALiCTLic  £!thebs  (Salkowski,  Liebife  Anna/em,  clzxiii.  48-51X 
Methulic  dinitrosaliryfate,  C*H'(N02)*0H.C0>GH*,  obtained  by  adding  wintexgrm 
oil,  rC'H«(OH).COKiH*],  to  a  mixture  of  6  pts.  Aiming  nitric  and  6  pto.  ftmiiK 
sulphuric  acid,  forms,  wnen  crystallised  from  alcohol,  faintly  yellowish  scalee  meltifli 
at  127°-128°.» 

Afethi/lic  Bthyl-dinUrosalicylate,  C«H»(NO«)«(OC=H»).CO«CH«.  is  obtained  by  As 
action  of  ethyl  ioilido  on  the  silver  salt  of  the  preceding  acid  ethv, 
CH*(NO^)-OAg.CO<CH*.  Considerable  rise  of  temperature  takes  place,  and  oi 
distillinc  off  the  excels  of  ethyl  iodide,  and  treating  the  residue  several  times  witk 
hot  alcohol,  and  leaving  the  filtered  liquid  to  cool,  the  methylic  ethyl-dinitronliejbtt 
scpanitcs  out,  and  may  be  purified  by  repeated  crystallisation  from  alcohol.  From  a 
(concentrated  alcoholic  solution  it  separates  at  first  as  an  oil,  which,  however,  gndnallj 
Milidifies,  or  may  bo  made  to  solidify  by  throwing  in  a  small  crvstal.  From  Bon 
dilute  solutions  it  separata's  in  long  prismatic  crystflds,  sometimes  ajj^  in  shorter,  thidt 
highly  lustrous,  well-defiuctl  monoclinic  prisms,  having  their  acute  lateral  edgv 
tnincnted,  and  tcrminaterl  by  two  different  pairs  of  augitv  faces.  Axial  ration 
a:  A:cc=l  :  0-3.')17  :  0-26;Jo.  An^^lo  hc^-ll"  13'.  Observed  faces,  ooP,  aPX 
(oo  F2),  (P  (x),  21* ».     Mollinp  point  80°. 

This  Gthcr,  ho.'itr'd  on  the  wutrr-bath  with  oxccsh  of  aniinoni.i,  is  convorted  into 
the  ammonium  wilt  of  diuitro-anlhniuilic  acid,  C«iI^N07-Nir-.C0«Nil«  (p.  272). 

*  Camiwuv  V.  lt;i,  whcix',  iMwew,  Uic  elhor  in  UTuiiouiiiJj  called  nuihgl-diHttroMlicj/iic  i 
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Dimithylio  Diniirosalieylate,  or  M$tkyUo  MethyUUmtroBoUeyUttef 
C«H^NO'WOGH*).GOK)H'.— Prepared  like  the  preccdiog,  OBiiig  methylic  instead  of 
cthjlic  iodide.  Forms  large  thick  crystals  of  the  same  form  as  tJie  preceding,  and 
Afiltiiig  at  69°.    Ammonia  converts  it  into  dinitro-anthranilic  acid. 

Eikylic  DmUraaaHcylate,  0*H>(NO')OH.COH)<H*,  prepared  \xj  passing  hydro- 
chloric add  gas  into  an  alcoholic  eolation  of  dinitrosalieylic  acid,  forms  colourless 
lamine  melung  at  98^-99''.  Its  ammonium  salt,  C'H\N0>)>.0NH«.G0K7<H\  erystal- 
liMe  in  long  needles  having  a  golden  lustre.  The  stiver  salt,  C*H'(NO>)K)Ag.GOKI'H\ 
esiinot  b^  Obtained  pure  by  double  decomposition,  but  is  prepared  by  saturating  the 
•Uier  with  the  calculated  quantity  of  finely  divided  silver  oxide  or  carbonate*  and 
heating  with  a  laige  quantity  of  water,  at  &nt  gently,  and  with  frequent  agitation,  to 
a  temperature  below  the  melting  point  of  the  ether,  afterwards  to  the  boiling  point, 
and  filten'ng  hot.  The  salt  then  separates  in  orange-coloured  slender  needles  or  in 
Tellow  spherules,  both  exhibiting  the  same  composition.  If  any  of  the  preceding 
directions  are  neglected,  the  resulting  solution  usually  coagulates  to  a  jelly ;  and  the 
Hune  remarkable  property  is  exhibit^  by  dilute  solutions  of  silver  dinitrosalicylate, 
whereas  from  concentrated  solutions  this  salt  separates  in  fine  crystals. 

Etkvlic  MetkyldinUrosalieylate,  C«H*(NO»)K)Cfl«.CO*C«H*,  prepared  by  the  action 
of  methyl  iodide  on  the  silver  salt  last  described,  is  always  contaminated  with  an 
impurity,  which  may  be  removed,  though  with  difficulty,  by  repeated  crystallisation 
firam  very  dilute  alcoholic  solution.  From  a  more  concentrated  alcoholic  solution  it 
always  separates  as  an  oil,  and  even  weaker  solutions  do  not  easily  crystallise  spon- 
taneously, but  may  easily  be  made  to  crystallise  by  throwing  in  a  small  crystal  ox  the 
Mune  or  the  following  (diethylic)  ether ;  probably,  therefore,  the  two  are  isomorphous. 

Ethylic  methyldinitrosabcylate  forms  large,  thin,  colourless,  six-sided  tables  melt- 
iqg  at  47°.    Ammonia  converts  it  into  ethylic  dinitro-anthranilate. 

DUtM/lie  IHnitrosalievlate,  G'HXNO')H)C^'.COK)<H»,  obtained  by  decomposing 
the  silver  salt  of  monethylic  dinitrosalicylate  with  ethyl  iodide,  separates  from  con- 
eentrated  alcoholic  solutions  as  an  oil,  from  dilute  solutions  in  flat  prismatic  crystals 
without  distinct  end-faces.  Melting  point  49°.  This  ether  is  also  converted  by 
ammonia  into  ethylic  dinitro-anthranilate. 

Amidosalictlio  Acids,  C«H«(NH«)(0H).C0«H.— -The  hydrochloride  of  the 
ortho-acid,  CH*(KH*)0".HOU  H>0,  obtained  by  treating  orthonitrosalicylic  acid 
with  tin  and  hydrochloric  add,  forms  decomposible  needles  easily  soluble  in  water. 
Heated  with  bensoyl  chloride  it  yields  fine  colourless  needles  meltiag  at  189**. 

Paramidosalioylie  acid  is  obtained  by  reducing  the  corresponding  nitro-add 
with  tin  and  glacial  acetic  acid.  Its  kydroehloride,  CH*(NH')0'.HC1,  crystallises  in 
small,  thick,  dightlv  brownish  needles,  moderately  soluble  in  cold,  fireely  in  hot  water. 
Its  solution  in  hydrochloric  add,  boiled  with  nitric  acid,  yields  iridescent  scales 
(chloranU?).  The  sulphate,  [C'H»(NH«)0«]«EPSO*,  forms  thick  brownish  prisms, 
somewhat  sparingly  soluble  in  cold,  moderately  soluble  in  hot  water. 

Acetyl-paramidosalicylie  acid, 

OH*N0*  =  CH»(NH.C»H»0)0«  -  C^"(NH.COCH»)(OH).CO«H, 

Is  obtained  as  a  bye-product  in  the  amidation  of  para-nitiosalicjlic  acid,  and  crystallises 
on  exposing  the  liquid  filtered  from  the  tin  sulphide  to  a  low  winter  temperature,  in 
thick  colourless  needles,  containing  ^  mol.  H'O,  moderately  permanent  in  the  air 
Teiy  soluble  in  water  and  in  alcohol,  melting  at  218^. 

The  magnesium  salt,  (0'H'NO*)^Mg  -i-  8HK),  forms  easily  soluble  crystalline  crusts 
having  a  faint  violet  colour.  The  barium  salt,  (0'H"NO*)'Ba-i-  4H^0,  crystallises  in 
small  reddish  needles  grouped  in  rosettes,  easily  soluble  in  cold,  very  easily  in  hot 
water.  The  calcium  salt,  (OH*N0^)K)a -h  5}H^0,  forms  groups  of  thin  colourless 
needles,  sparingly  soluble  in  cold,  easily  in  hot  water.  The  Hno  salt, 
(C^'NO^)*Zn-fl0H'O,  crystallises  in  felted  groups  of  small  slender  needles  easily 
soluble  in  water,  dther  hot  or  cold  (Wattenberg,  bettt.  Chem.  Ges.  Ber.  viii.  1215). 

Salicylanilide,  C"H"NO*=C*H*{OH)-CO.NH.C»H*  (R  Wanstrat,  Deut. 
Chem.  Ges.  Ber.  vi.  33). — This  compound  is  formed  by  dropping  phosphorus  tri- 
diloride  into  a  mixture  of  aniline  and  salicylic  add.  The  product  when  cold  forms  a 
yellowish  brittle  mass,  which  may  be  freed  from  phosphorous  add,  hydrochloric  acid, 
aad  aniline  hydrochloride  by  boiling  with  water,  and  further  purified  by  crystallising  it, 
first  from  alcohol,  with  addition  of  aninuil  charcoal,  and  then  several  times  &om  water. 
It  is  thus  obtained  in  small  white  prisms  melting  at  134^-136°.  It  is  not  attacked  by 
dilute  acids,  but  dilute  alkalis  cause  it  to  split  up  into  aniline  and  salicylic  acid. 
When  fused  with  barium  hydrate  it  yields  phenol  and  aniline.  It  dissolves  in  sul- 
jAnric  add,  and  is  repredpitated  by  water.  Its  alcoholic  solution  strikes  a  violet 
eolour  with  ferric  chloride. 
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C.H«(NO«)0.^0  +  ZRH)     YeUow  needles ;  eamly  soluble  in  hot  water. 

0»H"(NO«)0.cS*J?b  is  a  yeUow  precipitate. 

The  moMthylic  ether,  OH*(N0*)0H.C0<(?H\  obtained  by  heating  the  iIItw  kU 
with  ethjl  iodide,  separates  from  alcoholic  solution  as  an  oil  which  afberwaidiaolidili'^ 
to  light  yellow  prisms  melting  at  44^.  It  readily  forms  salts  by  exchange  of  ii* 
alcoiiolic  hydrogen  for  motals.  The  silver  salt,  treated  with  ethyl  iodide,  jiialdi  the 
diethylic  ether,  C«H»(N0«X0Cm*).C02C«H»,  as  a  fragrant  oil  slightly  sdnbU  ii 
alcohol.  Heated  with  alcoholic  ammonia,  it  is  convert^  by  exchange  c^  20(?H*  (^r 
2NU^  into  nitramidobenzamide.  C'H'CNOONH'.CONH*,  which  crystallitit  is 
yellow  shining  laminae  melting  at  109^. 

Paranitrosalicvlie  acid  (examined  by  H.  Wattenberg)  eiystallisn  frm 
water  in  very  long,  thin,  colourless  needles,  very  sparingly  soluble  in  gM  water.  It* 
aqueous  solution  is  coloured  blood-red  by  ferric  salts,  like  the  ortho-acid.  The  feUov- 
ing  salts  have  been  examined : — 

C*H"(NO*}(OH).CO''K.  Beddish-yellow  nodular  crusts,  easily  soluble  in  vatn, 
either  hot  or  cold. 

0«H»(NO»)(OH).CO«NH«.    SmaU,  colourless,  easily  soluble  needles. 

C*H*(NO<XOS)-^0'Ag.  Crystallises  from  hot  water  In  ramified  gron{>s  of  sbiII 
slender  reddish-yellow  needles. 

rO«H«(NO«)(OH)CO«]«Ba  +  6H'0.  Tufts  of  smaU  thick  yeUow  needles,  eMQT 
soluble  in  cold  water. 

[C«H»(NO«)(OH)CO«]^r  +  oiH«0.  Groups  of  satiny  needles  which  melt  in  thiir 
water  of  crystallisation  at  100^-1 10° ;  moderately  soluble  in  cold,  easily  in  hot  water. 

L0»H«(N0«)(0H)C0«]2Ca  +  6H*0  melts  at  98'*-100°,  and  otherwise  resembles  tk 
strontium  salt. 

C«H»(NO*).O.CO*.Mg  +  4H^.  Lemon-yellow  crystalline  nodules,  Twry  solubls  ii 
water*and  in  alcohol. 

[C'H«(NO>XOH).CO*]'Zn  +  5H>0.  Bzoad  short  yellow  needles  easily  soloble  is 
cold  water. 

The  monethylic  ether,  C«H«(N02X0H).C0H:'HS  obtained  by  heating  the  w^xtt 
salt  with  excess  of  ethyl  iodide,  ciystaliiaes  in  fiiintly  yellowish  needles  often  an  iaek 
long,  easily  soluble  in  alcohol  and  ether,  melting  at  92  ^-93^.  Its  aodium  tall, 
C"H»(N0*)(0Na).C0-C2H»,  crystallises  in  spherical  groups  of  yellow  yelvety  needK 
easily  soluble  in  water,  lesit  soluble  in  alcohol. 

The  dUthylic  ether,  C«H»(NO=)(OC»H*).CO«C«fl»,  obtained  by  heating  the  silfw 
salt  of  the  monethylic  etlier  with  ethyl  iodide  to  125°,  crystallises  in  small,  bmcIj 
colourless  needles,  very  easily  soluble  in  hot  water  and  in  alcohol,  melting  at  08^-49". 
Heated  with  saturated  alcoholic  ammonia  to  1 60°  for  ei^t  hours,  it  is  eonrerted  mto 
para-nitramidobenzamide,  0<H^N0')NH*.CO.NH',  which  forms  amall  yeUow 
needles  melting  at  140°,  and  is  converted  by  boUing  with  barium  hydrata  into  tbt 
barium  salt  of  paranitramidobenzoic  acid,  [C«H'(NO>X^'S')^']^  + ^4^*0*  ^^ 
crystallises  in  small  thick  yellow  needles,  easily  soluble  in  hot  water.  Tne  finw  add 
separated  therefrom  crystidlises  from  water  in  bright  yellow  slender  needles,  nwd^ 
rately  soluble  in  boiling  water,  also  in  alcohol  and  ether ;  melting  at  270^. 

DxNiTROSALicTLic  £thebs  (Salkowski,  Liehi^t  AnnaJen,  clzxiii.  48-51)- 
Methvlic  dinitroBaiicy/ate,  C*H»(N0«)«0H.C0H:!H»,  obtained  by  adding  wint«igie« 
oil,  rC«H«(OH).COKilI*],  to  a  mixture  of  5  pts.  fhming  nitric  and  6  pts.  fi^ag 
sulphuric  acid,  forms,  ^i-nen  crystallised  from  alcohol,  faintly  yellowish  sealee  mettiif 
at  127**-128^• 

Methylic  Kthyl-dinUrosalicylate,  C*H»(N0«)«(0C2H»).C0«CH«,  is  obtained  by  Ihi 
action  of  ethyl  io<lide  on  the  silver  salt  of  the  preceding  acid  ethv, 
CH^NO')K)Ag.CO'CH".  Considerable  rise  of  temperature  takes  place,  and  oi 
distilling  oflf  the  excess  of  ethyl  iodide,  and  treating  the  residue  several  timee  witk 
hot  alcohol,  and  leaving  the  filtered  liquid  to  cool,  the  methylic  othyl-dinitioealicybts 
Ncpamtcs  out,  and  may  be  purified  by  repeated  crystallisation  from  alcohol.  Fran  a 
concentrated  alcoholic  solution  it  separates  at  first  as  an  oil,  which,  however,  graduUj 
Mtlidifies,  or  may  bo  made  to  solidify  by  throwing  in  a  small  ciystal.  From  non 
dilute  solutions  it  separata's  in  long  prismatic  crystals,  sometimes  also  in  shorter,  UudL 
highly  lustrous,  well -defined  monoclinic  prisms,  having  their  acute  lateral  edgv 
truncated,  and  terminated  by  two  different  pairs  of  augite  faces.  Axial  rMitK 
a:  A  :c»l  :  0'3.')17  :  0-263O.  *  Angle  6c  =  71°  13'.  Obsor\ed  iaces,  ooP.  «aFX 
(oo  P2),  (P  op),  2r  00.     Moltinp  point  80°. 

This  cthvr,  heated  on  tlie  wat«T-b.ith  with  excesH  of  ammonia,  in  converted  into 
the  ammonium  wilt  <.f  dinitro-nnlhranilic  acid,  C^ll'^NO-y-Nir-.CO'NIl*  (p.  272}. 

*  Cumnurc  v.  Itil,  whciv,  howeror,  ttic  ether  la errunuouiily  called  m'thyl-dinitrvmlicniic  atHL 
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DimstkyUo  J>mUroMiieyUUe^  or  MethyUo  Meth^tdimtrotaUeyUttet 
CHXKO')'(OCH*).GOK)H«.— Prepared  like  the  preoediDg,  ufling  methylic  instead  of 
cthjlic  iodide.  Forms  large  thick  crystals  of  the  same  form  as  the  preceding,  and 
mill  ting  at  69°.    Ammonia  converts  it  into  dinitro-anthranilic  acid. 

Eihylic  DmUroaaiieylaU,  CH*(NO*)OH.COH)<H*,  prepared  by  passing  hydro- 
chloric acid  gas  into  an  alcoholic  solution  of  dinitrosalicylic  acid,  forms  colourless 
laminae  melung  at  98^-99°.  Its  ammonium  salt,  C'H\NO*)>.ONH«.GO'<G<HS  ciystal- 
liMe  in  long  needles  haying  a  golden  lustre.  The  stiver  salt,  G«H<(N02)K)Ag.C0*C'H% 
esiinot  b^  Obtained  pure  by  double  decomposition,  but  is  prepared  by  saturating  the 
•Uier  with  the  calculated  quantity  of  finely  divided  silver  oxide  or  carbonate,  and 
heating  with  a  laige  quantity  of  water,  at  first  gently,  and  with  frequent  agitation,  to 
a  temperature  below  the  melting  point  of  the  ether,  afterwards  to  the  boiling  point, 
and  filtering  hot  The  salt  then  separates  in  orange-coloured  slender  needles  or  in 
yellow  spherules,  both  exhibiting  the  same  composition.  If  any  of  the  preceding 
directions  are  neglected,  the  resulting  solution  usually  coagulates  to  a  jelly ;  and  the 
same  remarkable  property  is  exhibited  by  dilute  solutions  of  silver  dinitrosalicylate, 
whereas  from  concentrated  solutions  this  salt  separates  in  fine  crystals. 

Ethylic  MetkyldinUrosalicylaU,  C«H*(NO«)H)Ofl».CO*C«H*,  prepared  by  the  action 
of  methyl  iodide  on  the  silver  salt  last  described,  is  always  contaminated  with  an 
imparity,  which  may  be  removed,  though  with  difficulty,  by  repeated  crystallisation 
firam  very  dilute  alcoholic  solution.  From  a  more  concentrated  alcoholic  solution  it 
always  separates  as  an  oil,  and  even  weaker  solutions  do  not  easily  crystallise  spon- 
taneously, but  may  easily  be  made  to  crystallise  by  throwing  in  a  small  crystal  chT  the 
same  or  the  following  (diethylic)  ether ;  probably,  therefore,  the  two  are  isomorphous. 

Ethylic  methyldinitrosalicylate  forms  large,  thin,  colourless,  six-sided  tables  melt- 
ing at  47°.    Ammonia  converts  it  into  ethylic  dinitro-anthranilate. 

Diethylic  Dinitrosalievlate,  CHXNO>)H)C^^COK)'H^  obtained  by  decomposing 
the  silver  salt  of  monethylic  dinitrosalicylate  with  eth^l  iodide,  separates  from  con- 
centrated alcoholic  solutions  as  an  oil,  from  dilute  solutions  in  fiat  prismatic  crystals 
without  distinct  end-faces.  Melting  point  49°.  This  ether  is  also  converted  by 
ammonia  into  ethylic  dinitro-anthranilate. 

Amidosalictlio  Acids,  G«H>(NH^(0H).C0<H.— The  hydrochloride  of  the 
ortho-acid,  (7H*(NH*)0*.HC1 -i- HK),  obtained  by  treating  orthonitrosalicylic  acid 
with  tin  and  hydrochloric  acid,  forms  decomposible  needles  easily  soluble  in  water. 
Heated  with  bensoyl  chloride  it  yields  fine  colourless  needles  melting  at  189**. 

Paramidosalieylie  aeid  is  obtained  by  reducing  the  corresponding  nitro-acid 
with  tin  and  glacial  acetic  acid.  Its  hydrochloride,  CH*(NH*)0*.HC1,  crystallises  in 
amall,  thick,  dightly  brownish  needles,  moderately  soluble  in  cold,  fireely  in  hot  water. 
Its  solution  in  hyorochloric  acid,  boiled  with  nitric  acid,  yields  iridescent  scales 
(chloranU?).  The  sulphate,  [C^H»(NH«)0"]«H«SO*,  forms  thick  brownish  prisms, 
somewhat  sparingly  soluble  in  cold,  moderately  soluble  in  hot  water. 

Acetyl-paramidosalioylie  acid, 

OH*N0*  -  CrH»(NH.O*H«0)0«  -  C^«(NH.COCH»)(OH).CO«H, 

• 

is  obtained  as  a  bye-product  in  the  amidation  of  para-nitroealicjlic  acid,  and  crystallises 
on  exposing  the  liquid  filtered  from  the  tin  sulphide  to  a  low  winter  temperature,  in 
thick  colourless  needles,  containing  ^  mol.  HH),  moderately  permanent  in  the  air 
Tory  soluble  in  water  and  in  alcohol,  melting  at  218°. 

The  maynesium  salt,  (0'H'KO*)^Mg+  8H^0,  forms  easily  soluble  crystalline  crusts 
having  a  faint  violet  colour.  The  barium  salt,  (0*H*NO*)^'6a+  4H-0,  crystallises  in 
small  reddish  needles  grouped  in  rosettes,  easily  soluble  in  cold,  very  easily  in  hot 
water.  The  calcium  salt,  (OB*N0*)*Ca  +  6 JH*0,  forms  groups  of  thin  colourless 
needles,  sparingly  soluble  in  cold,  easily  in  hot  water.  The  gino  salt, 
(G*H'NO*)*Zn  +  10H'O,  crystallises  in  felted  groups  of  small  slender  needles  easily 
soluble  in  water,  either  hot  or  cold  (Wattenbfffg,  beut.  Chem.  Ges.  Ber.  viii.  1216). 

Salicylanilide,  C»»H"NO«=0»H*(OH)-CO.NH.C«H»  (R  Wanstrat,  Deut. 
Chem.  Ges.  Ber.  vi.  33). — This  compound  is  formed  by  dropping  phosphorus  tri- 
diloride  into  a  mixture  of  aniline  and  salicylic  acid.  The  product  when  cold  forms  a 
yellowish  brittle  mass,  which  may  be  freed  from  phosphorous  acid,  hydrochloric  acid, 
and  aniline  hydrochloride  by  boiling  with  water,  and  further  purified  by  crystallising  it, 
first  from  alcohol,  with  adcUtion  of  aninuil  charcoal,  and  then  several  times  horn  water. 
It  is  thus  obtained  in  small  white  prisms  melting  at  134°-13d°.  It  is  not  attacked  by 
dilate  acids,  but  dilute  alkalis  cause  it  to  split  up  into  aniline  and  salicylic  acid. 
When  fused  with  barium  hydrate  it  yields  phenol  and  aniline.  It  dissolves  in  sul- 
phuric acid,  and  is  repredpitated  by  water.  Its  alcoholic  solution  strikes  a  violet 
colour  with  ferric  chloride. 
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hot  water. 


^       '  ^Mff-^  Yellow  needles ;  easily  soluble  m  hoi 

0»H«(NO«)O.CO»J?b  is  ayeUow precipitate. 

The  monethyUo  ether,  O£^(K0*)0H.G0>(?HS  obtained  bj  heating  the  bUw  salt 
with  ethjl  iodide,  separates  from  alcoholic  solution  as  an  oil  which  afterwaidi  eolidifin 
to  light  yellow  prisms  melting  at  44^.  It  readily  forms  salts  by  exchanp  of  it» 
alcoholic  hydrogen  for  motals.  The  silver  salt,  treated  with  ethyl  iodide,  yields  th« 
diethylic  ether,  C«H"(N0^0Cm*).C02C«H»,  as  a  fragrant  oil  slighUy  eoliible  in 
alcohol.  Heated  with  alcoholic  ammonia,  it  is  converted,  by  exchange  of  300*H*  fi>r 
2NH^  into  nitramidobensamide,  G«HXNO^)NH<.CONH>,  whidi  dTetalliaae  in 
yellow  shining  laminae  melting  at  109°. 

Paranitroealicylio  acid  (examined  by  H.  Wattenbeig)  ciystallisM  frook 
water  in  very  long,  thin,  colourless  needles,  very  sparingly  soluble  in  cold  water.  Its 
aqueous  solution  is  coloured  blood-red  by  ferric  salts,  like  the  ortho-ftcid.  Tkub  Allow- 
ing salts  have  been  examined : — 

C*H*(KO*XOH).CO^.  Beddish-yellow  nodular  crusts,  easily  soluble  in  water. 
either  hot  or  cold. 

0«H»(NO*)(OH).CO«NH*.    Small,  colourless,  easily  soluble  needles. 

O'H*(NO>XOH).0O'Ag.  Crystallises  from  hot  water  in  ramified  grontM  of  small 
slender  reddish-yellow  nerales. 

[0«H»(NO«)(OH)CO«]«Ba  +  6H'0.  Tufts  of  smaU  thick  yellow  needles,  easUy 
soluble  in  cold  water. 

[C«H»(NO»)(OH)00»]»Sr  +  o JH«0.  Groups  of  saUny  needles  which  melt  in  their 
water  of  cryBtallisation  at  100^-1 10° ;  moderately  soluble  in  cold,  easily  in  hot  water. 

[0*H«(N0*)(0H)C0>]H}a+6HK)  melts  at  QS^^-lOO",  and  otherwise  resembles  the 
strontium  salt. 

0*H*(NO').O.CO'Jtfg-f  4HK).  Lemon-yellow  crystalline  nodules,  very  solable  in 
water»and  in  alcohol. 

[0*H«(NO>)(OH).CO*]>Zn  +  bWO.  Broad  short  yeUow  needles  easily  solable  in 
cold  TTator 

The  monethylic  ether,  C«H«(NO«XOH).CO«C=H»,  obtained  by  heating  the  saver 
salt  with  excess  of  ethyl  iodide,  ciystallises  in  faintly  yeUowish  needles  often  ao  inch 
long,  easily  soluble  in  alcohol  and  ether,  melting  at  92  °-93°.  Its  eodium  mdt, 
C"H»(NO*)(ONa).CO«0*H*,  crystallises  in  spherical  groups  of  yellow  velvety  needlei^ 
easily  soluble  in  water,  less  soluble  in  alcohol. 

The  dUthylio  ether,  C«H"(NO^(OC«H*).CO»C«fl»,  obtained  by  heating  the  sflw 
salt  of  the  monethylic  ether  with  ethyl  iodide  to  125°,  crystallises  in  small,  neariy 
colourless  needles,  very  easily  soluble  in  hot  water  and  in  alcohol,  melting  at  98^-99^. 
Heated  with  satiurated  alcoholic  ammonia  to  160°  for  eight  hours,  it  is  oonreited  into 
para-nitramidobensamide,  0'H^NC)*)NH'.CO.NH',  wiiich  forms  smaU  yellow 
needles  melting  at  140°,  and  is  converted  by  boiling-  with  barium  hydrate  into  the 
barium  salt  of  paranitramidobenzoic  add,  [CfH^N()>)(NH<)C0<]Ba-f-4j[HK),  which 
crystallises  in  small  thick  yellow  needles,  easily  soluble  in  hot  water.  Tne  firae  add 
separated  therefrom  crystfdlises  from  water  in  bright  yellow  slender  needles,  mode- 
rately soluble  in  boiling  water,  also  in  alcohol  and  ether ;  melting  at  270^. 

DxNXTBOSALicTLic  Ethebs  (Salkowski,  lAebi^e  Annalen,  dxziii.  4&-51). 
Methylic  dinitroealievlate,  0*H>(N0<)*0H.C0H:!H*,  obtained  by  adding  wintetgreeo 
oil,  rc<HXOH).COK:;H*l,  to  a  mixture  of  6  pts.  Aiming  nitric  and  6  pts.  ftmiii^ 
sidphuric  acid,  forms,  when  crystallised  from  alcohol,  faintly  yeUowish  scales  meltiBg 
at  127*'-128*».» 

Methylie  BlhyUdinUrosalkylate,  C*H<(NO<)'(00'H»).CO<GH',  is  obtained  by  the 
action  of  ethyl  iodide  on  the  silver  salt  of  the  preceding  acid  ether, 
G*H'(NO')^Ag.CO'CH'.  Considerable  rise  of  temperature  takes  plaoe^  and  on 
distilling  ofiT  the  excess  of  ethyl  iodide,  and  treating  the  residue  several  times  with 
hot  alcohol,  and  leaving  the  filtered  liquid  to  cool,  the  methylie  ethyl-dinitrosalicylate 
separates  out,  and  may  b6  purified  by  repeated  crystallisation  from  alcohoL  From  a 
concentrated  alcoholic  solution  it  separates  at  first  as  an  oil,  which,  however,  gradually 
solidifies,  or  may  be  made  to  solidify  by  throwing  in  a  small  crystaL  'Bronx,  mote 
dilute  solutions  it  separates  in  long  prismatic  crystals,  sometimes  also  in  shorter,  thick, 
highly  lustrous,  well-defined  monoclinic  prisms,  having  their  acute  lateral  edges 
truncated,  and  terminated  by  two  different  pairs  of  augite  faces.  Axial  zatio^ 
a  :  6  :  c»l  :  0-3617  :  0-2635.  Angle  6c  =  71°  13'.  Observed  faces,  ooP,  9^V% 
(oo  P2),  (P  a>),  2P  00.     Melting  point  80°. 

Tlus  ether,  heated  on  the  water-bath  with  excess  of  ammonia,  is  converted  into 
the  ammonium  salt  of  dinitro-anthranilic  acid,  C«H»(N0«)2NU».C0«NH«  (p.  272). 

*  Gomparc  v.  164,  where,  however,  the  ether  \m  enxmooosly  called  methyl-dinitroMtHqfiie  ( 
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DimethjfUe  DiniiroiaUewlate,  or  MetkyUo  Methyldimtro$aUoyUUef 
G«H*^0')XOCH*).GOK)H".— Prepared  like  the  preccdiDg,  ofiing  methylic  instead  of 
ethjhe  iodiae.  Forms  large  thick  crystals  of  the  same  form  as  the  preceding,  and 
■Ml ting  at  69^.    Ammonia  converts  it  into  dinitro-anthranilic  acid. 

m^ie  IHmtrotaUeylate,  0•H>(NO<)OH.COyH^  prepared  by  passing  hydro- 
cblorie  add  gas  into  an  alcoholic  solution  of  dinitrosalicylic  acid,  forms  colourless 
lamins  melting  at  98*^-99''.  Its  ammonium  salt,  C'H\NO>)>.ONH^GO*C'^^  erystal- 
11868  in  long  needles  haying  a  golden  lustre.  The  sUver  $aU,  CH'(NO>)K)Ag.COK)'H*, 
eannot  bo  Stained  pure  by  double  decomposition,  but  is  prepared  by  saturating  the 
•ther  witii  the  calculated  quantity  of  finely  divided  silver  oxide  or  carbonate,  and 
heating  with  a  laige  quantity  of  water,  at  &rat  gently,  and  with  frequent  agitation,  to 
8  temperature  below  the  melting  point  of  the  ether,  afterwards  to  the  boiling  point, 
and  filtering  hot  The  salt  then  separates  in  orange-coloured  slender  needles  or  in 
ToUow  spherules,  both  exhibiting  the  same  composition.  If  any  of  the  preceding 
directions  are  neglected,  the  resulting  solution  usually  coagulates  to  a  jelly ;  and  the 
same  remarkable  property  is  exhibit^  by  dilute  solutions  of  silver  dinitrosalicylate, 
whereas  from  concentrated  solutions  this  salt  separates  in  fine  crystals. 

EtlwUe  Meih/ldinUrosalicylate,  C«H»(NO«)«OCfl».CO«C«H»,  prepared  by  the  action 
of  methyl  iodide  on  the  silver  salt  last  described,  is  always  contaminated  with  an 
impori^,  which  may  be  removed,  though  with  difficulty,  by  repeated  crjrstallisation 
finmi  T8iy  dilute  alcoholic  solution,  from  a  more  concentrated  alcoholic  solution  it 
always  separates  as  an  oil,  and  even  weaker  solutions  do  not  easily  crystallise  epon- 
taneously,  but  may  easily  be  made  to  crystallise  by  throwing  in  a  small  crystal  oi  the 
aame  or  the  following  (diethvlic)  ether ;  probably,  therefore,  the  two  are  isomorphous. 

£thylic  metliyldinitrosalicylate  forms  large,  thin,  colourless,  six-sided  tables  melt- 
ing at  47^.    Ammonia  converts  it  into  ethylic  dinitro-anthranilate. 

DiMylk  THnitrouOieulaU,  G'HXNO')H)C^'.COK)'HS  obtained  by  decomposing 
the  sUver  nit  of  monethylic  dinitrosalicylate  with  eth^l  iodide,  separates  from  con- 
centrated alcoholic  solutions  as  an  oil,  from  dilute  solutions  in  flat  prismatic  crystals 
without  distinct  end-fitces.  Melting  point  49**.  This  ether  is  also  converted  by 
SBUDonia  into  ethylic  dinitro-anthranilate. 

Amidosalictlio  Acids,  C<H*(NH')(0H).C0*H.— The  hydrochloride  of  the 
Oftho-acid,  (rH*(NH>)0*.HCl -t- HH),  obtained  Xxj  treating  orthonitrosalicylic  add 
with  tin  and  hydrochloric  add,  forms  decomposible  needles  easily  soluble  in  water. 
Heated  with  bensoyl  chloride  it  yields  fine  colourless  needles  meltiag  at  189^. 

Paramidosalioylie  aeid  is  obtained  bv  reducing  the  corresponding  nitro-add 
with  tin  and  gladal  acetic  acid.  Its  ht/drochloruU,  CH*(NH')0'.HC1,  crystallises  in 
amall,  thick,  sLi^tlv  brownish  needles,  moderately  soluble  in  cold,  flreely  in  hot  water. 
Its  solution  in  hydioehloric  acid,  boiled  with  nitric  acid,  yields  iridescent  scales 
(chloranil?).  The  sulphate,  [C'H»(NH>)0']*H>SO«,  forms  thick  brownish  prisms, 
somewhat  sparingly  soluble  in  cold,  moderately  soluble  in  hot  water. 

AcetyUforatMoiolioylie  acid, 

OH»N0*  =  CrH»(NH.C»H«0)0«  -  C«H«(NH.COCH«)(OH).CO«H, 

is  obtained  as  a  bye-product  in  the  amidation  of  para-nitroealicjlic  acid,  and  crystallises 
on  expodng  the  liquid  filtered  from  the  tin  sulphide  to  a  low  winter  temperature,  in 
thick  colourless  needles,  containing  ^  mol.  H'O,  moderately  permanent  in  the  air 
Teiy  soluble  in  water  and  in  alcohol,  melting  at  218^. 

The  magnesium  salt,  (0'H'NO*)^Mg  +  8H^0,  forms  easily  soluble  crystalline  crusts 
having  a  faint  violet  colour.  The  barium  salt,  (C*H*NO*)'Ba  +  4H^0,  crystallises  in 
small  reddish  needles  grouped  in  rosettes,  easily  soluble  in  cold,  very  easily  in  hot 
water.  The  calcium  tedt,  (G'H'NO^)'Ca  +  6^H^0,  forms  groups  of  thin  colourless 
needles,  sparingly  soluble  in  cold,  easily  in  hot  water.  The  einc  salt, 
(CH'NO^)*Zn  +  lOH'O,  crystallises  in  felted  groups  of  small  slender  needles  easily 
soluble  in  water,  dther  hot  or  cold  (Wattenberg,  beut.  Chem,  Ges.  Ber,  viii.  1215). 

Salicylanilide,  C"H"N0«=0»H*(0H)-C0.NH.OH»  (B.  Wanstrat,  Dcui. 
Chem.  Ges.  Ber,  vi.  83). — This  compound  is  formed  by  dropping  phosphoras  tri- 
diloride  into  a  mixture  of  aniline  and  salicylic  add.  The  product  when  cold  forms  a 
j«Uowish  brittle  mass,  which  may  be  freed  from  phosphorous  add,  hydrochloric  add, 
and  aniline  hydrochloride  by  boiling  with  water,  and  further  purified  by  crystallising  it, 
first  from  alcohol,  with  addition  of  animal  charcoal,  and  then  several  times  from  water. 
It  is  thus  obtained  in  small  white  prisms  melting  at  134^-135°.  It  is  not  attacked  by 
dilute  adds,  but  dilute  alkalis  cause  it  to  split  up  into  aniline  and  salicylic  acid. 
When  fused  with  barium  hydrate  it  yields  phenol  and  aniline.  It  dissolves  in  sul- 
phuric add,  and  is  repredpitated  by  water.  Its  alcoholic  solution  strikes  a  violet 
toVaar  with  feme  chkwida. 
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Salicylnitranilide,  C«H40H-C0(NH.G*H«N0f), obtained  in likimaimaririth 
nitraniline  and  salicylic  add,  crystallises  from  alcohol  in  groups  of  needlef  mdtiiifg  at 
217^-218^,  and  reacts  with  acicfs,  alkalis,  and  ferric  chloride,  like  salieylMrilida, 

Salicyl'toluidide,  C"H"NO«=C«H«OH-CO[NH.Cra*(OH»)J,  is  obtained I7 
the  action  of  phosphorus  trichloride  on  a  mixture  of  tolnidine  and  suieflio  aeid ;  it  is 
not  eas^  to  prepare,  as  secondary  products  are  formed  to  a  oonsidezable  ezteiit.  II 
crystallises  in  white  prisms  melting  at  156^-156'',  and  when  boiled  with  wqpmmM 
potash  splits  up  into  tolnidine  and  salicylic  acid.  On  fusion  with  barium  hjdnte  it 
▼ields  phenol  and  tolnidine.  It  is  far  less  soluble  in  water  than  the  aaliis^aiiilide, 
but  behares  like  that  substance  with  other  solyents  (Wanstrst). 

(2).  Metaozybensolo,orsimply  Ozybensolo  AeidfO'.OO'HJI.OHJi'.  TUi 

add  is  formed,  together  with  a  smaller  quantity  of  salicylic  acid  (1 :  2),  when  ehloiD* 
salylic  (ortho-chlorobenzoic)  acid  is  fused  with  potassium  hydrate.  ^Hie  largest 
proportion  of  the  meta-add  is  obtained  when  1  pt.  of  chlorosalylic  acid  is  fused  with 
2  to  2^  pts.  of  pulverised  potassium  hydrate  in  a  retort  placed  in  an  oil-bath  at  160^. 
The  reaction  begins  at  this  temperature,  and  soon  becomes  so  violent  as  to  rendflr  it 
necessary  to  remove  the  retort  repeatedly  from  the  oil-bath.  The  cessation  of  the 
frothing  indicates  the  complete  decomposition  of  the  chlorosalylic  add.  The  thsr> 
mometer  then  exhibits  the  constant  temperature  of  200°.  Subsequent  raising  of  the 
temperature  to  250°  does  not  alter  the  products.  On  dissolving  the  melt  in  hot 
water  and  acidulating,  there  remains  an  amorphous  nearly  insoluble  body  of  unknowB 
composition ;  and  the  aqueous  solution  contains  the  oxybenzoic  and  salicrlic  addi^ 
whidi  may  be  extracted  from  it  by  ether,  and  separated  by  means  of  chlorofarm, 
which  reaoily  dissolves  the  latter.  From  45  grams  of  chlorosalylic  add  thus  tiestad 
there  were  obtained  10*5  oxybenzoic  and  5  salicylic  acid.  If  the  action  of  the  potadi 
be  allowed  to  go  on  violently,  the  proportion  of  salicylic  add  obtained  is  less.  The 
contrary  is  the  case  in  fusing  with  sodium  hydrate  (2  pts.  NaHO  to  1  pL  diloRK 
salylic  add)  ;  in  this  case  the  action  goes  on  much  more  quietly,  and  the  quantities  of  the 
two  acids  obtained  are  nearly  equal.  Increase  of  the  quantity  of  potasnum  hjdnte 
or  addition  of  potassium  carbonate  has  no  influence  on  the  result.  But  if  1  moL  of 
the  add  be  fused  with  2  mols.  potasdnm  or  sodium  hydrate,  the  reaetioo  ii 
extremely  violent,  and  only  small  quantities  of  the  two  oxy-adds  are  obtained. 
Paraoxybenzoic  acid  has  not  been  observed  in  dther  case  (Ost^  J.pr,  Ckem,  [2],  sL 
385). 

Oxybenzoic  add  when  distilled  passes  over  for  the  most  part  unchanged,  hot  at 
the  same  time  acquires  a  yellow  colour,  duo  to  the  presence  of  1  or  2  per  cent,  of 
'anthraflavone,  C'*H'0\  formed  from  it  by  dehydration  and  condensation ; 
2C^H'0'-2H30«0*«H'0\  This  change  takes  place  to  a  much  greater  extant  on 
heating  the  oxybenzoic  acid  with  strong  sulphuric  add  (Barth  a.  Senhofer).  See 
AirrUBAFLAVONB  (p.  107). 

lodoxyhenzoic  acidt  CH'I(0H).G0^H,  is  formed,  together  with  di-iodophenol, 
by  alternately  adding  iodine  and  mercuric  oxide  to  oxybenzoic  add  dissolved  in 
alcohol  of  90  per  cent.,  the  quantity  of  di-iodophenol  increasing  with  the  proportion 
of  iodine  employed.  The  two  compounds  are  separated  by  boiling  water,  which  leaves 
the  greater  part  of  the  di-iodophonol  undissolved.  lodoxyhenzoic  add  forms  smsU 
needles  mosdy  united  in  groups  slightly  soluble  in  cold,  very  soluble  in  boiling  water. 
Di-iodoxyhensoic  acid  has  not  been  obtained. 

Nitro-todoxybeneoio  acid,  C^B7I(N0')0',  prepared  in  like  manner  from  nitro-oiT- 
benzoic  add,  forms  small  lemon-yellow  crystals,  sparingly  soluble  in  water,  easily  m 
hot  alcohol.  The  acid  barium  salt,  [(riPI(N0«)0»]«Ba  +  6H*0,  crystallises  in  micRH 
scopic  needles  of  a  deep  roseate  colour  (Weselsky,  Ik^ng's  AnncUen,  dxxiy.  99). 

(3).  Paraozybenxolo  Acid,  C<.CO<H.H.H.OH.H'.  FortfuUion—l.  Ffom 
Phenol.  When  carbon  dioxide  is  passed  through  a  solution  of  potassium  in  boiling 
phenol,  paraoxybenzoic  add  is  produced,  in  the  same  manner  as  salicylic  add  is  Ibimea 
by  treating  phenol  with  carbon  dioxide  and  sodium  (v.  162 ;  2nd  Buppl,  1066) : 

G»H«0  +  C0»  +   K«  =  C-H*(OK).CO»K  +  H» 

The  paraoxybenzoic  add,  separated  from  the  resulting  potassium  salt,  always  oontaias 
a  little  salicylic  acid,  probably  duo  to  a  small  quantity  of  sodium  contained  in  the 
potassium.  The  two  adds  may  be  separated  by  boiling  chloroform,  which  dissolfes 
salicylic  add  freely  and  paraoxybenzoic  add  but  sparingly  (Kolbe,  J,  pr  Cktm,  \%\, 
viii.  336\ 

To  obtain  a  good  yield  of  paraoxybenzoic  froo  from  salicylic  add,  spedal  pteeaa- 

tions  are,  however,  required.    The  following  process  is  described  by  Hartmann  {jJbiL 

xvi.  35).    Potassium  phonato  is  first  prup;ired  b^  adding  solid  potassium  hydrate  to 

phenol  heated  in  a  shallow  iron  basin ;  the  mixture  is  eva^rated  at  a  ratW  hig^ 
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tempentoze,  and  with  oonstant  stirring,  till  the  mass  begins  to  separate  in  small 
nod^es ;  the  heat  is  oontinned  for  a  few  minutes  longer ;  and  the  flame  then  suddenly 
remoTed.  If  the  heating  be  dlsoontinued  too  soon,  the  potassium  phenate  retains 
moisture,  and  then  yields  but  a  small  quantity  of  para-oxybenzoate  when  treated  with 
earboii  dioxide;  and  if  it  be  too  much  prolonged,  violent  decomposition  of  the 
potassium  phenate  is  likely  to  ensue.  For  the  preparation  of  large  quantities,  an 
mm  xetort  provided  with  a  stirring  apparatus  is  reqtiired.  In  a  well  conducted 
opention,  the  (Quantity  of  paroxybenzoic  acid  (separated  from  the  potassium  salt  by 
hjdroehlorie  acid^  shoold  be  about  80  per  cent,  of  the  potassium  phenate  used. 

Paraoxybenaoic  acid  is  also  formed,  together  with  salicylic  acid,  by  heating  phenol 
in  an  alcoholic  solution  containing  excess  of  potash  or  soda,  with  carbon  ietraoMoride  : 

C^»NaO  +   Oa«  +  6NaH0   =   C«H*<^^fj^^    +   4Na01   +   3H'0. 

Hia  same  reaction  takes  place,  though  less  (quickly,  in  aqueous  solution.  GK)od  pro- 
portioiis  are :  28  pts.  KaHO,  or  dOKHO,  dissolved  in  a  small  quantity  of  boiling 
water,  and  so  much  alcohol  that  carbon  tetrachloride  produces  no  turbidity  in  the 
li^d,  together  with  10  pts.  of  crystallised  phenol,  and  17  pts.  OCl*,  the  mixture 
beug  heated  to  100^  in  sealed  tubes  for  two  or  three  days.  The  relative  quantities 
of  paraoxybenxoic  and  salicylic  acids  produced  do  not  appear  to  be  affectm  by  the 
iiatiixe  of  the  alkali  employed  TBeimer  a.  Tiemann,  DetU.  Chem,  Oes,  Ber,  ix.  1285). 

2.  From  Salicylic  Acio. — Monopotassic  salicylate  heated  to  220^  is  resolved 
into  phenol,  carbon  dioxide,  and  dipotassic  paraoxybenzoate,  according  to  the  equa- 
tion: 

2C«H*(0H)C0«K  =  C«H*OK.CO«K  +   0»H»OH  +   CO". 

Honosodic  salicylate  similarly  treated  yields  disodio  salicylate. 

The  paraoxybenzoate  thus  formed  is  tolerably  pure  if  the  air  has  been  excluded 
during  toe  process:  otherwise  the  paraoxybenzoio  acid  separated  from  it  is  dark- 
eoloured ;  but  even  then  it  is  easily  purified  and  obtained  as  a  snow-white  mass  by 
lecijatalliaation  with  the  aid  of  animal  charcoal.  Tetrethylammonium  salicylate  like- 
wise yields  paraoxybenzoio  acid  when  heated ;  but  the  barium,  strontium,  and  calcium 
atihM,  and,  indeed,  all  the  other  salicylates  hitherto  tried,  behave  like  the  sodium  salt^ 
yielding  not  paraoxybenzoates,  but  dimetallic  salicylates  (Kolbe,  J.  pr,  Chem,  xi.  249  ; 
Ott,  UfuL  385). 

Dipotassic  salicylate  acts  precisely  like  the  monopotassic  salt,  yielding  dipotassic 
pazaoxybenzoate,  potassium  carbonate,  and  phenol :  thus 

2(C»H*0KC0«K)  +  HK)  -  C-H*OK.CO«K  +   0»H«0  +  CO"K« 

A  mixture  of  salicylic  acid  and  3  mols.  of  potash,  acts  quite  difierently  from  the 
dipotassic  salt ;  at  250^  no  change  ensues,  but  at  300°  every  trace  of  salicylic  add 
beoomes  converted  into  potassium-phenol  and  potassium  carbonate,  thus — 

C»H*OH.CO«H  +   3K0H  -  C«H».OK   +   CO«K«  +  2H«0. 

The  same  result  occurs  if  the  monopotassic  salt  and  2  mols.  of  caustic  potash  or  the 
dipotassic  salt  and  1  mol.  are  heated  together.  When,  however,  4  or  more  molecules 
of  potash  are  employed,  little  or  no  change  takes  place  at  300**,  and  in  no  case  is 
paraoxybenzoio  add  produced.  In  order,  therefore,  to  obtain  paraoxybenzoic  acid 
nom  salicylic  add,  not  more  than  2  mols.  of  potash  to  1  of  acid  must  be  used ;  with 
2|  mola.  tome  paraoxybenzoic  add  is  formed,  but  most  of  the  salicylic  acid  splits 
intophenol and  carbonic  acid. 

Tuib  non-formation  of  paraoxybenzoic  acid  with  soda  and  with  more  than  2  mols. 
of  potash  is  not  due  to  the  convertibility  of  paraoxybenzoic  add  into  salicylic  acid 
imaer  these  conditions :  for  on  heating  paraoxybenzoic  add  to  various  temperatures 
with  different  proportions  of  potash  and  of  soda,  it  is  found  that,  in  the  former  case, 
smaller  quantities  of  alkali  than  6  mds.  bring  about  more  or  less  decomposition  into 
phenol  and  carbonic  add,  but  6  mols.  or  more  entirely  prevent  this  decomposition  at 
SOO®  ;  with  soda,  4  mols.  completely  stop  this  change,  which  is  readily  undeigone  by 
the  mono-  and  disodic  salts.  In  no  case  is  either  ozybenzoic  or  salicyUc  acid 
produced. 

In  this  case,  therefore,  as  in  many  others,  po^h  and  soda  difier  materially  in 
their  action  when  fused  with  organic  bodies.  Moreover  the  nature  of  the  change 
varies  with  the  temperature,  and  especially  with  the  proportion  of  alkali  employed ; 
and  these  drcumstancee  may  perhaps  throw  some  light  on  the  discordant  results 
obtained  by  different  chemists  in  heating  one  and  the  same  phenol- derivative  with 
caustic  alkali,  the  same  chlorophenol,  for  example,  sometimes  yidding  resorcin  and 
sometimes  hydroquinone.    duch  variations  might  indeed  arise  from  the  use  of  potash 
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eontainiDg  more  or  less  soda.    Hence  it  is  plain  that  ftudon  with  caustic  alkalis 
be  safely  used  as  a  means  of  determining  the  orientation  of  the  latarai  chains  in 
deriTatives  (Eolbe, «/:  jpr.  Chem.  [2],  z.  89,  461 ;  Ost^  ibid.  xi.  386). 

8.  From  J\/rosine,  This  compound,  fused  with  twice  its  weight  of  aodiai 
hydrate,  yields  sodium  paraozybenzoate,  together  with  ammonia  and  nydrogHi  {Ott^ 
J.  pr.  Chem.  [2],  zii.  169). 

Paraozybenzoic  acid  crystallises  in  monodinic  prisms  (At.  868). 
of  the  angles  by  von  Bensch  are  giyen  in  Hartmann's  paper  above  cited. 

The  following  salts,  prw>ared  by  neutralising  the  hot  aqueous  solution  of  ths 
with  the  corresponding  cartwnates,  haye  been  examined  bj  Hartmann. 

The  ammomum,  potamum,  and  iodium  salts  cr^tallise  from  concentrated  solntioiis 
at  low  temperatures.  The  solution  of  the  ammomum  salt  giyes  off  ammonia  dozing 
eyaporation,  and  mnst  therefore  be  kept  neutral  by  addition  of  ammonia. 

0<HH)H.CO'NH«  +  HH)  forms  slowly  efQorescent  prisms  an  inch  I<uig.-* 
C*H^H.CO*E+ 3H*0  forms  non-efflorescent  crystals,  and  does  not  giye  off  tha  wSolt 
of  its  water  eyen  oyer  sulphuric  acid  in  a  yacuum. — G'HK>H.CO'Na  +  6HK).  Trans- 
lucent tablets  haying  a  slight  brown  colour  and  yery  efflorescent. 

(C^«OH.GO<)H:!a + ARK).    Slender  needles. 

(0*H«0H.C0')*Ba+2H>0.  Flat  shining  needles  or  crystalline  mass,  iq»pareatlj 
composed  of  acute  rhombohedrons  with  basal  pinacoi'd. 

The  strontium  salt  was  once  accidentally  obtained  in  rather  large  crystals,  naiallj 
in  slender  needles. 

(C*HK)H.OO^'Od. — Separates  from  hot  strong  solutions  in  fine  needles  witk 
4HH)  (iy.  863) ;  £rom  the  mother-liquor,  after  some  time  in  crystals  with  0H*O. 

(0*JB[K)H.GO^^n  +  8HH).— Broad  laminar  crystals  (Hlasiwets  a.  S^ffth,  XM^i 
Annaletif  czzziy.  272) ;  granular  crystals  (Hartmann). 

The  eth^lio  ether,  C*H«OH.GOOG*H*,  prepared  in  the  usual  way  by  pasm 


hydrogen  chloride  into  the  alcoholic  solution  of  the  acid,  is  a  crystalline 

melts  when  heated  under  water,  and  dissolyes  to  a  small  amount  in  boiling  watsc   It 

is  nearly  insoluble  in  carbon  sulphide,  sparingly  soluble  in  chloroform  and  beoBB, 

yery  soluble  in  alcohol  and  ether.    It  melts  at  116^.    Ammonia  dissolyes  it  readihr, 

without  howeyer  producing  any  perceptible  alteration  in  it,  eyen  after  a  eoamdmuk 

time. 


Paraqxyheneamide,  C*HK)H.GONH',  is  obtained  by  heating  the  ether 

pressure  with  highly  concentrated  aqueous  ammonia.  On  eyaporating  thepiodiiet 
oyer  the  water-bath,  the  excess  of  ammonia  escapes,  and  the  undecompoeed  ether  thn 
separates  as  a  heayy  liquid,  from,  which  the  aqueous  solution  may  be  decanted.  Thk 
solution,  when  strongly  concentrated,  yields  the  amide  on  cooling  in  slender  brownish 
needles,  which  may  be  decobrised  by  animal  charcoal,  and  freed  from  traoes  of  fhs 
ether  by  treatment  with  chloroform. 

The  pure  amide  crystallises  from  aqueous  solution  by  rapid  cooling  in  exilian 
needles;  by  slow  cooling  in  thicker,  highly  lustrous  needles,  onen  8-4  cjn.  long,  witt 
rhombic  cross-section.  They  contain  1  moL  H'O,  which  is  giyen  off  quickly  at  KMP, 
slowly  oyer  sulphuric  acid.  The  compound  dissolyes  easily  in  alcohol  and  in  hot 
water,  sparingly  in  ether  and  in  cold  water,  and  is  nearly  insoluble  in  ehloroifoia, 
carbon  sulphide  and  benzin.  It  melts  at  162^.  Its  aqueous  solution  has  a  ftiit 
acid  reaction.  Heated  with  caustic  potash,  it  giyes  off  ammonia,  and  yields  potaMim 
paraozybenzoate. 

Paraozybonzamide  possesses  both  basic  and  acid  properties,  the  latter  being  die 
to  the  hydroxyl  which  it  still  retains.  Its  sodium  salt,  CH^ONa.CO'NH',  sepantes 
as  a  thick  white  precipitate  on  mixing  a  cold  alcoholic  solution  oi  the  anuda  witb 
aqueous  soda,  and  may  be  obtained  pure  by  remoying  the  excess  of  the  amide  wii 
eUier,  and  drying  it  in  a  stream  of  hydrogen.  In  the  moist  state  it  is  decomposed  1 
the  carbonic  acid  of  the  air.  It  dissolyes  easily  in  water  and  in  alcohol,  but  is  insoli 
ble  in  ether.  From  the  alcoholic  solution  it  separates  on  eyaporation  oyer 
acid  as  a  crystalline  mass.    From  the  aqueous  solution  adds  reprecipitate  the  *"«"^fL_ 

The  h/droehloride,  GfH«OH.CONH*  +  HCl,  obtained  by  passing  diT  hydxq^: 
chloride  oyer  the  amide  contained  in  a  Liebig's  drying  tube,  is  a  solid  bodj,  whi^] 
melts  at  206^-206°,  and  dissolyes  in  water,  but  is  decomposed  when  heated 
with  repro<luction  of  the  amide. 

Paraoxybonzamide  appears  also  to  form  a  well-crystallised  compound  with 
acid  ^Hartmann). 

Paraoxybeneonitril,    or    Paracyanophenol,      C^H»NO - C^«^25;     i^ 

formed  from  the  amide,  or  better  from  ammonium  paraoxybonzoate,  by  rapid  distill 
tion  with  phosphoric  anhydride,  and  collects  in  the  receiyer  as  a  heayy  oil  mixed  witib 
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phanol,  firom  which  it  may  be  freed  by  boiliDg  with  water,  tUl  the  odour  of  phenol  is 
no  longer  pezceptiblA  and  the  oil  itself  is  dinolyed.  The  filtered  solntion  on  cooling 
deposfts  the  nitril  in  thin  rhombic  lamine  having  a  splendid  iridescence.  It  has  a 
sweet  taste,  with  biting  after-taste ;  dissolves  slightly  in  cold,  more  freely  in  hot 
water,  but  withont  combining  therewitii ;  dissolves  also  in  iJcohol,  ether,  and  chloro- 
form.    Melts  at  118^ 

The  nitril  boiled  with  caustic  alkalis  gives  off  ammonia,  and  is  converted  into 
a  paraozybenzoate.  It  also  takes  up  water  when  boiled  with  .hydrochloric  acid,  and 
tha  solution  on  cooling  deposits  slender  needles  of  the  above-described  hydro- 
chloride of  paraozybenzamide.  Like  the  amide,  it  also  forms  a  sodiitm  ioit, 
CH^ONa.0N,  which  is  precipitated  on  adding  aqueous  soda-ley  not  in  excess  to  a 
Qold  ethereal  solution  of  the  nitril.  It  is  modmtely  soluble  in  water,  and  separates 
therefrom  in  crystals  containing  SH'O. 

This  nitril  closely  resembles  the  metacyanophend  discovered  by  Griess,  but  has 
only  a  slight  resemblanoe  to  Linqiricht^s  so-called  saiieyUfmde  (166). 

lo  doparaoxybengoie  aeidSt  mono-  and  di-,  are  produced  by  alternately 
adding  iodine  (1  or  2  mols.)  and  mercuric  oxide  to  a  solution  of  paraoxybenaoic  acid 
in  alcohol  of  90  per  cent.  Tri-iodophenol  (fonmerly  mistaken  for  tetraiodosalicylio 
aad)  is  formed  at  the  same  time  H^^lsky,  lAdntfi  Annaien,  dxxiv.  90).  The  mono- 
and  di-iodated  adds  thus  preparea  agree  in  all  their  characters  with  tiiose  described 
by  Peltzer  (1st  Suppl.  900). 

IRtroiodo-foraoxyhmeoio  acid,  0'H*I(NO*)0',  formed  in  like  manner  from  nitro- 
paraoxy benzoic  add,  ibrms  lemon-ydlow  light  needles.  The  neutral  barium  9dU, 
&H^(NO')0'Ba  +  2HK),  crystallises  in  short  dnnabar-red  needles  with  green  metallie 
Instre;  the  add  barium  aaU,  [G^>I(NO^On*Ba+4H*0,  in  shining,  roseate,  flat 
needles  and  tablets.  The  formation  of  this  add  is  accompanied  by  that  of  paradi- 
iodonitrophenol,  the  potassium  salt  of  which,  0*H'SP(NO')0',  is  the  first  to  crystal- 
lise out  (Wesdsky). 

Dinitromethylparaoxybengoio  acid,  or  DinitraniBio  aeid, 
O^H:'(NO<)^OOH*).COOH  (Salkowsky  a.  Budolph,  Deut,  Ckem,  Ges.  Ber.  x.  1264).— 
This  add  may  be  conveniently  prepared  by  adding  pure  nitranisic  add  (m.  p.  189®)  in 
poctions  of  40  grams  to  a  weU-cooIed  mixture  of  140  grams  of  nitric  add,  sp.  gr.  1*6 
and  160  grams  of  strong  sulphuric  add.  The  greater  part  of  the  dinitranidc  add 
aeparates  from  the  liquid  in  slender  needles  in  the  course  of  48  hours,  and  may  be 
eoUected  in  a  funnel  stopped  with  a  cone  of  platinum.  An  additional  quantity  may 
be  obtained  from  the  filtrate,  together  with  di-  and  trinitranisol,  by  addition  of 
water.  The  dimtranidc  add,  purified  by  solution  in  cold  dilute  solution  of  sodium 
carbonate,  repredpitation,  and  reerystallisation  from  dilute  alcohol,  mdts  at 
181*»-182«>. 

Dinitranidc  acid,  heated  to  160^  fbr  five  hours  with  6  parts  of  water,  is  converted 
into  dinitroparaoxybensoic  acid,  which  separates  in  plates,  and  methyl 
alcohol;  and  if  the  neating  be  prolonged  and  the  temperature  raised  to  170^, 
tha  tabular  crystals  likewise  disappear,  being  resolved  into  GO*,  which. escapes  on 
opening  the  tube,  and  a  crystalline  mass,  which  melts  much  bdow  the  boiling  point 
of  water.  On  dissolving  this  mass  in  dilute  sodixmi  carbonate,  and  leaving  the 
solution  to  crystallise,  fine  red  needles  are  obtained,  condstinff  of  the  sodium  deriva- 
tive of  /3-dinitrophenol  (2nd  8uppl.  927).  Now,  as  aninc  add  belongs  to  the 
paza-series,  and  i3-dinitrophenol  has  its  two  NO*-groups  contiguous  to  the  hydroxyl. 
It  follows  that  dinitranidc,  dinitro^araoxyben2oic,dinitroparamidobenzoic  (chiysanisio) 
acid,  &c.,  must  have  the  constitution  1:3:4:6  (00*  in  1),  thus — 

0(>*H  00^  00^ 


OCH*  OH 


VO*  NO* 


Mononitranisic  acid,  C*.G0*H.H.N0*.0GH'.H*,  heated  with  water  under  pressure, 
should  yidd,  in  like  manner,  nitropcuraoxybenzoic  acid  and  orthonitrophenol ;  the  latter 
is  however  the  sole  product  actually  obtained,  whence  it  would  appear  that  the  tempe- 
rature at  which  the  nitranisic  add  is  saponified  suffices  also  for  the  decompodtion  of 
the  nitroparaoxybenzoic  acid  into  00*  and  orthonitrophenol.  The  decomposition  may 
accordingly  be  represented  by  the  following  equation : 

C«H>"(KO«j(0CH^).CO*H  +  H*0  »  C«HXNO*)OH  +   CH»OH  +  00*. 
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>COOH 
Aldebydo-ozybenxolo  Acids,  C*H*0«==C*H^-OH         (Reimer   a.    T1«niftiiii, 

\COH 


Leut.  Chem,   Ges.  Ber.  ix.   1268).    These  acids,  intermediate  in  character  beti 
oxy-acids  and  aldehydes,  are  produced,  like  salicylic  aldehyde,  by  the  action  of  ehlofo- 
furm  on  oxy-acids  in  alkaline  solution : 

^H<ov?^*  +  SNaHO   +   CnCl«  -=  3NaCl  +  2H«0  +  0»H«^^^ONk '  * 
"^*  \C0H 

Ozybeoioate.  Altkbydo- 

02 


In  this  manner  two  aldehydo-acids  have  been  obtained  horn  aalicylici  and  one  torn, 
paraoxybenzoic  acid. 

a.  When  pure  salicylic  acid  ( 14  parts)  and  solid  sodium  hydrate  (26  parts),  diMolTtd 
in  water  ^50  parts)  are  boiled  with  chloroform  (15  parts)  for  some  honrs,  and  the 
product  01  the  reaction  is  dissolved  in  Mrater  and  strongly  acidified  with  hvdroehlorie 
acid,  a  yellow  precipitate  is  thrown  down,  which  dimolves  readily  in  etner,  and  is 
taken  up  therefrom  almost  entirely  by  an  aqueous  solution  of  add  Bodiom  sulphite. 
The  latter  solution,  when  boiled  with  dilute  sulfuric  acid,  deposits  a  erTStsUiaa 
precipitate,  separable  by  czystallisation  from  water  into  the  two  following  homes  :— 

(1).  Paraldehydosalicylio  acid,  (CO^H  :  OH  :  COH-1  :  2  :  6).— This  sdd 
crystallises  out  in  lone  delicate  yellowish  needles,  melting  when  purest  248^-249®,  asd 
dissolving  freely  in  ewer  and  hot  alcohol,  but  verr  sparingly  in  water  and  chlarcAniL 
The  aqueous  solution  produces  a  deep  cherry-red  cdoration  with  ferric  chloride.  It 
decomposes  carbonates  with  effervescence,  and  combines  with  acid  sodiom  ■"^phittt 
thus  behaving  both  as  an  acid  and  an  aldehyde.  Its  Aalmnn^  salt,  submitted  te 
dry  distillation  with  calcium  hydrate,  yields  paraoxybenzoic  aldehyde ;  whence  it  aaj 
be  inferred  that  the  aldehyde-group  occupies  the  para-position  in  rdation  to  the 
hydroxyl. 


(2).  OrthoaldehydoBalioylic  acid,  (00«H  :  OH  :  (X)H  -1:2:  3^— 1— 
body  is  contained  in  the  mother-h^uor  of  the  preceding,  and  is  taken  up  theiefiran  ly 
ether,  which  leaves  it  on  evaporation  in  the  form  of  a  white  crystalline  mass.  "Whoi 
pure,  it  crystallises  in  delicate  needles,  which  melt  at  166^,  and  sablims  wiUMMit 
decomposition  at  a  somewhat  higher  temperature.  Its  aqueous  solution  is  oolosnd 
yellow  by  soda,  and  red  by  ferric  chloride.  It  decomposes  carbonates  with  flflbrvescenei^ 
and  combines  with  acid  sodium  sulphite,  like  the  preceding  compound.  Its  ealam 
salt,  distilled  with  calcium  hydrate,  yields  pure  salicylic  aldehyde,  showing  thafc  ths 
aldehyde-group  occupies  the  ortho-position  in  relation  to  the  hydro^L 

fi.  Paraoxybenzoic  acid,  treated  in  a  precisely  similar  manner  with  chlcnolDtB 
and  sodium  hydrate,  yields  only  one  aldehydo-acid,  together  with  paiaoJLybeasuis 
aldehyde.  On  diluting  the  product  of  the  reaction  with  6  to  8  parts  of.  wstor* 
acidulating  with  hydrochloric  acid,  extracting  the  organic  prodnets  with  ethv» 
agitating  the  ethereal  solution  with  acid  sodium  sulphite,  separating  the  sqpeosi 
liquid  from  the  ether,  mixing  it  with  a  slight  excess  of  dilute  enlphnric  aeia»  sad 
passing  steam  into  the  liquid  till  all  the  liberated  sulphurous  add  is  ezpelled«  aldehydo* 
paraoxybenzdc  add  crystallises  out  in  needles,  the  quantity  of  wlucb  inert 
siderably  as  the  liquid  cools,  and  paraoxybenzaldehyde  remains  in  solution. 


AldehydS'paraoxyheneoicacid.ipO^K  .*  COH  .*  OH-^l  :  8  : 
thin  yellow  prisms,  melts  at  243^-244°,  and  sublimes  inlJong  white  needles  at  a  somevliat 
higher  temperature.  It  dissolves  sparingly  in  chloroform  and  water,  easily  in  alcohol 
and  ether.  The  aqueous  solution  is  coloured  yellow  by  soda,  and  brick-red  by  fSmie 
chloride.  It  decomposes  carbonates  with  effervescence,  and  combines  with  add  sodim 
sulphite.  Its  calcium  salt,  submitted  to  dry  distillation,  yields  salicylic  aldehydi^ 
and  a  small  quantity  of  phenol,  showing  that  the  aldehyde  residue  and  the  hjdxoigfl- 
group  occupy  the  same  positions  as  in  salicylic  aldehyde. 

Blozybenxolc  Acids,  G'H«0«  =  C^'(OH)<.COOH.    Of  the  nz  ponble 

acids  of  this  group,  four  are  known,  viz.  oxysalicylic  acid,  protocatechnic  add,  sal 
two  acids  formed  by  the  action  of  melting  potasn  on  the  corresponding  disokiho- 
benzoic  acids  (p.  297).  The  constitution  of  the  last  three  of  these  adcb  haeDMB 
discussed  in  2nd  SuppL  p.  432 ;  that  of  oxysalicylic  acid  is  determined  by  its  fbmiatioa 
from  iodosalicylic  acid.  The  followingjs  a  comparative  view  of  the  origin,  constitntidB, 
and  characteristic  properties  of  those  four  acids : — 
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F<»ibu1a 

Oiigin 

K.P. 

BeMstianwlth 

Diozjbensoic 

add  1:2:8 

or  1  :  8  :  6 

Dioxybensoic 
acid  1:2:4 

l^tocatechmc 
acid  (1:8:  4) 

Oxjsalicylic 
acid  (1:2:  5) 

From  corr.  disolphobensoic  add 

Proiii(l  :  2  :  4)C«H«(S0^«.00«H 
and  (1  :  2  ;  4)  0«H»(SO»H)«.CH» 

From  iodo-j^K>z7beii2oic  acid,  &e. 
From  iodosalicylic  add 

222® 

• 

148*>  (hyd.) 
194<>  (anhyd.) 

199<» 
lOe^'-lQ?** 

Not  coloured 

Dark  roee-red 

Green,  changed 
bydUuteNa<CO* 
to  blue,  then  red 

Deep  blue, 
changed  to  red, 
then  brown  by 
NH»  or  Na«CO» 

OxyMUejUe  or  Xydroqialnone-earbonle  Aoid«  C.CO'H.OH.H.H.OH.H. 
ThiB  add,  piepared  by  Aising  bromo-  or  iodosalicylic  acid  with  potash,  melts,  accord- 
ing to  Bakowski  a.  Lepoert  (Deut,  Chem.  Gea,  Ber.  viii.  788,  976)  at  196^-197^ 
This  agrees  nearly  with  tne  statement  of  Lantemann,  who  fonnd  ^e  add  to  melt  at 
198<>  (it.  320).  According  to  Demole  (ibid,  vii.  1485)  it  melts  at  188^  Heated  in  a 
mlphniic  add  bath  to  216^,  it  yields  a  sublimate  of  pure  hydroquinone  (showing  that 
its  two  HO-groups  are  in  the  para-podtion),  but  when  it  is  heated  in  a  retort  07er  an 
opeD.  fire,  the  hydroquinone  is  accompanied  by  a  small  quantity  of  pyrocatechin. 
Heated  with  weak  oxidising  agents  it  yields  a  crystallisaUe  add  (quinone-carbonio 
•eid?)  which  may  be  extracted  with  ether,  and  is  instantly  decolorised  by  reducing  agents. 

Vrotoottta^tnie  Aoid,  O.CO'HJE.OH.OH.H.H.  This  acid  is  formed :  a.  From 
potasdum  cresyslsulphonate  (iL  108),  by  fndon  with  potash  (Biedermann,  2kui.  Ckem. 
Gm.  Ber.  yi.  325).  /3.  In  likio  manner  from,  ranillin  (Tiemasn  a.  Haarmann,  f6u2.  TiL 
608)  ;  and  y.  from  hydzopiperic  add,  O^m^H)*  (Patern6  a.  lUeti,  ibid.  81). 

Oil  the  preparation  of  Proioeatechme  aoidfrom  KinOt  and  tie  resolution  by  Bromine 
into  CO*  and  Tetrabromopyrocatechin,  see  2nd  Suppl.  1023. 

By  heating  it  to  100°  with  a  saturated  solution  of  chlorine  in  carbon  tetrachloride, 
Stanhouse  obtained  a  chlorinated  compound,  which,  after  crystallisation  from  carbon 
■iilphide,  formed  colourless  needles  {Cnetn.  News,  xxix.  95). 

Methyl'protoeateehuio  aeid,  0>HK)«-0*H>(OH)(OOH*XGOOH).~Of  this 
add  two  modifications  are  known,  one  cf  which  ia  identiod  with  ranillie  acid; 
the  other  may  be  called  isoTanillic  add. 

a.  Vanillic  add,  (CO*H  :  OGH* :  0H>1 :  8  :  4),  is  produced:  (1).  In  small 
quantity  from  eontflm  ^its  aldehyde)  by  the  action  of  yarious  oxidising  agents,  most 
readily  by  exposing  moist  and  finely  pulyerised  yaniUin  to  the  air.  (2).  It  is  more 
eaaily  prepared  by  mixing  a  warm  solution  of  ooniferin,  C^'H^O*  (y.  1201),  in  80-40 
pta.  water  with  a  solution  of  2  to  8  pts.  ^tasdum  permanganate  in  CO  to  90  pts. 
water,  filtering  or  straining  from  the  predpitated  hydrate  of  manganese  dioxide, 
addulating  with  sulphuric  add.  wanning  the  liquid  for  a  short  time  to  60^-75°,  and 
then  shaking  it  with  ether.  

(3).  From  Euyenol,  0*H*(OH)(OGH*)0"H*.— Acetyl-engenol,  subjected  to  the 
acdon  of  oxidising  agents  in  a  slightly  add  solution,  yields  a  large  quantity  of 
acetoyanillic  add,  together  with  a  amaller  quantity  of  acetoyanillin : 

C«H«(0(?H»OXOCH»XC«H»)  +  O*  -  C«H»(OC«HH)XOCH»)(CO»H)  +  200«  +  2H«0 
▲oeiyl-«agenoL  Aceto-yBoillio  aola. 

and  these  bodies  heated  with  potash  yidd  respectiyely  yanillic  add  and  yanillin 
(Tiemann,  Deut.  Chem.  Oes.  Ber.  ix.  62). 

Vanillic  acid  crystallises  from  ether  as  a  laminar  mass  of  pure  white  colour.  It 
dissolyes  yery  easily  in  alcohol,  less  readily  in  ether,  sparingly  m  cold,  more  fredy  in 
hot  water,  from  which  it  separates  on  cooling  in  white  translucent  needles.  It 
smells  like  vanilla,  especially  when  heated;  melts  at  211^-212°  (uncorr.),  and 
sublimes  without  decompodtion.  It  gives  no  reaction  with  ferric  chloride.  By 
heating  to  100^-150°  with  hydrochloric  add,  it  is  resolved  into  protocatechuio  acid 
and  methyl  chloride ;  yidda  protocatechuie  acid  also  when  fused  with  potadL  By 
heating  it  tol 40°  for  several  hours  with  2  mola.  CH'I  and  2  mola.  KOH,  and  saponify- 
ing the  resulting  ether,  dimethylprotocatechuic  acid  is  obtained,  mdting  at 
174°  (uncorr.)  (Tiemann,  ibid.  viii.  609  and  1123). 
2rd  Sup.  U 
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Chleinm  yanillate  distilled  with  calcinm  hydrate  yields  pure  gnaiaeol : 

C«H»(OHXOCH»XCO«H)  -  CO*  +  0«H*(OH)(OOH^ 
Vaaillio  add.  GtudaooL 

AoetavaniUio  aeid,  G'«H**0> » 0*H*(00*H>0)(OCH*XCO>H),  is  obtained  by  jbo- 
longed  digestion  of  yanillic  acid  with  acetic  anhydride  at  100^,  and  precipitatioii  with 
water.  It  is  sparingly  soluble  in  hot  water,  easily  in  alcohol  and  ethor,  aod 
crystallises  most  readily  from  dilute  alcohol  in  slender  colourless  needles,  meltiog 
at  142^  (unoorr,)  By  boiling  with  potash,  it  is  resolved  into  Tsnillic  and  aostie 
acids  (Tiemann  a.  Nagajosi  Nagai,  Dmt,  Chem,  Ots,  Ber.  yiii.  1142). 

>00H» 

NUraegtovaaUUoacid,  0*HYNOn^C*H*0,  is  formed  by  the  action  of  nitrie  add 

\COOH 
on  acetovanillic  acid.    It  crystallises  in  colourless  needles,  which  melt  at  181^-182® 
with  partial  decomposition. 

yOCE* 

NiirovamUia  acid,  0>H*(NO*^-OH     .—This  body  cannot    be  obtained  by  ths 

\COOH 
direct  action  of  nitric  acid  on  vanillic  acid.    It  is  formed,  together  with  sodiva 
acetate,  by  heating  the  preceding  compound  with  dilute  soda-ley.    It  forms  white 
glistening  needles,  which  decompose  without  melting  at  21 0^.    Its  sotKum^iait  ciyrtil- 
Uses  in  yellow  needles  (Tiemann  a.  Hatsmoto,  ibid.  iz.  937). 

/3.  Isovanillic  acid  (CO'H  :  OH  :  0CH*»1  :  3  :  4)  is  formed  by  heatingpn). 
tocatechuio  acid  with  potash  and  methyl  iodide ;  also  by  heetinff  hemipinic  add  to  100^ 
with  strong  hydrochloric  add ;  and,  together  with  yanillic  add,  by  digesting  dimetbrl. 
protocatechuic  add  for  several  hours  at  140^  with  very  dilute  hydrochloric  add.  Iije 
two  acids  may  be  separated  by  crystallisation  from  hot  watisr,  vanillic  add  bdif 
much  the  more  soluble  of  the  two.    Isovanillic  add  melts  at  250^  (Tiemann). 

Dimethplprotooatechuio  acid,  0"Hi«0«»0>H*(0CH')*.C0*H.— This  aefa^ 
oriffiiially  obtained  by  heating  protocatechuic  add  (1  pt)  with  methyl  iodide  (4p(i,) 
and  potasdum  hydrate  (1  pt.)  dissolved  in  methyl  alcohol  {2nd  Supfl.  4811  b  alio 
produced  by  the  ozididng  action  of  potasdum  permanganate :  a.  Chi  methji-cMaal 
(trimethyl-pyrocatechin) : 

C?H»«0«  +  0"  «  C»H»H)«  +  H«0 
/3.  On  methyl-eugenol : 

C«H«(OCH»)«((?H»)  +  0"  -  C«H«(O0H«)«.CO«H  +  200*  +  2H«0 

(Tiemann  a.  Mendelsohn,  Dnc^.  Chem.  Ges.  £sr.  viii.  1186;  Tiemann  a.  Matsmola^ 
tM.  iz.  937). 

NUrodimethylfmftoeateehuie  acid,  O^B\JSO*){OCB*)K)OOB^U  obtained  hjjnm- 
ing  dry  dimethylprotooatechuio  add  with  nitric  add  of  sp.  gr.  1*25  till  thefintvioktt 
action  is  over.  On  addition  of  water,  a  yellow  fiooculent  mass  is  thrown  down,  fnm 
which  the  acid  is  extracted  b^  ammonia,  indifferent  products  remaining  uttdissolvei 
The  add,  when  pure,  crystallises  in  yellow  needles  containing  ^  moL  of  water,  etiily 
soluble  in  alcohol,  ether,  and  hot  water.  The  ammonium  taU,  C'H'(NH*)NOF. 
crystallises  in  pale-yellow  nt*edles,  easily  soluble  in  water  and  sparingly  in  sImImL 
It  loses  ammonia  at  100^.  The  tUver  salt,  O'H'AgNO',  is  a  pale-yellow  precipitate 
which  dissolves  in  boiling  water  and  crystallises  in  fine  pale-yellow  needles.  It  ii 
stable  and  does  not  blacken  in  the  light.  Tht  eth/l  oompoind,  Cm\C^^ySQ^,'n 
formed  by  saturating  with  dry  hydrogen  chloride  a  solution  of  the  add  in  absoltta 
alcohol,  distilling  off  excess  of  alcohol,  and  adding  water,  when  the  ethyl-compoiad  ii 
thrown  down  as  a  yellow  oil,  which  afterwi^ds  soUdifles.  It  eryBtallises  from 
weak  spirit  in  nacreous  flat  prisms,  which  melt  at  99^-100°  and  dissolve  in  akohol 
and  ether. 

When  a  solution  of  nitrodimethylprotocatechuic  acid  in  hot  water  is  treated  vith 
tin  and  hydrochloric  acid,  the  liquid,  on  cooling,  deposits  crystals  of  a  douUe-iilt  of 
st€mnou8  chloride  and  amidodimeihylprotocatechiio  hydrochloride : 

yOOE* 
0"H«(NH«)eOCH».HCl  +  SnCl«. 
\COOH 

Amongst  the  indifferent  bodies  formed  by  the  action  of  nitric  add  on  diitfcjl 
protocatechuic  add  are  the  following,  which  have  been  isolated  and  analysed :~ 

1.  Mononiirodimethylpyroeateehin,  C*H*(NO')(OGH^,  crystalliaet  in  fine  jvlkv 
needles,  which  melt  at  96^-96^,  and  dissolve  sparingly  in  water,  eadly  in  alobhol  iid 
ether. 

2.  IHmtrodmethylpyrocatechin,  0>H(NO')\OCH*)',  crystallises  in  white  g^istn- 
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iBff  prifms,  whidi  malt  at  144^-146*',  and  diaaolTo  in  hot  alcohol  and  ether  (Tieniann 
a.  Matsmoto). 

Yeratric  acid,  a  constituent  of  sabadiUa  seeda  (y.  996),  is  identical  with  di- 
methylprotocatechuic  or  meth^lyanillic  acid,  inasmuch  as  it  is  conrerted  by  fusion  with 
potash  into  protocatechuic  acid,  and  when  heated  with  hjdriodic  acid  to  150^-160°  it 
jielda  methyl  iodide  and  protocatechuic  acid,  together  with  a  small  quantity  of 
another  acid,  which,  when  again  heated  with  hydriodic  add  to  170^,  yields  CH'I, 
00^  and  pyrocatechin. 

By  treating  protocatechuic  add  (from  oil  of  doyes)  with  sodium  methylate  and 
methyl  iodide,  the  methylic  ether  of  dimethylprotocatechuic  acid,  C*H^0GH")^C0K;H', 
is  obtained  in  colourless  needles  melting  at  58°,  and  haying  a  pleasant  but  faint 
azomadc  odour.  On  saponifying  this  ether  witi^  potash-ley,  and  adding  hydrochloric 
acid,  dimethylprotocatechuic  acid  is  obtained  in  needles  melting  at  179'5'',  and 
exhibiting  all  the  properties  of  yeratric  add  (Koemer,  Gazz.  ckim,  itoL  yi.  142). 

MethyUthylprotooateehuio  aeid,  G*H*(OCH>XOC^*).CO*H,  also  called 
gtJkmuihoxybeiuwio  add,  is  formed  by  oxidation  of  ethyl-eugenol, 
C»H^OCri»XOO*H»^C*H»,  with  ordinary  chromic  add  mixture,  or  better,  by  treating 
a  solution  of  ethyl-eugenol  in  glacial  acetic  add  with  potasdum  dichromate.  It 
ciyitalliseB  in  colourless  needles,  easily  soluble  in  ether,  alcohol,  and  solutions  of 
eaustic  alkalis  or  alkaline  carbonates ;  melts  at  190°.  Heated  to  120°- 130°  in  a 
naled  tube  with  hydriodic  add,  it  yields  ethyl  and  methyl  iodides,  together  with 
protocatechuic  add: 

■ 

(Wasseanann,  Liebi^a  AnnaUn,  dxxix.  866). 

M^ikeneprotoeateehuio  aeid,  CH'^q^OH' — OCH,  produced  by  heating 

protocatechuic  add  with  methene  iodide  and  potassium  hydrate,  is  identical  with 
meronylic  add,  which  is  formed,  together  with  its  aldehyde,  piperonal,  by  oxidation 
01  piperic  add.  Ethene-protocatschuie  acid  is  obtained  m  like  manner  by  heating 
pxotocatechuic  add  with  potash  and  ethene  bromide  {2nd  Suppl.  982,  1024). 

Aldekydovanillie  aeid,  0»H»0*  -  C»H«(OH)(OCH«)(CO«HXCX)H)  rTiemann 
a.  Mendelaohn,  Dmt,  Chem,  Q$$.  Ber.  x.  1278). — ^This  acid  is  formed,  togetner  with 
yaidUin  (methylprotocatechuic  aldehyde),  by  the  action  of  chloroform  and  a  caustic 
alkali  on  ywiidie  add : 

OiHXONa)(OOH»XCX)«Na)  +  4NaOH  +  OHCl*  -  C«H«(ONaKOCH»XOOH) 
Sodium  Tsnilliite.  Sodinm-TSBUUn. 

+   8Naa  +  NaHX)«  +   2H«0 

0«H^ONaXOOH»XOO«Na)  +  SNaOH  +  CH01«  -  C«H«(ONaXOCH«)(00«NaXCX)H) 
Bodiam  TwrfHstit  Bodinm-sldehydonuiiUste. 

+  8NaCl  +  2H«0 

Tuiillie  acid  (1  moL)  is  boiled  for  fiye  or  dx  hours,  in  a  flask  fitted  with  a  reflux 
ooDdenBer,  with  sodium  hydrate  (6  mols.)  dissolved  in  twice  its  weight  of  water,  and 
ddocofann  (1  moL) ;  the  product  is  dissolved  in  6-8  parts  of  water,  and  the  solution 
it  stiongly  addulated  with  sulphuric  acid,  whereby  a  sparingly  soluble  compound  is 
meeipitated,  which,  after  stanoin^^  for  a  few  hours,  may  be  separated  by  nitration. 
Ilionltered  solution  contains  yanillin,  which  may  be  separated  oy  combination  with 
add  sodium  sulphite ;  and  the  sparingly  soluble  substance  contains  the  aldehydo- 
yanillic  add,  which  may  also  be  extracted  by  ether,  and  separated  from  the  ethereal 
■olntion  by  agitation  with  an  aqueous  solution  of  acid  sodium  sulphite. 

"From  the  solution  thus  obtained  the  aldehydoyanillic  add  may  be  extracted  by 
ether  after  the  add  sodium  sulphite  has  been  decomposed  by  sulphuric  add ;  and  on 
HiarilliTig  off  the  ether,  the  aldenydo-acid  remains  as  a  hard  yellow  crystalline  mass 
whidi,  after  seyeral  reciystaUisations  from  boiling  water,  may  be  obtained  in  slender 
needles,  haying  a  faint  ydlow  colour  and  sill^  lustre,  and  melting  at  221°-222° 
(uncoEr.)  It  dissolyes  easily  in  alcohol  and  ether,  very  sparingly  in  cold,  somewhat 
more  readily  in  boOing  water.  It  decomposes  sodium  carbonate  with  efferyescence, 
sal  unites  with  acid  sodium  sulphite,  exhibiting  therefore  the  properties  both  of  an 
add  and  of  an  aldehyde. 

The  podtion  of  the  aldehyde-group  COH  in  this  acid  is  determined  by  the  follow- 
ine  oondderations.  When  paraoxybensoic  add  is  treated  with  chloroform  and 
sodium  hydrate,  the  COH  goes  into  the  ortho-podtion  with  respect  to  the  OH ;  and 
as-yanillic  acid  is  a  deriyative  of  paraoxybenxoic  add,  in  which  the  OH-group  still 
<WCTpif>ff  the  paia-podtion  with  respect  to  the  carboxyl,  it  may  be  expected  that  the 
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action  of  chloiofbrm  and  NaOH  on  this  acid  will  siTO  rise  to  an  aldehTdo-dariTatiTe.  n 
which  the  COH-gronp  is  likewise  contigaons  to  we  OH,  thns — 


GEL  OH 

Aldetaydopsraoxy-  JUdetaydo- 

Lenioio  «dd  Tanllllo  scfd 

1:4:«  1:8:4:6 


In  aooozdance  with  this  view  it  is  fbnnd  that  aldehydovaniUic  add  dissolYes  in  aodft- 
ley  with  a  deep  yellow  colonr,  and  its  aqneous  solution  giyes  a  distinct  reddirii-Tiolet 
coloration  witk  ferric  chloride,  both  which  reactions  are  likewise  exhibited  bf 
salicylic  aldehyde. 

Aldehy  dodimethylprotooatechuio  aeidt 

C"H>H)*  »  Cra«(OOH»)«(CO«HXOOH). 

This  is  the  composition  of  opianic  acid,  which  is  produced,  together  with  hwipipime 
(dimethyl-phthalie^  add,  by  oxidation  of  narootine  with  DibiO'  and  dilute  solpmnie 
add,  or  with  nitnc  acid.  The  dimethylated  acid  formed  b^  direct  substitotion  of 
methyl  in  aldeh^doTanillic  acid  has,  however,  not  yet  been  obtained ;  uul  it  would  pro- 
bably be  isomeric,  not  identical  with  opianic  add,  inasmuch  as  it  would  yield,  l^  sepaxa- 
tion  ofCO^H,  a  methyl-Tanillinhaving  the  constitution  COH  :  OCH"  :  0GH"b1  :  2  :  3, 
whereas  it  appears  from  the  obserrations  of  Beckett  a.  Wright  {Chem.  8oe,  Jowr.  1876, 
i.  281)  that  opianic  add,  when  decomposed  by  distillation,  yields  a  methyl-vaniOhi 
having  the  constitution  GOH  :  OCH* :  00H*»  1:8:4,  analogous  to  protoeateehme 
add  (Tiemann  a.  Mendelsohn). 

TriozTbensole  Aold«  G>H<(OH)^.CO^  The  only  known  modification  of  this 
add  isgallicacid,  which  may  bo  produced  artificially,  by  substitution  of  OH  for  Br, 
£h)m  the  monobrominated  derivative  either  of  diozybenzoic  add,  GO'H  :  OH  :  0H«> 
1:2:4  (p.  289),  or  of  protocatechuic  acid  1:8:4  (Barth  a.  Senhofer,  DM. 
Chiem,  Ge$,  Ber.  viii.  1484).  The  position  of  the  bromine-atom  in  these  two  dioxy- 
adds  is  not  exactly  known,  but  each  of  them  may  give  rise  to  three  monobromo- 
derivatives,  from  which,  by  substitution  of  OH  for  Br  (ftuion  with  KHO),  the  fbUov- 
ing  trioxylbenzoic  adds  may  be  formed : 

From  1:2:4  diozybensolo  add  From  1:8:4  dlozybaDsolo  aold : 


00^  :  OH  :  OH  :  OH 
12       8       4 
12      4      6 
12       4       6 


GO'H :  OH :  OH :  OH 

12      8      4 

18      4      6 

18      4      6 

or  1        2      4      6 


The  only  forms  oommon  to  both  these  series  axe  1:2:8:4  and  1:2:4:6, 
of  which  must  therefore  represent  the  constitution  of  gallic  acid ;  and  this  inferenoe  is 
corroborated  by  the  fiict  that  gallic  add  may  also  be  formed  dther  from  di-iodotalieylic 
or  from  di-iodoparoxybenzoic  add  (Barth  a.  Senhofer,  loo,  eit,) ;  but  at  present  we 
have  no  means  of  determining  by  which  of  the  two  formulsB  its  constitution  is  aetoslly 
represented,  but  the  1  :  2  :  4  :  6  is  the  more  probable. 

When  a  solution  of  gallic  add  in  glycerin  is  diluted  with  an  equal  Tolome  of 
water,  the  gallic  add  crystaUises  out  after  some  time  (S.  Gale,  Pharm,  J,  TVums,  [8], 
iv.  441). 

A  solution  of  gallic  add  mixed  with  slightly  alkaline  potasdumor  sodium  anmiti, 
absorbs  oxysen  from  the  air,  and  acquires  a  deep  green  colour  (perceptible  in  mIu- 
tions  diluted  to  1  in  20,000).  Dilute  adds  change  the  colour  to  purple-red ;  ooneen- 
trated  adds  to  pale  yellow ;  alkalis  reconvert  the  former  tint,  but  not  the  latter,  into 
green.  Ozididng  agents,  for  the  most  part,  turn  the  liquid  brown ;  reducing  agents 
decolorise  it.  Gallotannic  add  does  not  give  this  reaction ;  the  presence  of  pyrQgaUiB 
acid  prevents  it  (Procter,  Ckem.  8oc,  Jour,  [2],  xii.  509). 

Cfallic  add  heated  to  100^  with  excess  of  bromine^  is  converted,  with  evolutiQii  of 
carbon  dioxide,  into  tribromopyrogallol.  Tannin  heated  with  commflieial  vn- 
dried  bromine  also  yields  tribromopyrogallol,  a  result  whidh  corroborates  SehifTs 
view(2iMl  Suppl,  1143)  that  tannin  is  an  anhydride  of  digallic  acid  (Stenhouse, 
Liebi^s  Annalen^  clxxvii.  189) 


BENZOIC  ACID   (SULPHO-).  293 

Gallie  acid  treated  in  aqueous  solution  with  potassium  chlorate  and  hydrochloric 
meid,  is  conyerted,  with  yiolent  evolution  of  carbon  dioxide,  into  isotrichloro- 
glyceric  acid,  C^EHjl*0*  (Schroder,  IMi^s  AnnaUn,  clxxni.  282);  see  Gltcsbio 


Cond&iuoHon'prodiiei  qf  GaUie  aeid, — ^A  saturated  solution  of  gallic  acid  in  cold 
water  acidified  with  sulphuric  acid  and  treated  with  crystallised  potassium  permanganate, 
yields  a  body  having  the  composition  C^^H^'O*.  This  compound  is  yellow  and  crrstal- 
Une,  dissolyes  Tery  sparingly  m  water  (which,  however,  it  colours  distinctly  yellow), 
and  is  easily  soluble  m  alconol  and  ether.  It  may  be  heated  to  180^  without  altera- 
tion ;  when  strongljr  heated  it  carbonises,  giving  a  slight  sublimate  of  yellow  needles. 
Dilute  sulphuric  acid  does  not  affect  it  on  boiling,  but  the  strong  acid  dissolves  it, 
forming  a  solution  fifom  which  it  is  thrown  down,  apparently  unaltered,  by  water. 
Potash  added  to  water  in  which  the  substance  is  saspended  dissolves  it  instantly,  with 
fine  green  colour,  changing  rapidly  to  blue,  and  ultimately  to  yellow.  The  potassium 
compound,  formed  by  adding  potassium  acetate  to  the  alcoholic  solution,  is  a  red- 
brown,  gelatinous  precipitate ;  after  washing  with  alcohol  and  drying  under  the  air- 
pump,  it  dissolves  m  water,  forming  a  yelbw  solution,  which  is  not  affected  by  Agita- 
tion with  air,  but  on  adding  a  drop  of  dilute  potash-solution,  the  colour  changes  to 
green,  blue,  and  yellow,  as  before. 

The  compound  C'^H'K)*  may  be  regarded  as  a  condensation-product  of  gallic  acid 
containing  2  atoms  of  hydrozyl  less  than  2  mols.  of  gallic  acid,  and  2  atoms  of 
hydrogen  more  than  rufigallic  acid : 

GeOto  adid  (S  mols.)  New  compouid. 

0»H«(OH)»  I  ^~o^  j  C«HXOH)* 
Buflgelllo  add. 

(Oser  a.  Flogl,  Wim  Akad,  Ber.  [2  Abth.]  Ixzii.  166). 

•vlpbobenxole  Aoid«C*H«SO*»0«H«|gQ^(Bemsen,  LUbi^s  Annaim, 

dzxviii.  275). — Ordinary  sulphobensoic  acid,  prepared  by  treating  benzoic  add  with 
■ulphurie  anhydride,  has  been  previously  shown  by  Bemsen  to  be  a  mixture  of  the 
fnet^  and  para-modifications,  inasmuch  as  when  fused  with  potash  it  yields  a  mix- 
ture of  meta-  and  paraoxybenzoic  acids  {2nd  Suppl.  1118).  Further  experiments 
by  the  same  chemist  have  shown  the  proportions  of  the  two  sulpho-acids  to  vary 
considerably  in  different  preparations,  the  meta-modifieation  however  generally 
predominating.  The  circumstances  which  determine  the  formation  of  one  or  the 
other  have  not  been  very  distinctly  made  out;  the  temperature  of  the  reaction 
does  not  appear  to  have  much  iiAuence  on  the  result  In  one  experiment  in 
which  the  semi-fluid  mass  obtained  by  the  action  of  sulphuric  anhydride  on  benzoic 
acid  was  gently  heated  with  a  little  fuming  sulphuric  acid  till  the  whole  was  dis- 
solved, the  product  was  found  to  consist  chiefly  of  para-sulphobenzoic  acid,  as  on 
f^on  with  potassium  hydrate  it  yielded  a  salt  which  crystallised  from  water  in  well- 
defined  crystals  having  the  form  and  composition  of  potassium  paraoxybenzoate. 
Now  the  potassium  salt  of  pure  metasulphobenzoio  acid  is  not  converted  into  para- 
mlphobenzoate  by  fiision  with  potassium  hydrate,  the  sole  product  of  this  reaction 
being  metaoxrbenzoic  acid ;  consequently  the  parasulphobenzoic  acid  must  have  been 
formed  directly,  together  with  the  meta-acid,  by  the  action  of  fuming  sulphuric  acid 
on  benzoic  add. 

When  the  para-modification  is  present  in  considerable  proportion,  the  separation 
of  the  two  sulphobenzoic  acids  may  be  partially  effected  by  convernon  into  barium 
salts.  The  acid  liquid  is  neutralised  with  barium  carbonate,  and  the  excess  of  barium 
lemoTed  bv  sulphuric  add.  The  dear  filtered  solution  is  then  divided  into  two  equal 
parts,  the  bi^um  of  the  one  portion  exactly  precipitated  with  sulphuric  add,  and  the 
two  dear  solutions  mixed  and  evaporated  to  the  crystallising  point.  The  Uquid  on 
cooling  deposits  long,  fiat,  needle-shaped  crystals  of  add  banum  parasulphobenzoate, 
(CH'SO^j'Ba+SHH),  and  the  mother-liquor  when  further  evaporated  yields  an 
additional  quantity  of  these  ciystals,  together  with  prisms,  apparently  monodinic,  of 
the  metasulphobenzoate.  When,  however,  the  proportion  of  parasulphobenzdc  add 
in  the  original  product  is  but  small,  the  sepan»on  cannot  be  effected  in  this  way 
(Bemsen,  Liebi^s  Jnnalen,  dxxviii.  276). 

YvMolpHobeiiaoie  Aold,  0*.GO*H.H.H.SO*HJS.H  (Bemsen,  loo.  ci^.)— This 
acid  may  be  prepared  by  oxidation  of  paratoluenesulphonic  add.  25  grams  of  toluene 
are  dissolved  without  external  heating  in  200  grains  of  fomiuff  sulimuric  add ;  the 
Bolution  after  cooling  is  mixed  with  2  volumes  of  water,  and  the  ne^^l  oi\)i\!^\i<(^\<^v^ 
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the  yessel  is  noted ;  more  water  is  then  added,  and  the  whole  distilled  tili  tbs  liquid 
is  reduced  to  its  original  yolnme;  by  this  means  the  nnattacked  toluene  is  satMWtsd 
from  the  solution  of  the  sulpho-acid  or  acids.  The  solution  is  then  left  to  oool,  and 
160  grams  of  coarsely  pounded  potassium  dichromate  are  gradu^y  added,  the  flask 
being  heated  in  a  water-bath  tiU  a  brisk  frothing  is  set  up,  and  then  remoTad. 

When  the  evolution  of  carbonic  anhydride  ceases,  indicating  that  the  zwet' 
complete,  the  solution  is  diluted  with  a  luge  quantity  of  water  and  neutxalised 
chauc,  whereby  the  chromic  oxide  formed  in  the  reaction,  and  tibe  sulphuzie  adi 
precipitated,  while  the  potassium  salts  of  the  sulpho-acid  or  adds  remain  in  solntiflii 
together  with  a  little  neutral  potassium  chromate.  The  chromic  acid  is  next  pcac^- 
tated  by  the  requisite  quantity  of  baryta-water,  the  filtered  liquid  evaporated  nearij 
to  dryness,  the  remaining  white  mass  neutralised  with  sulphuric  add,  and  a  ftaitlwr 
quantity  of  that  acid  added  just  sufficient  to  set  the  sulphobencoie  add  free.  Modante^ 
strong  alcohol  is  then  added  to  precipitate  the  potassium  sulphate,  the  soLntion  bsiag 
several  times  evaporated  and  the  residue  washed  with  alcohol  till  the  whole  of  that  ssli 
is  removed,  and  finally  the  alcoholic  solution  is  boiled  and  evaporated  over  the  ^ntsr- 
bath.  The  sulpho-add  thus  obtained  is  dissolved  in  water,  and  the  solution  divided 
into  two  equal  parts,  one  of  which  is  neutralised  with  barium  carbonate^  wfaarel^, 
after  filtration  and  evaporation,  the  add  barium  salt  of  parasulphobenide  add  u 
obtained  in  its  characteristic  form. 

The  crude  toluenesulphonio  add  used  for  the  preparation  above  described  contdnei 
ortho-  as  well  as  para-toluenesulphonic  add ;  but  the  product  of  its  ozidatiaa  wu 
not  found  to  contain  any  orthosulphobenzdc  acid. 

Farasulphobenzoic  acid,  separated  firom  the  barium  salt  by  exact  predpitataoa 
with  sulphuric  add  and  evaporation  of  the  filtrate,  is  very  easily  soluble  in  water, 
and  crystallises  from  very  st3X>ng  solutions  in  colourless,  transparent,  non-deliquesoeBt 
needles  (the  meta-acid  is  deliquescent).  It  melts  at  200^,  but  begins  to  decompose 
before  the  melting  point  is  attained. 

PotasMum  para9ulphobengo(Ue,  obtained  from  the  barium  salt  by  predpitation  with 
potassium  carbonate,  is  extremely  soluble  in  water,  but  ultimatdy  ezystallises  ia 

well-defined  transparent  needles.  The  acid  sodUm  gait,  O'H^  j^^^  •«-  S^HK),  ob- 
tained by  precipitating  the  barium  salt  with  sodium  carbonate,  and  addition  of  hydxo- 
chloric  acid  to  the  filtered  solution,  forms  stellate  groups  of  long  colourless  shining 
prisms.  It  is  moderatdy  soluble  in  cold,  more  eadly  in  hot  water.  Theeonespond^ 
ing  metasalt  is  less  soluble,  and  ciystallises  in  laminae.  The  para-mlt  does  not  giw 
off  its  water  of  crystallisation  bdow  310^.  All  the  other  parasulphobensoates,  and 
likewise  the  meta-salts,  exhibit  the  same  property,  though  not  in  the  same  degree. 

The  neutral  barium  salt,  (TH^O^Ba  +  2HK),  obtained  by  neutralising  the  add 
salt  with  barium  carbonate,  is  moderately  soluble  in  cold,  vezy  easiljr  in  hot  water, 
and  crystallises  in  nodular  groups  of  small  needles.  The  corresponding  meta-mJtt  u 
easily  soluble,  but  is  said  not  to  contain  water  of  crystallisation,  The  acid  banmm 
salt,  (CH*SO*)«Ba  +  3HK),  prepared  as  above  described,  is  veir  sparingly  soluble  in 
cold  water,  and  less  soluble  in  not  water  than  the  meta-salt.  Like  the  l&tter  it  does 
not  gi?e  up  the  whole  of  its  water  below  200°,  and  may  be  heated  to  a  much  hi^ur 
temperature  without  decomposing.  The  calcium  salt  is  an  amorphous  powder,  mors 
soluble  in  cold  than  in  hot  water,  and  therefore  predpitated  when  its  concentrated 
solution  is  boiled. 

When  the  potassium  salt  of  parasnlphobenzoic  add  is  heated  with  sodium  focmats^ 
terephthalie  add  is  produced,  together  with  small  quantities  of  bensoie  add,  aod 
apparently  also  thiohydrobenzoic  acid,  but  not  a  trace  of  phthalio  or  isophthalie  add 
(Kemsen,  he.  cit,) 

Nitroparasulphoheneoic  acid,  ^^^(NO^  j  qqxh>  ^  fanned  by  the  action 

of  a  mixture  of  fuming  nitric  and  sulphuric  acids  on  parasulphobensoic  add  {v^ta)  at 
the  boiling  heat  The  solution,  freed  from  nitric  acid  by  evaporation,  then  diluted 
with  water  and  neutralised  with  barium  carbonate,  yields  a  salt  which  enrstaliiaes  in 
concentric  groups  of  long,  shining,  golden-yellow  needles,  moderately  soluble  in  hiot» 
less  soluble  in  cold,  water,  and  having  the  composition  of  neutral  biirium  nitzopam- 

sulphobenzoate,  C«H«(NO*)|^^;^Ba  +   liHK). 

The  corresponding  salt  of  nitrometasulphobenEoic  acid  (v.  487)  is  easily  soluUsb 
and  crystallises  with  1}  and  3  mols.  water^ 

Parasulphobengamic  acid,  (rH»NSO*-C«flV:^*Q^(RemBen,  loe. 

OH*        * 
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gniM  of  the  amide  ere  edded  to  a  mixture  uf  20  gnma  of  potassium  dichromate  and 
iO  grams  of  strong  sulphuric  acid  diluted  with  3  vols,  water,  and  left  to  cool,  and  the 
liqinid  is  heated  over  a  small  gas  flame  till  the  product  of  the  oxidation  has  com- 
pletelj  separated ;  the  liquid  after  cooling  is  filtered,  and  the  solid  product  washed 
with  Qold  water.  The  sulphobenzamic  acid  is  thus  obtained  in  fine  crystali,  which 
maj  be  completely  purified  bjr  once  recrystallising  them  firom  water. 

ParasulpoobeiuBamic  acid  is  neariy  insoluble  in  cold,  only  slightly  soluble  in  hot 
water,  and  czystallisea  from  the  atnieous  solutioo  in  flat,  higmy  lustrous  prisms, 
■ometimee  more  than  an  inch  long.  It  dissolves  easily  in  alcohol,  and  separates  from 
the  solution  in  smaller  crystals.  From  the  alcoholic  sdntion,  either  hot  or  cold,  it  is 
precipitated  by  water  in  the  crystalline  state.  It  melts  at  a  yery  high  temperature, 
out  decomposes  before  the  melting  point  is  attained  (Remsen,  lAebifa  JnnaUn, 
efaoETiii.  299\. 

Metaenlphobeniamic  acid,  0*.S0*H.H.80'NH*.H*,  obtained  bj  heating  aolpho- 
bemamide  or  ammonium  sulphobenzoate  with  potash,  crystallises  in  needles  or  rhom- 
bohedrons  melting  at  200^  (v.  486). 

GO  ONH*  obtained  by  dissolTing  the  acid 

,    „    --    -  „  sminsB,  very  soluble  in  water,  and  easily 

fbiming  supersaturated  solutions  which  solidify  on  agitation,  fte.    The  metasulpho- 

bensamate  oystallisee  in  laminsB.  

BarMimjMrani/;>Ao6«Mramafo,(CrH*S  the  acid 

with  barium  carbonate^  forms  spherical  p^ups  of  crystals  very  soluble  in  water. 

Etfyl  paraatilpkobeHeafMte,  ^^"^^Inryinmv  is  produced  by  passing  dry  hydrogen 

diloride  into  a  solution  of  the  acid  in  absolute  alcohol,  and  gently  heating  the  solution 
on  the  water- bath.  From  this  solution,  evaporated  to  a  eympy  consistence,  it  sepa- 
rates on  cooling  in  yery  slender  needles.  In  water  and  in  ether  it  is  lees  soluble  than 
in  alcohol,  and  in  cold  less  than  in  hot  water.  When  boiled  with  water  it  melts 
under  the  liquid  before  dissolving.  From  the  hot  aqueous  solution  it  separates  on 
oooling  in  parallel  groups  of  needles  having  a  silky  lustze  and  sometimee  two  or  three 
indiee  long.  The  melting  point  exhibits  a  remarkable  anomaly.  The  crystals  melt 
at  110^-111°,  but  if  the  ftised  bums  be  then  left  to  solidify  by  ooolins,  it  melts  imme- 
diately afterwards  at  94^-96°,  the  melting  point,  however,  continuslly  rising  as  the 
sobd  mass  is  left  longer  after  the  first  fusion,  till  in  about  two  hours  it  returns  to  the 
enginal  temperature,  110''-111^  (Bemsen;. 

EU^fl-iMiaitUpkobmuamats  (v.  486)  crystallises  in  monodinie  prisms. 

SvJLPHOBitoMOBnKsoio  AoiDs,  C*H^SO*H^(00*H).~-The  tulphometa- 
bromobenxoic  acid  which  Boetera  ran  Lennep  obtained  by  heating  bromobenaoic  acid 
with  sulphuric  anhydride  {2nd  Smppl.  1114),  is  converted  by  sodium-amalgam  into  a 
snlphobensoic  acid,  the  constitution  of  whidi  has  not  yet  been  determined.  By 
Aiaion  with  potash  it  yields  a  dioxybensoic  acid;  and  when  fused  with  sodium 
formate,  a  very  small  quantity  of  trimesio  acid  (Bdttinger,  DmL  Ckmn,  Gm,  B^r, 
viL  1778). 

SulpkopambromobrnMoio  Acid. — ^When  vapour  of  sulphuric  anhydride  is  passed 
into  parabromobenaoio  add,  and  the  resultinff  liquid  is  heated  for  a  day  to  160^,  the 
iriiole  is  converted  into  a  mixture  of  two  sulpho-acids,  one  yieldins  a  very  soluble, 
the  other  a  sparingly  soluble  barium  salt.  The  acid  separated  nom  the  first  of 
these  (3-aulplK>parabromobenaoie  acid)  is  identical  with  that  which  Wdss  obtained 
{Jaknab,  /.  Chmn,  1878,  658)  by  oxidation  of  /8-parabromotoluenesulphonic  acid, 
O'.CH'.S0*H.H3r.H*,  with  duomic  acid.  It  is  a  very  soluble  cjnrstalline  mass. 
Its  neutral  harintm  »tUt,  C000.80*.0.H.BrJS.H,  forma  ainall,  very  aoluble  mieroacopic 

UBa-l 
fbur-dded  platea.    The  neutral  ealcivm  adU^  likewiae  anhydrous,  forms  extremely 
soluble  microscopic  lamina.  The  lead,  potassium,  and  sodium  salts  are  also  extremely 
soluble  (WetssV 

The  less  soluble  barium  salt  obtained  by  Bdttinger,  which  constitutes  the  chief 
part  of  the  product,  crystallises  in  large  hard  groups  of  transparent  crystals  contain- 
ing  S  mob.  water,  1  moL  of  which  is  given  off  at  220®.  The  aM  hairiuim  taU  m  alao 
very  dightly  sohiUe,  and  cfystallises  in  needles  containing  2  mols.  water.  The 
copper  aaJU  crystallises  in  broad,  blue,  extremely  aoluble  needles,  containing 
SB*0.  The  free  acid  is  obtained,  by  evaporadon  over  the  water-bath  and  in  the 
exsiccator,  in  long  thin  transparent  prisms  (Bdttinger).  This  add  should  be  identical 
with  that  which  Hlissdfaartn  obtained  (Jakreeb.  1878,  666)  by  oxidation  of  o-para* 
bromotoluenesulphonic  add,  0*.CH*.H.S0'H3r.H.H.,  since  parabromobensoie  add, 
0*.00'H.H.H3r.H',  can  yield  only  two  sulphonic  adds,  vis.  those  in  which  the 
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radicles  OO'H,  SO'H,  and  Br  are  respeetiyelj  in  the  positions  1:2:4  and  1 : 3  :  1^ 
and,  in  fact,  the  only  difference  observed  between  the  acids  described  bj  Hliiiilbiith 
and  by  Bottinger  is  that  the  barium  salt  of  the  former  crystallises  with  S  molt.,  thsft 
of  the  latter  with  1^  mol.  water.  The  neutral  caleiwm  salt  of  HJiaselbuth's  mad.  u 
anhydrous,  more  soluble  than  the  other  salts,  and  crystallises  in  small  needUs,  which 
under  the  microscope  appear  as  four-sided  pointed  prisms.  The  neutral  kid  Mb; 
G*H*Br.SO*.Fb.OO'  -i-  2HH),  forms  groups  of  small  needles.  The  acid  foUmkm  mH, 
0*H'Br.CO*H.SO*E,  crystallises  in  long  slender  colourless  needles. 

Sul^horihobromobensow  acid,  C«.C0«H.BrJ80*HJa»,  or  COO'S Jr.H.KJHyHJ, 
is  obtained  by  oxidation  of  orthobzomotolueneeulphonic  add  with  chromic  acid  niitaii^ 
whereby,  however,  a  considerable  portion  of  the  bromotoluenesulphonic  add  is  bvnt 
to  carbon  dioxide  and  acetic  acid. 

Acid  potassium  stdphorthohramobensoaU,  0>H*Br.SO^OO*H+  UHH),  oyiUUisai 
in  large  thin  laminse  resembling  naphthalene,  which  traverse  the  li^iid  in  fto-sfausd 

SO* 

groups,  and  are  very  soluble  in  water.  The  neutral  harium  salt,  O^H'Br.QQ^Ba  -f-  2H*0, 

separates  from  its  syrupy  aqueous  solution,  after  several  weeks,  in  indistinctdeljqiiatnifc 
scales.  By  mixing  its  aqueous  solution  with  a  quantity  of  strong  aloohol  sufllcieiit  to 
produce  a  permanent  precipitate,  and  covering  the  liquid  with  a  laver  cf  alcohol,  thi 
salt  is  obtamed  in  tufts  of  long,  slender,  shining,  colourless  needles,  which  are  extzenely 
soluble  in  water  and  in  alcohol,  and  give  off  part  of  their  crystallisation-water  orar 
sulphuric  acid.    The  neutral  ealoium  salt,  which  is  also  extremely  soluble,  fonns  ksf 

needles  having  a  silky  lustre.    The  neutral  lead  salt,  0*H^r.^^  +  2SK),  ayital- 

lises  in  small,  delicate,  white,  shining  needles  (Hubner  a.  Betsehy,  Zdtsckr.  f.  Cktm, 
1871i  629). 

SuLPHOPARACHLOBOBBirzoio  AciD,  0'H*01(SO*H).00*H(00*H  :  Q»  1 : 4), 
is  prepared  by  passing  the  vapour  of  sulphuric  anhyoiide  into  parachlozobemoie  aeid 
dried  at  100^,  and  finely  triturated ;  or  by  mixing  parachlorobenzoic  add  with  fbning 
sulphuric  acid  at  the  ordinary  temperature,  and  promoting  the  reaction  by  gently 
warming  the  mixture.  Its  formation  is  accompanied  by  that  of  a  small  quanti^  ol 
an  isomeric  acid,  from  which  it  may  be  separated  by  crystallisation  of  the  lead  idfts. 

Sulphoparachlorobenzoic  add  crystallises  &om  its  aqueous  solution  in  white  nesdlis 
containing  8  mols.  of  water.  When  heated  it  yields  a  sublimate  of  parachlorobeiiioie 
add.  The  lead  salt  crystallises  in  rhombic  tables,  with  4  mols.  of  water;  its  hot 
aqueous  solution  readily  deposits  a  basic  salt.  The  harium  salt  forms  tabular  oyitals 
with  8  mols.  of  water.  The  oofpcr  salt  is  depomted  in  long  blue  needles,  eontaiuog 
6  mols.  of  water  and  deliquescing  in  the  air.  The  neutral  potassium  salt  eryifaHisws 
in  needles  (Th.  Oollen,  Deut,  Chem.  Ges.  Ber,  ix.  758). 

BlsalpHobcnsoic  Aoid,  G*H^SO*H)*(00'H).  Berth  a.  Senhofer  {LM^s 
Annalen,  dix.  217)  prepare  an  add  of  tnis  ocmposition  lyy  heating  10  grama  of  besaoie 
add  with  20  of  strong  sulphuric  add,  adding,  after  cooling,  16  of  phosphoric  anhydride 
and  15-20  of  a  mixture  of  sulphuric  anhydride  and  strong  sulphuric  add,  and  heating 
the  mixture  for  three  or  four  hours  in  strong  glass  tubes.  The  aqueous  soltttion  <rf 
the  brown  thick  liquid  thus  obtained  is  neutralised  with  barium  carbonate,  and  the 
filtered  and  concentrated  solution  is  mixed  with  hydrochloric  add,  whereupon  the 
aeid  barium  salt,  0«H'(00^).(S0*)'Ba  +  2HK),  separates  in  tufts  of  midOMopie 
needles,  which  are  anhydrous  when  dried  at  160^.  The  neutral  barium  silt, 
(0'H>S*0*)>Ba>  +  7H*0,  obtained  by  boiling  the  solution  of  the  add  salt  with  barium 
carbonate,  crystallises  in  small  well-defined  prisms,  which  give  off  their  water  at  160^. 
The  eojmer  salt,  ((TB*S*0*)H>i'  +  8iH*0,  is  a  light  green  crystalline  mass  made  up 
of  slemier  microscopic  needles;  gives  off  its  water  at  180^.  The  silmr  salt, 
0'H'S*0'Ag'  +  2H'0,  is  a  white  crystalline  precipitate  which  blackens'  but  slowly  on 
exposure  to  light;  anhydrous  at  130°.  The  cadmium  salt  is  a  white  crystalline 
very  soluble  mass.  The  sodium  salt  forms  large,  thick,  well-deflned  prisms  rerj 
soluble  in  water.  The  potassium  salt,  0^H"SK)>K*  +  1|HK),  forms  soft  slander  needles, 
which  give  off  their  water  at  130°.  The  free  add  is  best  prepared  by  treating  the 
neutral  barium  salt  with  as  nearly  as  possible  the  exact  quantity  of  sulphuric  add 
required  to  decompose  it,  evaporating  the  solution  to  dryness,  dissolviitf  tlie  residae, 
in  c^se  it  still  contains  barium,  in  absolute  alcohol,  distilling  off  the  alcohol,  redisaolT- 
inff  the  residue  in  water,  and  leaving  the  solution  to  evaporate  in  a  vacuum  orer 
smphuric  add.  As  thus  obtained,  it  forms  a  white,  crystalline,  extremely  hjjrgrosBopie 
mass,  consisting  of  microscopic  needle-shaped  prisms.  It  often  separates  in  smooth 
needles  an  inch  long  when  the  contents  of  the  tubes  in  which  it  is  prepared  are  mixed 
irith  a  little  water,  and  left  for  some  time  in  an  open  vessel.  The  amount  of  water 
in  the  add  crystallised  at  ordinary  temperatures  has  not  been  determinad.    When 
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dzMd  at  180^,  at  which  temperatiire  it  already  begins  to  torn  brown,  it  has  the 
eompoaition  0<]^00*HXSO"H)>+ HH).  When  heated  to  140^  it  tnmf  quite  brown, 
and  appean  to  giye  off  its  water  of  crystallisation. 

^^Bf  tanon  with  potash,  this  add  is  converted  into  a  diozybenxoic  acid, 
0"H'(OH)s.CO*H,  whidi  melts  at  220"*,  and  is  not  coloured  by  ferric  chloride. 

Another  disnlphobensoic  acid  is  obtained  by  oxidation  of  o-tolnenedisnlphonic 
add  with  chzomio  acid  mixture.  Its  potamum  $aU,  G*H*(SO^<(GO*E)  +  2HK), 
ftnns  large  brittle  easily  soluble  prisms.  The  aeid  fotaaHum  9ait,  CK^GKm*+ HK), 
IS  distinguished  l>y  its  great  facility  of  crystallisatioD,  and  sparing  solubility.  The 
imnum  saU  fonns  indistinctly  czystalline  granular  masses. 

_  "Bj  famaa.  with  potash,  this  add  yields  a  dioxybenaoic  add  apparently  identical 
with  that  which  Ascher  obtained  from  para-nitrotoluene  (2nd  Su/pfl.  482),  melting 
in  tha  emtaUised  state  at  148^,  in  the  dehydrated  state  at  194^  and  coloured  dark 
rose-red  by  ferric  ehbride.  Tlus  dioxybensoic  acid — and,  Uierefore,  the  disul^obenzoic 
add  from  which  it  is  prepared — has  the  constitution  1:2:4  (GO'H  in  1)  (P.  nakanson, 
Ikut,  CkewL  Get.  Ber.  t.  1088). 

Tblobonaolo    Aeld«    CrHH)«8-0«H«|^QQ.    This  add,  the  sulphur 

analogue  of  oxybensoic  add,  was  discovered  by  Hubner  a.  Upmann,  who  prepared  it 
by  the  action  of  nascent  hydrogen  on  sulphobensoic  chloride,  O'H^OOOM.SOH^l 
(fimd  SuppL  1 166).  The  product  which  they  obtained  appears,  howerer,  to  have  been 
a  mixture  of  thio-  and  dithiobenzoic  adds ;  and,  moreover,  it  is  by  no  means  certain 
that  the  sulphobensoic  add  from  which  it  was  derived  consisted  of  one  modification 
cnly.  The  investigation  has  therefore  been  continued  by  Frerichs  {Deut.  CAem.  Oet. 
Btr,  viL  792)  with  thiobensoic  add  prepared  from  sulphobenxoic  chloride  obtained  by 
dsoompodtion  of  well-erystallised  sodium  metasulphobensoate. 

The  add,  purified  by  volatilisation  in  a  stream  of  carbonic  anh^rdride,  fbrms 
delicate  colourless  lamin»  melting  at  146^-147^.  When  dry  it  volatilises  in  the  air 
without  decompodtion.    It  is  moderatdy  soluble  in  water,  more  freely  in  alcohol. 

The  metaUie  thiobensoates  were  mostly  prepared  by  double  decomposition  from 
the  ammonium  salt.  From  their  qwring  solubility,  the  colour  of  some  of  them,  and 
the  dreumstance  that  sulphur  in  its  compounds  often  exhibits  peater  affioity  for  the 
metal  than  oxvgen  does,  it  is  inferred  that  the  metal  in  the  thiobensoates  is  directly 
combined  with  the  sulphur,  their  composition  being  accordingly  represented  by  the 
fonnnln: 

^^*S00— OH  ^^^00— OH  ^^^^00— Olf 

The  mhier  salt,  AgaO«H^COOH,  is  a  lemon-ydlow  prec^itate,  formed  of  well- 
delfaied  microscopic  crystals. 

>S  Cn.OH 
The  copper  sali,  O^^^^'o  OH  '  ^  '^  S'^^  predpitate,  made  up  of  well-defined 

microscopic  crystals. 

mfoarf«fl/^,C«H*<^-^^+2H«0,  or  G"H*<^5^Pb  +  8HK),  may  be  formed 

directly,  as  a  lemon-ydlow  predpitate,  by  adding  lead  acetate  to  an  aqueous  or 
aloohouc  solution  of  thiobensoic  acid. 

The  mftrcurie  iaU,  %^aZ^H^ GOOH*  ^^  ^"^i™^  ^7  dissolving  mercuric  oxide 

in  the  free  add,  and  separates  from  the  solution  in  colourless  capillary  needles. 
The  harUm  mU,  Ba<sZ^IZ^H  ***  ^iHK),  is  a  nearly  white  predpitate. 

BromoihiohenMoio  acid,  C^H^Br^^QQ-n.,  formed  by  the  action  of  tin  and 

hvdxochloric  add  on  liquid  bromosulphobenzoic  chloride,  crystallises  in  thin  colourless 
pistes,  somewhat  sparingly  soluble  in  cold  water,  not  so  eadly  altered  by  exposure  to 
moist  air  as  thiobensdc  acid.    It  volatilises  without  decomposition,  and  melts  at  1 92®- 

194».    The  foaiisaZ<,  0«H»Br<^^^;]^^  + 2HK),  or  0«H»Br.:^ 

separates  on  adding  lead  acetate  to  the  ammonium  salt,  as  a  lemon-yellow,  insoluble, 
crystalline  predpitate  (Frerichs). 

0*H^000HS 
BiOitobmiaoto  Aeid,  G>«Hi«0^-  I  (Hiibner,  he.  cit.)     This  add. 

CTB[«C00H8 
originally  obtained  by  Hubner  a.  Upmann,  is  easily  formed  from  thiobenzoic  acid  by 
exposure  to  tiie  air  in  the  moist  state,  or  more  quickly  by  treating  the  aqueous 
solution  with  bromine-water : 
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«C^'.C0»H.8H)  +  0»    -  H»0  +  0»H»0<8' 
2(t?S'.C(?H^H)  +  Bi"  =  2HBr  +   0''H'*0<ff! 

bUo,  aceojiilng  (o  Qatat  (J.  pr.  Chtnt.  cix.  102),  ^3J  daoompoiing  UiB  swoeUMid*  of 
disiobeaiaie  acid  with  bjanKaafalphida. 

DithiabcDzoic  acid  ii  nea^;  insoluble  in  vater,  Tery  lUgkUy  Bolnble  In  aleolwl, 
and  crTMoUiut  in  micraccopie  n»edUB  melting  at  'HV-24i'. 

The  met^lie  dithiobonioatM,  obtuned  by  donbl»  deeompOMtioti  from  tlM  ■■■•■ 
ninm  salt,  exhibit  no  Mamblanea  whatsrar  to  the  matallie  doiTStiTM  tf  Ika 
cbiopli«nol&  TheAiHMi>«aIt,(C^<800']*Ba-»SHK),w  airiiita  pMdptate  ioMb- 
bit  in  water,  and  giving  off  j  mol  H*0  vhen  loft  fbr  ■  long  dme  ot«r  cal  «f  tlMoL 
The a7>p«r u^,  [OiH*.SCOO(CnOH)]<  +  aHK),ii&lifEtit  Una noo-oTiUlliBB  ;rMi|i- 
tAte,  isaolntiU  in  water.  Tbv  I«i laJt, (0^<.&000)<Pb -t- HK),  ii  avhite  pnopitMi 
inKtlnble  in  water.  The  n/nr  «ti<.  CH'.S.CO*Ag  +  liHV,  ie  a  jallowieb-i^te  [md- 
pilate  inaolnble  in  water.  This  salt  and  the  maicnrie  sit  an  not  pradneed  bj  tfMt. 
log  the  mpective  oiidea  with  free  dithiobentoie  add.  A  aoltiboti  of  amatmnm 
dithiobeoioate  mixed  with  meicaiia  chloride  giTes  a  jellowiah- white  pndpitMi 
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FhTiioal  properties 


OrTStaUiset  from  water  in  large  square 
platei,  from  alcohol  in  priams;  m.  p. 
S(M<'-205o.   With  Sn  and  HQ  yields 

SI :  8  :  5)  diamidobensoic  acid 
ts  at  260'';  very  slightly  solable  in 
water 

Melts  at  140°-141'';  more  solable  than 
1 :  S  :  8.  Both  these  acids  are  redu- 
cible to  (1 :  8)  amidobenzoic  add 

Thin  urismsor  lamina ;  m.  p.  144° ;  easily 
solnhle  in  hot  water  and  in  aloohd 

Needles ;  m.  p.  178^-174° ;  yeiy  soluble  In 
hot»  slightly  in  cold  water 

Long  needles ;  m.  p.  186°-187° ;  moderate- 
ly solable 

Emukamdobentoic  aeid. — Prisms;  m.  p. 
112°.    Unites  with  bases  and  with  acids 

Dieihjflamidobenxoie  aeid: — ^m.  p.  90^; 
otherwise  resembles  the  last 

Short  broad  needles ;  m.  p.  285° 

Aeetybnetamidobernxoie    aeid.— Crystalline 

powder,  nearly  insoluble  in  cold  water 

and  ether;  uightly  solable  in  boiling 

water,  esMly  in  boiling  alcohol ;  melts 

at  220°-2d0° ;  snbUmes  at  200° 

Acetyl-fHxmidobenxoie  aeid,  —  Needles 
slightly  solable  in  water ;  more  eaaly  in 
aloohiM ;  m.  p.  about  250i° 

From  (1:2:5)  nitramidobenzoic  add 
(N03in2).  Needles  or  lamimnslighUy 
solable  in  cold  water ;  resolyed  by  dlstif- 
lation  into  CO^  and  (1  :  4)  diamidoben- 


From   (1:2:8)    nitramidobenxolo   add 

rNO^  in  2).    Similar  to  the  last ;  yields 

(1 :  2^  diamidobenzene 
From    (1:8:4)   nitramidobenzoic   add 

(NH'  in  8).    Similar  to  the  preceding ; 

yidds  (1  :  2)  diamidobenzene 
From  the  three  corresponding  dinitrcben- 

zdc  acids.    Resolyed  by  distillation  into 

C0>  and  (1  :  8)  diamidobenzene.    The 

(1:8:  6}  add  mdts  at  240° 
From  (1:8:4)  nitrobromobenzoie  add. 

Colourless  or  light-yellow  needles,  m.  p. 

220°-22lo 
Needles  slightly  sduble  in  water;  m.  p. 

171°-172*^ 
Needles  slightly  soluble  in  water;  m.  p.  208° 
Nitro-iii-amidobeHXoie    oddit.— From    the 

three  corresponding  dinitro-uramidoben- 

zdc  adds  by  boihng  with  water;  yd- 

low  needles 
NUro-^Mumidoheiumie  aeidd — From  dinitro- 

j>-uramidobenzdo    add;    deep   yellow 

needles ;  m.  p.  284° 
NitrO'<>-amidiahen2oie  aeid. — Long  needles; 

m.  p.  206° ;  reduced  by  sodium  smalgam 

to  (1  :  2)  amidobenzdc  add 
Long  neeiues;  m.  p.  270°;  reduced  like 

the  last 
Ouymadne  aeid, — Golden-yellow  needles, 

m.  p.  259  ;  nearly  insoluble  in  cdd  water 
By  reduction  of  chrysanisic  add.  Shining 

needles  with  iH30.    Resolyed  by  distil- 

lation  into  CO*  and  (1:3:4:5)  triami- 

dobensna 


osftions  of  the  sobstltiited  radidea 
(00-H  in  1) 


—  NH(CfH*)  —        — 

I 

—  N(0«H»)»    —         — 

—    fN(CH»)*    — 

—  NH(0*HH))  — 


NH9 


NH« 


NBP 
NH' 


NH« 

NH» 
N09 

N0« 


NH« 


NH* 


—  NH(CFH«))  — 


NH" 


NH* 


NH* 


NH« 
NH9 

Br 


NH« 
NH« 

N0« 


N0« 


N0» 
NH« 


NH» 


NH> 


Br 


N0» 
NH' 


NH« 
NH« 


NEP 


Br 
NH" 


N0« 
N0« 
NH« 


NH« 


BEHZOIO  ACIDS  (SUBSTITUTED). 


AbbrerlBted 

(OO-H  in  1) 

Phjilcsl  propcrUw 

Ortho 

UeU 

Para 

Usta 

Ortt. 

Ott 

5aJ'„Hc  aoU— Prismn  :  m.  p.  16S°-1 66° ; 
mbUming  vhen  slowly  ht»ted  ;  decom- 
poeed  by  mpid  heating  into  CC  and 
phenol :  very  «lighdv  salable  in  cold, 
loodermtely  in  boiling  witer,  easily   in 
alcohd    ind  other ;  gi™  deep  riolet 
colour  with  ferric  chloride 

OH 

Oiybmou  ari</.-MicroscoiMC   pUt«  or 
nodnles  of  larger  eiyatahi ,  m.  p.  StKI"  : 

Bolubla  in  cold,  more  fredy  in  hot  water. 
No  colour  with  ferric  rhlorido 

OH 

OH 

Faraorsbtazolc    ocid.— Crj-sUUises    ftom 
water  in  monodinic  prisma  with  IH'O ; 
■nelis  (anhyd.)  at  21ff>,  partly  decompo- 
ring  into  CO>  and  C«H«U  ;  more  soluble 

~ 

~ 

OH 

~ 

in  oold  water  than  (1:2);  still  moie  in 

hot  wat«r  and  in  alcohol.     With  ferric 

ble  in  excess 

O0H> 

Colonri™  plat™  i  m.  p.  98-5°  i  resolved  at 
300°  into  C0>  and  inisol ;  sUghtly  soln- 
bls  in  cold  water,  easily  in  hot  irster 

OCHS 

- 

- 

- 

- 

UKi  m  alcohol 

OCH» 

decomposed;  slightly  salable    ia   cold, 
Easily  in  hot  water  and  ia  nlcohol 

~ 

OCH» 

" 

" 

~ 

" 

AnUic  Dcfd^Lorge  prisma  ;  m.  p.   176=  j 
wster.  easily  soluble  la  alcohol 

~ 

~ 

OCH» 

" 

" 

OCH' 

Radiate  mass;    m.  p.  19-!,'- ;   reKilrod  at 
300°  into  CO"  and  CHi.O.CH' 

OC'H 

- 

- 

- 

- 

ColoQiless  needles  ;  m.  p.  137° 

OCH 

- 

soluble  in  boiling  water 

- 

OCH 

- 

- 

o.ce>o 

Slender  coloarleBS  prisms 

OC»H"C 

Coloorlees  cfj-.uh. ;  m.  p.  127= 

WTH^ 

OH,CI 

Coloorless  needles;  m-p-lTi-S".  SoinCion 
colaorrd  violet  by  ferric  chloride 

OH 

- 

a 

- 

OH.Br 

Colonrlea  needles:  m.  p.  16i''-165'' ;  »ob- 
limai  at  1MM66°.   Kaolved  by  heating 
with  lime  iato  C0«  aad  (1 :  4)  bromo- 

OH 

Br 

phenol 

Melts  at  ai9°-220O;  more  soluble  in  water 

thnn  (1:2:6) 
Produced  simiUtuneoualy,  together  with 

C«H»(OH)l'.CO'H,  by   the  action  of 

OH 

OH 
OH 

Br 

OH.I 

iodine  and  HgO  on  atcDholiD  salicyhc 
acid.    One  mdts  at  1M°,  the  other  at 

- 

- 

T 

~ 

I95°-19IJ° 

OH.LI 

VHiita  felted  mass ;  m.  p.  220° ,   violet 
with  ferric  cUoride.    Fused  with  KOH 
yields  gallic  add 

OH 

~ 

I 

I 

" 

oe.NO' 

with  IH'O  in  needles  melting  at  126" ; 
dehydrated  acid  at  IW-lib" 

OH 

NO* 

~ 

~ 

" 

Ifitroulieylic  acid  (para).— Long  anhr- 
droos  needles  ;  IL.  p.  228^ ;  ^^j  soli- 
ble  in  cold  water;    solution  coloured 
blood-red  by  Fe^l« 

OH 

sv 

- 

oared  crystab 

- 

HO" 

OH 

- 

- 

OCH'JiO» 

ItilraMiic  aci'd:— Shining  crystals  i  m.  p. 
18ff'-187°.     Healed  with  water  to  320", 

N0» 

OCH» 

yiehjs  C0>,  methyl  alcohol,  ind  orlho- 

nitrophenol 

_  OH.m'.tKfl 

Ih'n  itro-p^>Tybenn)  ic    ac  id — U^lii-^fWOTi 

\    - 

,-&Q= 

Ott 

xo« 

- 
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801 


btUd 
pound 


sroijroi 


FhjaiiQil  ptoportiM 


iIH« 


[(CHK)) 


OOH 


[.OH 


.OCH« 


K).OCH» 
»OCH» 


».0(?H» 
».0C»H4 

CH«-0 

I 

^*— O 
>H.GOH 

)H.OR 


or  bnmze  rhombie  plates ;  m.  p.  285^* 
287*» 

JHmUrwmiiie  aad^ — Long  ahintng  needles, 
m.  p.  181<>-1820  (Salkowski).   Heated 
with  water  to  160°,  it  yields  dinitro^ 
oxTbeiisoio   add,  and  then  /^dinitro- 
pbsnol :  OJJ0«.0H.N0>.H» 

Amido$aHeylie  acid  (ortho-). — Hydrochlo- 
ride forms  decomposible,  easily  sdnble 
needles 

—  (para).  Hydrochloride  fonns  small, 
thick,  Drownish  needles,  easily  soluble 
in  hot  water 

Aeefyl''pHmndoialiqflie  ooct— OrystslUses 
at  low  temperatures  with  1H*0  in  thick 
odoiuless  needles,  yenr  sdnble  in  water 
and  doohd ;  m.  p.  tlBP 

AldeMo-^alieyUe  add  (ortho-)^Delicate 
needles  ;  m.  p.  166°.  Caldnm  salt  dis- 
tilled with  limeyidds  salicylic  aldehyde 

—  (para-).  Delicate  yellowish  needlea ; 
m.  p.  24^-249°.  Garsdt  distilled  with 
lime  yidds  /M>xybenzoic  ddehyde 

Ald^do-p-axybenzoie  acid, — ^Thin  yellow 
prisms;  m.  p.  24a°-2440.  Ca-sslt  dis- 
tilled yidds  sslicylic  aldehyde 

Dioxvbenzoie  acid. — Prisms  or  thin  needles 
mdting  with  decomposition  at  222° ;  not 
coloar£l  by  ferric  chloride 

Needles  with  1|  or  21HS0;  m.  p.  148<>; 
anh^d.  at  194°.  Dark  rose-red  with 
fintnc  chloride 

OxymdicyUe  ocidL— Anhydrons  needles  or 
prisms;  m. p.  196°-197°.  Decomposed 
by  heat  into  G0>  and  hydroquinone. 
With  F«%1«  deep  bine,  changed  to  red 
by  NHS  or  dilute  NaHX)* 

Froioeateekmc  acid* — ^LaminsB  or  needles 
with  IHSQ;  mdto  (anhyd.)  at  IW, 
Decomposed  at  higher  temperature  into 
GO*  and  pyrocatechin.  With  F«*a^ 
green,  changed  by  dilute  NaHX)Stoblue 
and  red 

VamUie  ocici— White  laminar  mass ;  m.  p. 
211^-212*' ;  snblimable ;  no  colour  with 
ferric  chloride 

liovaniBie  acid, — m.  p.  260° 

AeetovaMiBie  ocici— Needles ;  m.  p.  142° 

Veratrie  acid, — Odourless  needles ;  m.  p. 
179*6°.  Heated  with  lime  yields  OO* 
and  dimethyl-pyrooatechin 

Hthy^^pamllic  And— Needles ;  m.  p.  190° 

IHcthyl-proioeaUd^itic  acufl— Needles ; 
m.  p.  149° 

PwervM^ic  oddL— Needles ;  m.  p.  228°. 
Sublimable.  BesoWed  by  heating  with 
HCn  into  protocatechuic  acid  and  carbon 

Ethcne-praiocaUekuie  acid. — Shining 
prisms ;  m.  p.  188*5°.    Sublimable 

2lU%dbMml&  odtfL—Silky  needles  ;  m. 
p.  221°-222°.  Red-Tidet  with  flerric 
chloride 

Gallic  ocmL— Slender  silky  prisms  with 
1  moL  H*0.  Blue-black  prisms  with 
ferric  chloride.  Reduces  gold  end  silver 
solutions 


Positions  of  the  substituted  zadides 
(00*H  in  1) 


Ortho 
S 


OH 
OH 
OH 

OH 
OH 


Heta 
8 


N0« 


NH« 


0(JH» 


NH« 
—  irH(OfH*)0 


COH 


COH 


OHl   OH 
or  OH    ^ 


OH 


OH 


OH 


OH 


OCH» 


OH 

OCH» 

OCH» 


OC»H» 


OH 


OH 


Heto 


NOi 


Ortho 
6 


COH 


OH 


OH 


OH 


OCH» 

OOTPO 

OCH» 


OC«H*OCH» 


OC»H» 


0-CH*-0 

I 1 

0-C»H«— O 


ob 


Hn 


"TOT 


OH 


COH 


OH 


OH 
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Fhjrioal  propatiu 


-r  TV 


SulpliobaaiHc  acid.  —  Cfyitaliine,  very 
deUqncMent,  itrtiDgly  add  man.  Uis- 
tilled  with  PCP,  yi«Ida  M-chlorolMniayl 


t  deliquefr 


Needlet;  veiy  uluble,  bi 

cent ;  m.  p.  abava  300°.     Bibuio 
Deliqu«c«ut  pruuu.     Tribsuc 
ConvertiblB  into   (1 ;  3  :  4)  dioiyb«iizoio 

ThKicim.i:  acioL— Luduib  modmtelj 
■olubloiQir«tor;  ni,p.  146''-147''.  When 
di^,  voUtiluRi  nadecampowd  iu  tha  ur 


1    or   SOtH 
SCPH     — 


*? 


BBVZOIC  4IAMHT9B,  BBSKAlkDSKnB,  or  BBWSAJL,  CE'.CBO. 

Thin  compuund  \e  furmed  ia  gmall  quautily.  t'eethur  vith  •erBral  other  proddcu,  b; 
bea^ng  btaizjl  chloride,  CH'Cl,  with  water  (Zincke,  DaU.  Ckem.  Gf.  Btr.  viL  IM). 
So/uMtf^.— According  to  Fliickiger  (Arck,  PAarm.  [S],  ni.  103),  tlu  oriiMiT 
stst«iaeDt  t^t  bitur  ftlmand  oil  disa^TM  in  SO  puts  of  water  it  fonndM  on  aa  anor: 
he  finde  thsc  para  banuildehyde  (itepanited  from  iti  componiid  with  Mid  Md)^ 
■alphita)  ii  Terj  eUgbtly  salable  in  water,  not  diwolfii^  coinpUtoljATttn  in  SOO  puti 

On  the  Formatimi  of  Hf/drebnaifin  and  Imh/dnbemoai  by  Ik*  JMon  tf  Btdmm- 
amalgam  sn  Senialdtkydt  ■■  Aquma  or  AleoMie  SUttion,  lee  2mf  ^fff-  If'- 
(M  tht  Compound  of  Beiualdehgdt  tuilh  UrtOane,  Ma  Ui 


Ohlorvbai 


B,CH' 


The  orlio-taodjitatioa  u  foimad  faj  hi 


ItdWM 


nailing  like  bitter  eltuond  oil,  hnTing  n  ep.  gr.  of  129  ■ 
Z10°'S20°.  It  foriDs  a  crj^etalliaa  cmnpouod  with  aoid  podium  >nlphit«. 
in  fuming  nitric  acid,  and  watar  added  to  th«  eolulion  thiova  down  tha  iiiiiiiiwl 
CH>[NO*jCl— CHO.  whicb  crTBtalliiiea  &om  alcohol  in  emaU  naedlg*.  Bj  oxiduiaa 
wilh  chromic  acid  miitnra,  oTthoehlonilMnialdebTde  ii  eonrertad  into  orthochlMe- 
bvunic  ncid,  G'.CO'H.CLH'  (L.  Hemr.  Deut.  Ckein.  Gtt.  Btr.  iL  lU]. 

The  fxini- modi  dotioD.  C.CEO.H.H.Cl.lI',  ii  formed  hj  pMiiiigehloriM  into  litw 
almond  oil  miiad  with  iodine ;  bj  boiling  chtorobeniyl  chloride,  0^*01— CH'CL  «i>k 
aaolutioaofUadniliats;  and  bf  heating puriichloiobenul  chloride,  CGHCl'.H.H.CLiF, 
with  water.  It  ie  a  colonrlew  liijuid  which  boils  without  deeompoiitian  (BaIMM  l. 
Kuhlberg,  Iiuhig't  AnnaUix,  cxlrii.  u3S},  nnd  when  Bipoied  U>  the  kir  qwcklj  ■lattti 
oxygen,  and  ie  coDveitcd  iuto  paruchlorulienzoic  acid  (Berlin,  ihid.  clL  140). 

DiehloTobrnsaldehydr.  CH'Cl'.CHO,  ie  formid  hj  faMting  i 
chloride,  CH'Cl'.CUCI*  {lit  S^ipjil.  -AS^).  with  water  to  200°.  The  prodnct  i*  w 
with  wook  ammonia,  and  agitnlvd  with  a  strong  solation  of  acid  potaniom  nlpUM; 
and  the  rexulting  doulilo  eillt  is  w&ahed  with  cold  water  and  deCompoMd  with  nda- 
■alution.  Tha  aldehyde  cryHtallisaa  in  slender  neadlea,  and  lolatiliMi  with  ^bmm 
Tapoor.  Its  Taponn  attack  the  ejes.  It  diiwilTes  in  alcohol  and  in  >  Imrgt  inmatilj 
of  hot  water.  Oc  eiposuro  to  the  uir  it  is  coDTertvd  ialo  diehiorobeuoie  odd  malt- 
ing lit  128°  (1:2:4),  ooo  p.  269.  Hgdrogn  ndphidt,  powad  into  itj  kleoboUe 
•nluliDQ  [urmi  an  amorphoui  precipitate  (Bcifttein  a.  Kuhlbeig,  LtdMt  ^-ftiifnt.  dii. 
424). 

TrichloTobtnealdiiydt,  C*1I<C1'.CH0.  ie  formed  In  heating  tha  ehloidl 
CH*a'.ClICl>  (li(  Siippl.  2S3)  with  water  to  2S0°,  and  purified  in  the  mumar  aboea 
describnl.  It  crjatslliaea  in  white  slender  needlei  molting  at  I10°-lll°,  cadT 
soluble  in  alcohol,  insoluble  in  water  even  at  the  boiling  heat;  haa  a  pnngant  odaa ; 
reocta  with  hTdrogan  sulphide  like  the  preceding  compound  (Bmlsteiii  a.  ITalilliWl. 

ta.  .11.) 
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Afltion  of  a  miztnre  of  nitrie  and  anlphQiio  aeidi  on  bittar  almond  oil ;  OTStaUiMs  in 
ooknirleM  shining;  needka  melting  at  68®,  and  ia  oonrerted  by  oxidising  agents  into 
■etanitiobenaoie  add  (L  670). 

Another  modifieation  has  lately  been  described  by  Fittiea  {Deut.  Ch§m,  €ft8.  Ber, 
z.  1630).  It  is  obtained,  together  with  the  preceding,  by  cantionsly  dropping  a 
mixture  of  eqnal  weights  of  benzaldehyde  and  ethyl  nitrate  into  a  quantity  of  strong 
solphorio  acid  eqnal  to  about  four  times  the  Yolume  of  the  mixture,  till  the  tempera- 
ture of  the  liquid  rises  to  80®,  then  cooling  it^  and  continuing  the  dropping  at  such  a 
rate  as  to  maintain  a  uniform  temperature  of  80®-86®.  When  the  action  is  over,  the 
mixture  is  to  be  set  aside  and  frequently  agitated— care  being  taken  that  the  tem- 
perature does  not  rise  above  40® — ^till  a  sample  poured  into  water  no  longer  emits  any 
odour  of  bitter  almond  oiL  The  whole  is  then  poured  into  water,  the  oil  which  settles 
down  is  washed  successively  with  water,  solution  of  sodium  carbonate,  and  again  with 
water,  and  the  half  solid  mass  is  left  to  itself  for  some  days.  By  this  treatment  the 
crystalline  portion  (ordinary  nitrobenzaldehyde)  is  separated  fiom  a  light-brown  oil, 
which  may  be  obtained  by  pressing  the  mass  between  glass  plates. 

This  oily  liquid  exhibits  the  composition  of  nitrobenzaldehyde.  It  has  an  odour 
somewhat  like  toat  of  bitter  almond  oil,  reduces  an  alcoholic  ammoniaoal  silver  solution, 
and  dissolves  in  a  concentrated  solution  of  acid  sodium  sulphite,  but  does  not  form 
therewith  a  crystalline  compound.  It  may  be  distilled,  tnough  not  quite  without 
decomposition,  under  a  pressure  of  60  nun.  The  distillate  is  at  ^t  light  vellow,  but 
very  quickly  turps  brown,  a  change  which  is  not  exhibited  hj  the  undistilled  aldehyde. 

By  oxicfation  with  chromic  acid  in  glacial  acetic  acid  solution,  this  nitrobenzaldehyde 
is  converted  into  a  nitrobenzoie  acid  melting  at  127®.  This  is  Fittica*s  fourth  nitxo- 
benaoic  acid,  and  he  regards  its  formation  in  this  manner  as  a  decisive  proof  of  its 
•eparate  identity.  It  has,  however,  been  pointed  out  (p.  266)  that  this  supposed 
fbuith  nitrobenzoio  acid  may  be  nothing  more  than  a  mixture  of  two,  or  perhaps  all 
three  of  the  known  modifications  (p,  m,  and  p),  and  its  formation  from  the  oily 
nitrobenzaldehyde — which,  for  anything  yet  shown  to  the  contrary,  may  be  itself  a 
mixture  of  isomeric  modifications  (a  view  which  is  somewhat  favoured  by  the  change 
which  it  undergoes  on  distiIlation)---cannot  be  ro^arded  as  affording  any  further  proof 
of  the  definite  nature  of  the  nitrobenzoio  acid  which  melts  at  127®. 

Ozjbenaolo  AldoHyde,  (rH*O*-O'H«^^Q(B6imfir,2)0tt<.  C%m».  6^. 

B€r.  ix.  428 ;  Beimer  a.  Tiemaan,  ibid.  824).  Two  modifications  of  this  compound 
are  known,  viz.,  salicylic  aldehyde  (1  :  2),  and  paraoxybensoio  aldenyde 
(1  :  4\.  They  are  obtained  simultaneously  by  the  action  of  chloroform  on  a  strongly 
alkaline  solution  of  phenol : 

0»HK)Na  +   8NaOH  +  0H01«  -  2HH)  ^  8Naa  +  Cra»0«Na. 

Fifteen  parts  of  chloroform  are  gradually  introduced  b^  vigorous  shaking  into  a  warm 
(60®-60®)  solution  of  10  parts  of  phenol  and  20  of  sodium  hydrate  in  80-86  of  water; 
an  action  speedily  commences,  the  slightly  yellow  liquid  soon  becoming  blue  or  reddish- 
violet,  and  finally  deep  red ;  and  the  temperature  nsee,  so  that,  to  avoid  loss  of  chloro- 
form, it  is  necessary  to  affix  a  reflux  condenser.  After  half  an  bourns  boiling  the 
small  quantity  of  chloroform  that  remains  unacted  on  is  distilled  off,  and  hydrochloric 
or  diluted  sulphuric  acid  is  cautiously  added  to  the  residue,  until  a  strong  acid 
reaction  is  manifest ;  a  thick  dark  red  oil,  smelling  strongly  of  salicylic  aldehvde,  is 
thus  precipitated.  On  blowing  steam  through  the  whole,  salicylic  aldehyde  and 
phenol  pass  over  with  the  water-vapour,  whilst  a  red  resinous  mass  and  a  slightly 
jellow  aqueous  liquor  remain  in  the  distilling  flask ;  this  latter  solution  is  filtered  off 
through  a  wet  filter,  and,  after  cooling,  well  agitated  with  ether,  which  takes  up  the 
paraoxybenzo  ic  aldehyde,  and  deposits  it  on  evaporation  in  stellate  needles,  more 
or  less  tinged  with  yellow. 

To  prepare  pure  salicylic  aldehyde  from  the  distillate  obtained  as  above,  this  dis- 
tillate is  shaken  with  ether,  and  the  ethereal  solution  with  acid  sodium  sulphite, 
whereby  a  crystalline  compound  is  formed,  from  which  the  salicylic  aldehyde  may  be 
separated  by  potash  or  sooa. 

This  process  affords  the  readiest  means  of  preparing  salicylic  aldehyde.  Other 
methods  of  obtaining  this  compound  have  been  described  in  former  volumes  of  this 
Dictionary,  together  with  its  properties  and  reactions  (v.  167 ;  1'^  Supjd.  1008). 

Nitroaaliei/lie  AldeM/de$,  C^*NO*(OH).OOH.— When  salicyUc  aldeh^e  is  boiled 
with  8  parts  of  nitric  acid  diluted  with  twice  its  volume  of  water,  an  oil  is  obtained 
which  solidifies  to  a  crystalline  mass  on  cooling.  This  mass  consists  of  two  isomeric 
mononitroderivatives,  which  may  be  separated  by  taking  advantage  of  the  difference 
in  sodubility  of  their  barium  compounds.    The  less  soluble  salt  crystallises  with  two 
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rZOIO  AXAnTBB,  BaVZA&SBBTBB,  or  BBMXAXi»  G*H*.GHO. 

Thia  compound  ia  formed  in  amali  quantity,  to«^ther  with  aeyeral  other  piodueti^  bj 
heating  benzyl  chloride,  CH'Cl,  with  water  (^cke,  DetU,  Chem,  Gts.  Ber,  tu.  146). 

Solubility, — According  to  Fliickiger  (Jrch,  Pharm,  [3],  yii.  108X  the  oidiiiaiy 
statement  that  bitter  almond  oil  diaaolyes  in  30  parts  of  water  is  fonndMl  on  ad  emv: 
he  finds  that  pure  benzaldehyde  (aeparated  from  its  compound  with  add  Mdioii 
aulphite)  is  yezy  slightly  soluble  in  water,  not  dissolying  completely  enren  in  MO  parts 
of  water. 

On  the  Formation  of  Hydrohenzdin  and  hohydroheneoin  by  the  Aetion  rf  _. 
amalgam  on  Bemaldekyde  in  Aqueous  or  AloohoUe  SohUion,  see  2nd  St^ppl,  171. 
On  the  Compound  of  Benealdehyde  with  Urethane,  see  UBBiBAiffaB. 

ClUorobenmaldolijdaf  ^^^^qhO  '  "^^^  or^^modiflcation  it  fofnned  faj  heat- 
ing orthochlorobenzalchbride,  C'.0H01'.C1.H*  (chlorobensylene  chloride,  IM  SampL 
281),  with  water  to  170®,  and  distils  oyer  with  the  aqueous  yapoor  as  a  ookmneai 
oil,  smelling  like  bitter  almond  oil,  haying  a  sp.  gr.  of  1'29  at  8®,  and  boiliitt  at 
210^-220®.  It  forms  a  crystalline  compound  with  add  ^pdium  sulphite.  It  diaaufva 
in  Aiming  nitric  acid,  and  water  added  to  the  solution  throws  down  the  oompoud 
0*H*(N0')C1'CH0,  which  crystaUises  from  alcohol  in  small  needlee.  By  ozidatioo 
with  chromic  add  mixture^  orthochlorobenzaldehyde  is  conyezted  into  orthoehknn 
benzoic  add,  C*.CO<H.CLH«  (L.  Heniy,  Deut,  Chem.  Gee.  Ber,  iL  136}. 

Thepora-modification,  O.CH0.H.H.C1.H*,  is  formed  by  passing  ehlorine  into  hitter 
almond  oil  mixed  with  iodine ;  by  boiling  chlorobenzyl  chloride,  C*H<!1 — OH^^IS,  with 
a  solution  of  lead  nitrate ;  and  by  heating  parachlorobenzal  chloride,  O'.OHQ'.H.H.GLH^, 
with  water.  It  ia  a  colourless  liquid  which  boils  without  deoompodtion  (Bailfltem  a^ 
Kuhlberg,  lAM^e  Annalen,  czlyii.  S39),  and  when  exposed  to  the  air  qqjcklj  abaorts 
oxygen,  and  is  conyerted  into  parachlorobenzoic  acid  (Berlin,  iM,  clL  140). 

Diehlorobenealdehyde,  CH'CP.CKO,  is  formed  by  heating  didiloxobsBal 
chloride,  C*H*01*.0HC1*  (1^^  Suppl.  282),  with  water  to  200^'.  The  poduct  ia  waahed 
with  weak  ammonia,  and  agitated  with  a  strong  solution  of  add  potaanmn  anlphlta ; 
and  the  resulting  double  salt  is  washed  with  cold  water  and  decompoaed  with  soda- 
solution.  The  aldehyde  crystallises  in  slender  needles,  and  yolatilisea  with  aqoaoas 
yapour.  Its  yapours  attack  the  eyes.  It  dissolyes  in  alcohol  and  in  a  lazga  muatitj 
of  hot  water.  On  exposure  to  the  air  it  is  conyerted  into  dichlorobenaoic  add  melt- 
ing at  128®  (1:2:4),  see  p.  266.  Hydrogen  eulphtde^  passed  into  its  aloohoUe 
solution  forms  an  amorphous  predpitate  (Beilstein  a.  Kuhlberg,  Liebi^s  AmnaUn,  tin. 
424). 

Triohlorobensaldehyde,  C^Hsa'.OHO.  is  formed  by  heating  the  ehlarida 
OH'Gl'.OHGl'  (Ut  8uppl,  283)  with  water  to  260®,  and  purified  in  the  mannar  abo?a 
described.  It  crystallises  in  white  slender  needles  melting  at  1I0®~11I*,  eaidly 
soluble  in  alcohol,  insoluble  in  water  eyen  at  the  boiling  heat ;  haa  a  pungent  odovr ; 
reacts  with  hydrogen  sulphide  like  the  preceding  compound  (Bdlstein  a.  '*^«f!B^>^f^g^ 
loG,  dL) 

VitrobenxaldeHyde,  CH«(NO*).CHO.  Of  the  three  possible  modifieatuna  cf 
this  compound,  one,  yiz.,  the  meta,  haa  long  been  known.    It  is  obtained  by  the 
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ftotion  of  a  BUztnM  of  aitrie  and  snlphurio  aeids  on  bittar  almond  oil ;  czTstalliMs  in 
ookrarleaB  ■hining;  needlet  melting  at  68®,  and  is  oonyeiied  by  oxidising  agents  into 
metanitacobenaoie  add  (L  670). 

Another  modifleation  has  lately  been  described  by  Fittiea  {Deut,  Cktm,  Ots,  Ber, 
z.  1630).  It  is  obtained,  together  with  the  preceding,  b^  cantionaljr  dropping  a 
mixture  of  eqnal  weights  of  benzaldehyde  and  ethyl  nitrate  mto  a  quantity  of  strong 
sol^nrie  acia  equal  to  aboat  four  times  the  volume  of  the  mixture,  till  the  tempera- 
ture of  the  liquid  rises  to  80®,  then  cooling  it^  and  continuing  the  dropping  at  such  a 
rate  as  to  maintain  a  unifbrm  temperature  of  80®-86®.  When  the  action  is  over,  the 
mixture  is  to  be  set  aside  and  frequently  agitated — care  being  taken  that  the  tem- 
perature does  not  rise  above  40® — ^till  a  sample  poured  into  water  no  longer  emits  any 
odour  of  bitter  almond  oiL  The  whole  is  then  poured  into  water,  the  oil  which  settles 
down  is  washed  successively  with  water,  solution  of  sodium  carbonate,  and  again  with 
water,  and  the  half  solid  mass  is  left  to  itself  fbr  some  days.  By  this  treatment  the 
errstalline  portion  (ordinary  nitrobenzaldehyde)  is  separated  from  a  light-brown  oil, 
which  may  be  obtained  by  pressing  the  mass  between  glass  plates. 

This  oil^  liquid  exhibits  the  composition  of  nitrobenzaldehyde.  It  has  an  odour 
somewhat  like  tnat  of  bitter  almond  oil,  reduces  an  alcoholic  ammoniaoal  silver  solution, 
and  dissolves  in  a  concentrated  solution  of  acid  sodium  sulphite,  but  does  not  form 
therewith  a  crystalline  compound.  It  may  be  distilled,  though  not  quite  without 
decomposition,  under  a  pressure  of  60  mm.  The  distillate  is  at  ^t  light  vellow,  but 
reiy  quickly  turps  brown,  a  change  which  is  not  exhibited  hj  the  undistilled  aldehyde. 

By  oxidation  with  chromic  acid  in  glacial  acetic  acid  solution,  this  nitrobenzaldehyde 
is  converted  into  a  nitrobensoic  acid  melting  at  127®.  This  is  Fittica's  fourth  nitro- 
benzoie  add,  and  he  regards  its  formation  in  this  manner  as  a  decisive  proof  of  its 
separate  identity.  It  has,  however,  been  pointed  out  (p.  266)  that  this  supposed 
fiourth  nitrobenzoic  add  may  be  nothing  more  than  a  mixture  of  two,  or  perhaps  all 
three  of  the  known  modifications  (o,  m,  and  p),  and  its  formation  from  the  oily 
nitrobensddehyde — which,  for  anything  yet  shown  to  the  contrary,  may  be  itself  a 
mixture  of  isomeric  modifications  (a  view  i^ch  is  somewhat  favoured  by  the  change 
iHuch  it  undergoes  on  distillation)---cannot  be  ro^azded  as  affording  any  further  proof 
of  the  definite  nature  of  the  nitrobenzoic  acid  which  melts  at  127®. 

Ozybenaelo  Aldobjdev  G^H)*-O'H«^^g(Beimer,2)0tt<.  C%m».  Qea. 

B$r.  ix.  428 ;  Baimer  a.  Tiemann,  ibid*  824).  Two  modifications  of  this  compound 
are  known,  viz.,  salicylic  aldehyde  (1  :  2),  and  paraoxybensoio  aldenyde 
(1 :  4\  They  are  obtained  simultaneously  by  the  action  of  omozolbrm  on  a  stron^y 
aUailine  solution  of  phenol : 

0»HK)Na  +  8NaOH  +  CHOI*  -  2HH)  ^  8Na01  +  (rHH)«Na. 

IRftaen  parts  of  chloroform  are  gradually  introduced  b^  vigorous  shaking  into  a  warm 
(60®-60®)  solution  of  10  parts  of  phenol  and  20  of  sodium  hydrate  in  80-86  of  water ; 
an  action  speedily  commences,  the  slightly  yellow  liquid  soon  becoming  blue  or  reddish- 
violet»  and  finally  deep  red ;  and  the  temperature  tibm,  so  that,  to  avoid  loss  of  chloro- 
form, it  is  necessary  to  affix  a  refiux  condenser.  After  half  an  hour's  boiling  the 
snaall  quantity  of  ddoroform  that  remains  unacted  on  is  distilled  off,  and  hydrochloric 
or  diluted  sulphuric  add  is  cautiously  added  to  the  residue,  until  a  strong  acid 
reaction  is  manifest ;  a  thick  dark  red  oil,  smelling  strongly  of  salicylic  aldehvde,  is 
thus  predpitated.  On  blowing  steam  through  the  whole,  salicylic  aldehyde  and 
phen^  pass  over  with  the  water-vapour,  whilst  a  red  resinous  mass  and  a  slightly 
jeUow  aqueous  liquor  remain  in  the  distilling  flask ;  this  latter  solution  is  filtered  off 
thrcmgh  a  wet  filter,  and,  after  cooling,  well  agitated  with  ether,  which  takes  up  the 
paraoxybenzoic  aldehyde,  and  deposits  it  on  evaporation  in  stellate  needles,  more 
or  leas  tinged  with  yellow. 

To  prepare  pure  salicylic  aldehyde  from  the  distillate  obtained  as  above,  this  dis- 
tillate IS  shaken  with  ether,  and  the  ethereal  solution  with  acid  sodium  sulphite, 
i^ereby  a  crystalline  compound  is  formed,  from  which  the  salicylic  aldehyde  may  be 
separated  by  potash  or  sooa. 

This  process  aflbrds  the  readiest  means  of  preparing  salicylic  aldehyde.  Other 
methods  of  obtaining  this  compound  have  been  described  in  former  volumes  of  this 
Dietioaary,  together  with  its  properties  and  reactions  (v.  167 ;  1st  Suppl.  1008). 

NUramlieyUo  Aldehyde,  C^*NO*(OH).COH.— VOien  salicyUc  aldeh^e  is  boUed 
with  8  parts  of  nitric  add  diluted  with  twice  its  volume  of  water,  an  oil  is  obtained 
i^uch  solidifies  to  a  crystalline  mass  on  cooling.  This  mass  consists  of  two  isomeric 
mononitroderivatives,  which  may  be  separated  by  taking  advantage  of  the  difference 
in  solubility  of  thdr  barium  compounas.    The  less  soluble  salt  crystallises  with  two 
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moleciileB  of  water  in  baautiftil  jelloinah-red  primifl,  and  the  nitiodArifitiT*  MMurated 
from  it,  in  small  yellow  priBma  melting  at  106^-107^  The  more  loliifal*  tanmi 
compomid  CTTstallisee  in  yellow  prismB  containing  at  least  6  mola.  of  vatar:  the 
ooneeponding  nitzo-componnd  fbrms  needles  which  melt  at  128^-126^.  Both  the 
baiiom  salts  lose  their  water  of  Gxystallisation  below  100^  (Gh.  Mmaia,  Gear,  dim, 
ital  Ti.  460). 

yaraosj^anaolo  Aldetaydef  C*.C0H.HJ3.0H.H*,  is  prodoced :  1.  Bj  haatmg 

anisaldehyde  (methyl-paiaozjbensoic  aldehyde)  with  dilute  hydrodilozie  acid  to 
190^-200^  for  three  or  four  hours  (Bucking,  DmU,  Chem,  Gea,  Ber.  iz.  627). 
2.  Together  with  sali^lio  aldehyde,  by  the  action  of  chloroform  and  alkalis  on  phenol 
in  the  manner  above  described.  It  is  contained  in  the  aqueous  portion  of  the  residue 
left  on  distilling  Uie  crude  product  thus  obtained,  and  may  be  extracted  therefrom  by 
agitation  with  ether,  Uie  ethereal  solution  leaving  it  on  evaporation  in  stellate  groups 
of  yellowish  needles,  which  dissolve  in  oold,  more  readily  in  hot  water,  very  easOj  in 
alcohol  and  ether.  From  the  ethereal  solution  it  may  be  completely  extracted  bj 
agitation  with  an  aqueous  solution  of  acid  sodium  sulphite,  and  by  reoystallisation 
from  boiling  water  it  is  easily  obtained  in  white  needles.  8.  Together  with  alde- 
hydo-paraoxybenzoic  acid  (p.  289)  by  the  action  of  chloroform  on  an  alkalina  SQlutioa 
of  paraoxybenzoic  acid : 

It  remains  in  the  mother-liquor  from  which  the  aldehydo-acid  has  oiyBtalliaed  out, 
and  may  be  extracted  therefrom  by  repeated  agitation  with  ether.  On  distilling  off 
the  ether  from  the  united  ethereal  extracts,  there  remains  a  yellowish  mass  eoosisting 
of  the  aldehyde,  still  mixed  with  considerable  quantities  of  the  aldehyde  add,  from 
which  it  may  be  separated  by  repeated  fractional  solution  in  small  quantitiea  of  eold 
water,  Uie  less  soluble  portion,  consisting  chiefly  of  the  aldehy do-acid,  being  eadi 
time  rejected,  and  the  solution  evaporated  to  dryness. 

Paraoxybenzaldehyde  may  be  extracted  from  its  aqueous  solution  bj  ether,  aid 
remains,  on  evaporating  the  ethereal  solution,  as  a  mass  which  melts  at  114^-lIfi®, 
Its  aqueous  solution  gives  a  faint  bluish-violet  colour  with  ferric  chloride  (Beimsr  a. 
Tiemann).  It  has  an  agreeable  aromatic  odour,  reduces  ammoniacal  silver  scdvtions^ 
and  forms  crystalline  salts  with  the  alkali-metals.  By  fusion  with  potash  it  is  oonvertsd 
into  paraoxybensoic  acid,  which  is  also  formed,  thonch  not  readily,  by  n»i^M«fw 
the  aldehyde  in  solution.  It  unitee  with  acid  iodium  9U^hite,  forming  a  oompovaS 
which  is  very  soluble  in  water,  and  crystallises  from  hot  water  in  radiating  eolowlaa 
needles,  melting  at  111°-112S  and  resolidifying  at  lOe^-lOT^  (Bubking). 

Nitroparaoxybensoie  aldehyde,  0*H'(NO*)(OH)(COH).— One  of  the  two 
possible  modifications  of  this  compound  is  formed  by  heating  paraoxybenioie  aldeliydi 
with  1^  times  its  weight  of  nitric  acid,  sp.  gr.  1*20,  diluted  with  6  parts  of  water. 
The  product  is  a  dark  brown  or  nearly  blade  crystalline  mass,  impregnated  intfa  an 
oil,  from  which  it  may  be  separated  by  filtration  and  pressure  between  paper ;  and  ht 
crystallising  the  mass  thus  ur  purified  from  alcohol,  with  addition  of  animal  ehazooa^ 
the  uitro-aldehyde  is  obtained  in  long  nearly  colourless  needles,  melting,  with  slitffat 
sublimation,  at  1 89^-1 40'6^,  and  volatilising  slowly  with  vapour  of  water.  Itma- 
solves  in  boiling  water,  and  separates  on  cooling  in  small  anhydrous  needles,  veiy 
sparingly  soluble  in  ether,  chloroform,  and  benzene.  The  aqueous  solution  gives  a 
reddish  colour  with  ferric  salts. 

Nitroparaoxybenzoic  aldehyde  exhibits  strong  acid  properties,  and  decomposes 
carbonates.  Its  potassium  salt,  CH*(NO^(OK)(OOH)  +  H*0,  crystallises  in  golden- 
yellow  plates,  which  ^ye  off  their  water  at  about  70®.  The  stfver  9tdt, 
(D*H"(NO«)(OAg)(OOH),  is  a  canary-yellow  precipitate.  The  solution  of  the  potasmum 
salt,  mixed  wi^  cuprio  sulphate,  gives,  after  some  time,  a  ^^reenish  precipitate,  which, 
when  boiled  with  water  and  filtered,  yields  a  liquid  depositing,  on  cooling,  crystals  of 
nitroparaoxybenzoic  aldehyde  (G.  Mazzara,  Gazg.  chim.  ital,  vii,  286). 

yrotooateoHuio  AldeHjde,  C'H«0»  =»  C*.C0H:.H.0H.0H.H«.  This  eomponnd, 
the  only  dioxybenzoic  aldehyde  at  present  known,  was  originally  obtained  by  ^t^tifiy 
piperonal  (methene-protocatechuicudehyde)  with  dilute  hydrochloric  acid,  or  diehkno* 
piperonal  with  water  (Is^  Suppl.  1024).  It  is  also  produced  by  heating  vanillin,  its 
monomethyl-derivative,  with  dilute  hydrochloric  acid ;  and  by  the  action  of  ehhnoftnn 
on  an  alkaline  solution  of  pyrocatechin  : 

C«H«(OH)«  +  OHCi«  +   SNaOH  «  SNaQ  +  2H«0  +   C«H»(OH)»OHO. 

Its  properties  and  reactions  have  been  described  in  the  lat  Suppl,  p.  976. 
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Methyl 'proiooaieehuio  Aldehyde  or  Vanillin^ 
0!HW-C«.COH.H.OCH«.OH.H».  This  eubstanoe,  the  fragrant  congtituent  of  the 
pods  of  Vanilla  aramatiea,  in  which  it  exists  to  tho  amount  of  about  2  per  cent.,  is 
produead  aitifieialljr :  a.  Together  with  an  isomeric  aldehyde,  by  the  action  of  chloro- 
wrm  on  an  alkaline  solution  of  gnaiacol  (methyl-pyrocatechin),  C*H^(OH)(OCH'), 
jiut  asjDiotocateehnic  aldehyde  is  formed  from  pyrocatechin. 

fi.  By  ozidatioD  of  coniferin  or  of  coniferyl  alcohol  with  chromic  acid  mixture : 

C>«H»K)«  +   0*  =  C«H«0»  +   2C0«  +  2H«0. 

Ckmlferyl 

alcohol. 

0»H«0«  +  0"  +  C»HK)»  +  8C0«  +  7H«0. 
Conlfcrlii* 

y.  By  ooddation  of  evgeool  (in  the  form  of  its  potassium  salt)  with  poiassium  per- 
manganate, a  pdlymeride  of  eugenol  being  formed  at  the  same  time  (Erlenmeyer, 
D^Mt.  Ckmn.  Ot8,  Ber.  ix.  273)  : 

0»H"0»  +  0*  -  C»H«0«  +  2C0«  +  2H«0. 

Aoetyl-engsnol  yields  by  oxidation  a  large  quantity  of  acetoTanillic  acid  and  a 
amall  qiiantity  of  acetovanilUn,  and  these  bodies  when  heated  with  potash  are  converted 
into  Tanillic  add  and  yanillin  (Tiemann). 

9,  £thyl-Tanillin»  O^'H^K)*,  is  formed  by  the  action  of  water  and  emulsin  on 
coniferin,  and  like  its  isomeride,  coniferyl  alcohol,  is  converted  into  vanillin  by  oxida- 
tion with  chromic  acid  mixture  (2nd  Suppl,  \20\\ 

VaoiUin  eryitallises  in  stellate  groups  of  colourless  needles,  melting  at  80^-81^, 
nazinglj  soluble  in  cold,  more  easily  in  not  water,  veiy  soluble  in  alcohol  and  ether. 
It  forms  ciystalliaable  compounds  with  bases.  Bromine  converts  it  into  mono- 
bromovanillin,  which  crystallises  in  yellow  lamins  melting  at  160^-161^. 
Yanfllin  is  resolveid  by  heatinff  to  180^-200°  with  dilute  hydrochloric  add  into  methyl 
ohloride  and  protocateehuio  aldehyde,  and  converted  by  ftision  with  potash  into  proto- 
eatadmie  add  (comp.  2nd  Bumai.  1201).* 

Vanillin,  treated  with  socuum-amalgam^  is  converted  into  vanillyl  alcohol, 
0"EP*0*-C^OHXOCH*).OH*OH,  in  the  same  manner  as  salicylic  aldehyde  is  con- 
Tartod  into  saligenin.  On  adding  sodium-amalgam  to  vanillin  immersed  in  water,  or 
▼eny  dilute  alccmol,  the  vanillin  immediately  dissolves  to  a  red  liquid  which  afterwajrds 
tuns  yellow ;  and  on  adding  fresh  amalgam  f^m  time  to  time,  leaving  the  liquid 
bk  oootaet  'with  it  for  eight  or  ten  days  till  no  more  vanillin  can  be  detected  in  it, 
and  then  neatralising  exactly  with  smphuric  add,  the  liquid  acquires  a  faint  red 
eolonr,  and  begins  to  depodte  white  prismatic  crystals,  the  cxystalusation  beinff  com- 
pleled  in  six  or  eight  hours.  These  crystals  condst  of  hydrovanilloin, 
0**H>*0'a2C"HK)'-»-fi';  they  are  insoluble  in  ether,  very  slightly  soluble  in  hot 
water  and  boiling  alcohol,  easily  soluble  in  alkalis,  the  compound  being  separated 
without  alteration  on  neutralising  the  solution  with  an  acid.  HydrovaniUoin  melts, 
with  browning  and  decomposition,  at  222^-226®  (unoorr.^  Strong  sulphuric  acid 
imparts  to  it  a  shininff  sreen  colour,  and  then  dissolves  it  with  violet-red  colour. 

The  liquid  filtered  from  the  h^drovanilloSn  contains  vanillyl  alcohol,  which 
may  be  obtained  by  agitation  with  ether,  as  a  yeUowish  undistillable  oil,  which 
gradually  solidifies  to  a  crystalline  mass.  Dilute  acids  convert  it  into  a  resin 
^anilliretin),  strong  sulphuric  add  dissolves  it,  forming  a  violet-red  liquid  (Tiemann, 
JDtmt.  Ckmn,  Gm.  Ber.  viii.  1128). 

Bodhtm-vaniiUin  (obtained  by  evaporating  an  alcoholic  solution  of  vanillin  and 
•odium  hydrate  in  eouivalent  proportions)  yields  with  acetic  anhydride  a  coumarin- 
lika  substance,  whicn,  when  boiled  with  potash,  is  converted  into  an  add  C**H*"0*, 
identical  with  the  fern  lie  acid  of  assanetida  (Tiemann,  ibid,  ix.  62). 

Etkyl^wmaUn,  or  Ethyl^nethyl-proiocateehmo  Aldehfde,  C*H>(OOH*)(OC>H»).COH, 
is  obtained  by  heating  potasdum-vanillin  with  excess  of  ethyl  iodide ;  also  by  the 
action  of  water  and  emuldn  on  coniferin  (Ist  Suppl,  1201).  When  pure  it  forms  colour- 
leas,  prismatic,  sometimes  tabular  crystals  which  are  easily  soluble  in  ether  and  alcohol, 
but  very  sparingly  soluble  in  water.  It  melts  at  64^-66^,  and  sublimes  without 
decomposition.  It  does  not  dissolve  in  potash  or  soda-ley  more  readily  than  in  water. 
Its  solutions  in  water  or  weak  spirit  are  not  affected  by  mineral  acids.  Strong 
sulphuric  add  dissolves  it  without  decomposition,  forming  a  pale-yellow  solution. 
With  strong  nitric  acid  it  readily  forms  substitution-products. 

Oxidising  agents  convert  it  into  ethyl-vanillic  acid,  O^'H'^O',  identical  with 
the  ethylmethylprotocatediuic  acid  obtained  by  oxidation  of  ethyl-eugenol  (p.  291). 

*  The  aldehyde  C*H*0"  li  Hun  osllad  either  vanillin  or  vanillic  add ;  bat  this  latter  name  belongs 
Ifnymly  to  meUiyl-protocatechnio  add,  C*H"0*,  formed  I7  oxidation  of  vanilUn  (p.  S89). 
9fdSt^.  X 


BOe  BENZOIN. 

Methyl-mniUin,  or  Dtmethfl-frotocateehuio  Mdtkyd$,  P'H"(OCH*)^.OOH,  if 
obtained  in  the  same  manner  as  the  ethyl- componncL  In  the  pure  state  it  foiM  at 
ordinary  temperatoree  a  thick  heavy  pale-yellow  oil.  It  boilB  -withont  doocnnpontioii 
at  286^,  and  solidifies  in  a  freezing  mixture  to  needles  which  melt  at  16^-20^.  With 
nitric  acid  it  yields  nitro-substitution-products.  Oxidising  agents  readily  oooTttrt  it 
into  dimethyl-protocatechuic  acid. 

Ethylvanilhn  and  methyWanillin  both  possess  a  distinct  odour  of  Taoilla.  like 
vanillin  itself,  they  are  taken  up  from  ethereal  solution  by  acid  sodium  snlphits 
(Tiemann,  ibid,  yiii  1127). 

Estimation  of  VaniUin  in  VantUa. — An  ethereal  extract  of  Tonilla,  obtained  by 
digesting  30-50  grams  of  the  finely-chopped  pods  with  three  successiva  potti<iiis  of 
ether  (2^-3  litres  in  all),  is  evaporated  to  the  bulk  of  150-200  cc.  oyer  a  steam- 
bath,  and  the  residue  is  briskly  agitated  for  10-20  minutes  with  200  ce.  of  a  miztufe 
of  equal  parts  of  water  and  a  nearly  saturated  solution  of  add  sodium  sulphite. 
After  standing,  the  ethereal  laver  is  separated,  and  the  aqueous  liquid,  whieh  now 
contains  the  whole  of  the  vanUlin,  is  placed  in  a  flask  so  arranged  tl^  a  currant  of 
steam  can  be  driven  through  it.  Dilute  sulphuric  acid  (160  cc  of  a  mixtnra  of  S 
vols,  strong  acid  and  6  vols,  water)  is  now  added,  and  as  soon  as  the  eflbrresesnesy 
due  to  the  escape  of  sulphur  dioxide,  has  subsided,  steam  is  passed  thnmgli  till  the 
gas  is  completely  driven  off.  The  contents  of  the  fiask  are  then  shaken  wrth  thvee 
successive  portions  (400-500  cc.  each)  of  ether,  which  takes  up  the  vanillin,  and  the 
ethereal  solution,  after  separation,  is  evaporated  to  15-20  cc.  over  the  steam-bath, 
care  being  taken  that  the  temperature  at  last  does  not  rise  above  60^-60^.  The 
residue  is  carefully  transferred  to  a  watch-^lass  and  allowed  to  ev^orate  at  the 
ordinary  temperature,  whereupon  pure  vanillin  crystallises  out  and  may  be  finally 
dried  over  sulphuric  acid.  Some  estimations  made  to  test  this  process  showed  a  loss 
of  1-4  per  cent  on  the  vanillin  employed.  The  amount  of  vanillin  in  samples  of 
commercial  vanilla  obtained  from  various  sources  was  found  to  vary  f^om  1*6  to  2*6 
per  cent  (Tiemann  a.  Haarmann,  Deut,  Chem,  Chu.  Ber,  viii.  1115). 

Methene-protocatechuio  Aldehyde,  or  Piperonal,  C«H«0»  «  OH«<^>0"H«— OHO.— 


On  the  formation  of  this  compound  from  the  tetrabromide  of  piperic  acid. 
Acid.    On  its  properties  and  reactions,  see  Ut  Suppl.  947  ;  2na  Suppl.  982. 


-T,  C"H**0*.     Decomposition  by  Heat. — ^Bensom  when  melted  tuns 

yellow  and  smells  of  benzoic  aldehyde.  When  boiled  it  undexgoes  partial  daeomposi- 
tion,  and  after  three  distillations,  yields  a  mixture  consisting  principally  of  banaoie 
aldehyde,  benzile,  deoxybenzoin,  and  water.  The  same  products  are  named  iHi«n  the 
vapour  of  benzoin  is  passed  through  a  tube  heated  to  low  redness  (Zinin,  J>nU,  Cktm. 
Ges,  Ber.  vi.  1207). 

Seduction, — Benzoin  treated  with  a  large  excess  of  fuming  hydriodio  aeid  at  180* 
is  converted  into  dibenzyl,  C*^H*^  The  production  of  dibenzyl  is  fiusilitated  by 
previously  converting  the  benzom  into  a  mixture  of  deoxybenzoin  and  tolng^eae 
hydrate  by  means  of  zinc  and  hydrochloric  acid,  and  then  heating  the  mixture  to  180^ 
with  hydriodic  acid  (Goldenberg,  lAebi^s  Annalen,  dxxiv.  838).  Q^ie  same  result 
has  been  obtained  by  lampricht  a.  Schwanert 

By  treating  benzoin  in  weak  alcoholic  solution  with  sodium-amalgam,  a  solution 
is  obtained  containing hydrobenzoin,  deoxybenzoin,  and  benzoin-pinacone,  O^H^O*, 
this  last  substance  being  formed  by  the  reaction  : 

C«H*.CH.OH 

C»fl».CH.OH  cmc.oH 

2  I  +  H«  =  I 

C«H».CO  Cm».O.OH 

I 
C«H».CH.OH 

Zinc  and  hydrochloric  acid  also  cause  the  conversion  of  benzoin  into  this  prodoiet; 
the  best  yield  is  obtained  by  dissolving  benzoin  in  hot  alcohol  to  saturation,  adding 
granulated  zinc,  and  then  adding,  in  very  small  quantities  at  a  time,  a  mixture  of 
nlcohol  and  hydrochloric  acid.  Benzoin  may  with  advantage  be  added  at  interval^ 
so  as  to  keep  the  solution  saturated  whilst  the'  benzoin-pi nacone  separates  out 

Benzoin-pinacone  melts  at  208°,  is  insoluble  in  watcx,  but  dissolveaiB  ether 
and  hot  alcohol,  not  in  cold  alcohoL 

According  to  Zagumenny  (Dettt,  Chem,  Ges.  Ber,  vii.  1651)  the  product  of  the 
action  of  sodium-amalgam  on  benzoin  is  not  benzoin-pinacone,  but  is  probably  identical 
with  the  compound  CH^O^  which  Limpricht  a.  Schwanert  obtained  by  the  action  of 
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•odixmi  ethjlate  on  benzene  (2nd  Suppl.  176).    Zagumenny  has  obtained  the  same 
compound  by  treating  deoxybenzmn  with  sine  and  caustic  potash. 


C«H*{NO«).NH.CO.C«H».  See  Bkkz^nilidb  (p.  167). 

or  PBWmi  OTAWZBB,  C^H^N -NC(C«H'').  On  the 
formation  of  this  compound  by  heating  benzoic  acid  with  potassium  thiocyanate,  see 
2md  Suppl  106. 

Nitrob$nMonUrih,  NC.C*H«.NO«,  and  Amidobeneonitrils,  NCCmNH* 
(Frieke^  DeMt.  Ckem.  Qes,  Ber,  rii.  1831). 

'Shib  idtrdbengonUriU  are  formed  by  the  action  of  phosphoric  anhydride  on  the 
.oocmpoxKiiitg  nitrobenzamides,  NH'.C'H^NO',  which  are  themselves  produced  by  the 
action  of  ammonia  on  the  corresponding  nitrobenzoyl  chlorides ;  and  the  amidobeozo- 
nitrilfl  are  obtained  by  reducing  the  nitrobenzonitrils  with  tin  and  gb&cial  acetic  acid. 

lietaiiUTobengcnUril,  C.CN.H.NO'.H',  forms  long  colourless  needles  melting  at 
1 15®,  easily  soluble  in  alcohol,  ether,  chloroform,  and  glacial  acetic  acid,  sparingly 
soluble  in  water.  Its  properties  agree  with  those  of  the  nitrobenzonitril  (m.  p.  1 15°) 
wfaieh  Bn^ar  obtained  by  the  action  of  faming  nitric  add  on  benzonitril  {\st  Svppl. 

PanmUrobeiuroniiril,  G'.CN.H.H.NO'.H',  crystallises  in  shining  laminse  melting  at 
147^  (139®  Engler),  easily  soluble  in  hot  alcohol,  glacial  acetic  acid,  and  chloroform. 

Metamidobmisomiril,  identical  with  the  compound  which  Griess  obtained  by  the 
action  of  cyanogen  on  amidobenzoic  acid,  and  Hofmann  by  nitration  and  amidation  of 
benzonitril  (li^  Suppl,  626),  forms  long  needles  meltins;  at  62^-58^,  slightly  soluble 
in  water,  easily  in  alcohol  and  chloroform.  Its  hydrochloride  crystallises  in  colourless 
Tery  soluble  prisms ;  the  nitrate  and  mdphaie  are  very  soluble  in  water  and  in  alcohol, 
the  lbrm«r  ofystallising  in  large  yellowish  scales,  the  latter  in  long  colourless  needles. 

Paramutobetufoniirilf  C*.CN.H.H.NH'.H',  crystallises  in  small  colourless  needles 
melting  at  110®  (at  74®  according  to  Engler),  easily  soluble  in  alcohol,  ether,  and 
boiling  water.  The  hydrochloride  rorms  small  needles  easily  soluble  in  water  and  in 
aleohd ;  the  nitratCf  small  laminaa  of  equal  solubility ;  the  eulphaie  small  colourless 
needles  (Fricke). 

BBMSOWmtOTOXiinBIBB,  0>«H»NH)«  -*  N  j  CH'NO'.  This  body  is  formed 

by  the  action  of  benzoyl  chloride,  directly,  or  better,  in  ethereal  solution,  on  nitro 
toluidine: — 

2(CH«N0«.NH«)  +  CrH»001  -   C»H«N»0«.H01  +  NH.C»HK).0'H«NO«. 

The  ether  haying  been  driven  off  and  the  nitrotoluidine  hydrochloride  dissolved  out 
by  boiling  water,  the  residual  benzo-nitrotoluidide  is  purified  by  several  recrystallisa- 
tions  from  boiling  alcohol.  It  ozystallises  in  pale  yellow  prisms,  melting  at  172®, 
and,  if  carefully  heated,  sublimes  unaltered.  It  is  soluble  in  alcohol,  ether  and  benzene, 
especially  when  these  liquids  are  heated,  insoluble  in  dilute  adds  and  in  strong  hydro- 
cmorie  acid,  but  soluble  in  oil  of  vitriol.  Boiling  soda-solution  has  but  little  effect 
upon  it,  although  it  is  easily  aoted  upon  by  alooholie  potash.  Nascent  hydrogen  con- 
verts benzonitrotoluidide,  by  substitution  of  NH*  for  NO',  into  benzoyl -to  Ivlene- 

diamine  or  benzoyl-diamidotoluene,  G^'j^j^.Qf-gsQv   (C.    A.    Bell,   Chem, 

News,  xxz.  202). 


LOJLTASOBBVZan,  G»H*(C'HH))N*0.    See  BaiczRifs  (Oxtazo-),  2nd 
Stqppl.  161. 


CRK)Cl «  C«H».000l.  This  compound  solidifies  at 
the  temperature  of  a  mixture  of  ice  and  salt  (Sperlich  a.  Lippmann,  Wien.  Akad,  Ber. 
[2  AbULl,  bdi.  613 ;  Lieben;  JAA^e  Annalen,  clxxviii.  48).  Tho  solid  chloride  melts 
at  - 1®  (liieben). 

Benzoyl  chloride  is  decomposed  by  sine,  with  evolution  of  hydrochloric  acid  and 
formation  of  a  brown  resin.  A  mixtnro  of  benzoyl  chloride  and  benzene  or  toluene 
is  also  attacked  by  zinc,  with  separation  of  hydrochloric  acid,  the  ereater  part  of  the 
benzoyl  ohloride,  m  ihet,  decomposing  in  the  same  manner  as  if  the  nenzene  or  toluene 
wero  not  present.  In  presence  of  benzene,  thero  is  formed,  together  with  much  benzoic 
add  and  very  little  bensophenone,  a  compound  which  crystafQses  from  alcohol  in  long 
thidc  red  needles,  and  melts  at  about  140®..146®  (Zincke,  Deut,  Chem.  Oes.  Ber.  v. 
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08  BENZOYL-ACBTOACETATE,  BTHYLIO- 


Poiasnum  thiocyanaie  acts  on  benzoyl  chloride  in  alcoholic  eolation,  fonni^g  efjitale 
of  benzoyl-ethyl-thiocarbamicacid  (LoBsner,  see  p.  812): — 

C'H'OCl  +  CNSK  +  C«H».H.O  =  KCl  +   HS.COJJTJ^^. 

Benzoyl  chloride  and  urethane,  heated  together  to  150^-160°,  yield  th«  eomiMmiid 
G"H>*NK)«  in  brilliant  crystals  melting  at  168°.  It  is  probably  a  bemMjIallnj^Muiic 
ether  produced  as  follows : — 

2«>{ot?'  +  <^*0C1  =  HOI  +   (OT.OH  +  OOJ^^^ 


Benzoyl  chloride  and  oxamethane  yield  hydrochloric  add,  carbon  diooridab 
acid,  and  ethyl  benzoate  (Eretschman,  Deut.  Ckem.  Ge$.  Ber,  yiii.  108). 

Benzoyl  chloride  and  cyanamide,  heated  together,  or  mixed  in  ethereal  soliitioii,  do 
not  yield  benzoyl  cy amide,  as  might  be  expected,  according  to  the  equation : 

CN.NH»  +   C»H»001  -  ON JNna(C»HH))  +  RCL; 

bnt  benzoyl  chloride  and  dry  sodinm  cyamide,  GNJ^(HNa),  give  benzoyl-ammalins^ 
benzonitril,  carbon  dioxide,  and  sodinm  chloride ;  and  the  same  substances  in  preseiiee 
of  eUier  give  benzoyl  cyamido  and  sodium  chloride  (Gerlich,  J.  pr,  Ckem.  [2],  xiiL 
270).    See  Ctakaxidb. 

With  dinitrophencl^  benzoyl  chloride  forms  a  benzoyl-deriTatiTe  which  erjstalliaes 
in  needles  and  melts  at  201°.  Alcoholic  potash  resolyes  this  compound  into  dinitio- 
phenol  and  benzoic  acid  (Goldstein,  Bull,  8oe.  Ckim,  [2],  xxvi.  294). 

BSWXOTXi-^CSTOACBTATBy  JiTH'I'UtCt 

C»H"0*  «  CH".CO.CH(OOC«H»).CO«C*H». 

This  ether,  already  noticed  (p.  13),  has  been  farther  examined  by  J.  BonnA  UaM^§ 
AnruUen,  clxxxvii.  1).  It  is  prepaied  by  digesting  a  solution  of  ethylic  acetoflodaeetato 
in  ether  or  benzene  in  a  reflux  apparatus  with  an  equivalent  quantity  of  benaqjl 
chloride.  The  action  is  energetic,  ana  the  vessel  must  be  cooled  with  ice.  The  sepaiA- 
tion  of  sodium  chloride  takes  place  immediately,  and  the  reaction  goes  on  to  the  end 
without  external  heating.  By  filtering  and  washing  the  separated  sodiiim  »JiVwidf 
with  ether,  a  yellow  liquid  is  obtained  which,  on  evaporation  of  the  solvent,  leaves  a 
brown  oil ;  and  by  repeatedly  dissolving  this  product  in  alcohol,  precipitating  with 
water,  and  finally  drying  in  a  vacuum  till  the  weight  becomes  constant,  the  henaojl- 
aceto-acetic  ether  is  obtained  as  a  thickish  liquid  having  a  &int  but  agreeable  odour,  a 
sp.  gr.  of  1' 14  at  21 '6°  (water  at  17*6°  » 1)  and  decomposing  when  somewhat  strongly 
heated,  yielding  benzoic  ether  and  benzoic  acid,  together  with  other  products  not 
examined.  By  saponification  with  alcoholic  potash,  it  yields  methyl-phenjl 
ketone,  potassium  acetate  and  carbonate,  and  etnyl  alcohol,  thus: — 

CH».CO.Ch|^;^^*  +  8H0K  -  CH'.CO.OK  +  CH».OO.CW 

+   CO(OK)«  +  H.O.CH*. 
A  little  benzoic  acid  is,  however,  produced  by  a  subsidiaiy  reaction,  probably: — 

CH«.OO.Ch|^q;^^*  +  8H0K  =  2(0H«.C0.0K)  +  0»H».CO.OK  +  HO.C«fl». 

A  similar  decomposition  is  brought  about  by  heating  with  water  to  boiling  for  a  few 
hours,  the  chief  reaction  being — 

CH».CO.Ch|^;^^*  +  2H«0  «  CH'.CO.OH  +  CH«.CO.C«H»  +  C0«  +  H.OC«H», 

whilst  a  little  benzoic  acid  is  also  produced  by  a  subsidiary  reaction. 


C'»H>«N«0«,  is  produced,  togeUier  with 
alcohol,  hydrochloric  add,  and  carbon  dioxide,  by  the  action  of  1  mol.  benzoyl  chloride 
on  2  mols.  of  urethane : — 

2C0<S^.  +   C^-OCl  =  BCl  +  C«HK)H  +  CO<^(C^^ 

The  carbon  dioxide  appears  to  be  formed  by  a  secondary  reaction.    Benzoyl-allopfaaiiie 
ether  melts  at  about  163°  (Eretschmar,  ifeut.  Chem,  Ges,  Ber,  viii.  104). 


C»H».NH(CHK)).    SeeDiFBnm,. 
AnrZOTX-AmDOVKMHOIA,   0<n\OH)NH.0OC«H*    (H.   Morse.   /JML 
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Clem.  Ou,  Ber,  Tii.  1819).  When  amidophenol  hydrochloride,  obtained  from  yolatilo 
mtsrophenol  (m.  p.  46°),  is  heated  to  160°  with  bensoyl  chloride,  a  benzoyl-amido- 
phenol  is  obtained,  which  crystallises  from  alcohol  in  colonrless  or  reddish  ^tes  and 
prisms,  haying  an  agreeable  odour  and  melting  at  108°.  With  faming  nitric  acid  it 
yields  a  dinitro>eom^onnd  in  straw-yellow  slender  needles  melting  at  108° ;  and  this, 
when  treated  with  tm  and  hydrochloric  acid,  is  converted  into  the  stannochloride  of  a 
diamido-componnd  which  crystallises  in  colourless  needles,  permanent  only  when  kept 
under  strong  hydrochloric  acid.  By  remoTing  the  tin  from  this  double  salt,  the 
hydroehloride  of  a  base  is  obtained,  cijrstallising  in  laminae,  and  from  this  salt  the 
bckse  itself  is  precipitated  by  ammonia  m  needles  which  are  not  altered  by  exposure  to 
light. 

Kon-Tolatale  nitrophenol  (m.  p.  114°)  yields  by  similar  treatment  a  nitrobenso^l- 
amidophenol,  in  the  form  of  a  dense  colourless  crystalline  mass  which  melts  with 
partial  docompoaition  at  189°.  It  is  insoluble  in  water,  slightly  soluble  in  cold 
alcohol,  and  decomposed  by  boiling  alcohol. 


>T»(»l->Bamun™,C»H"0«-C«H»--CO— Cra«— CO— C»H».  Two 
modifications  of  this  compound  are  formed  by  oxidation  of  the  corresponding  di- 
beniyl-bensenes.    See  DiphrwtL'Dxrivativxs. 

BB»XOT&-wnraozCACIB,0>«H>«0*-G*H«<^^^\  Three  modifica- 
tions of  this  acid,  a,  /3i  7t  are  produced  simultaneously  b^  the  action  of  chromic  acid 
on  bensyl-toluene,  prepared  by  the  action  of  zinc  on  a  mixture  of  toluene  and  bensyl 
chloride.  The  ftrst,  which  oystallises  in  plates  or  neecUes  meltina  at  194°-196°,  was 
discoyered  byZincke  (2nd  Suppl,  177);  the  second  by  Plascuda  a.  Zincke  {IktU. 
Ckem,  Oes.  Ber,  yL  906^,  and  the  tbird  by  Botering  {Inaug,  Di$urt  Berlin,  1876 ; 
2>MK^.  Chem,  Ges,  Ber,  yiii.  819). 

The  formation  of  these  three  acids  shows  that  bensyl-toluene,  prepared  as  aboye, 
is  itself  a  mixture  of  three  isomeric  compounds ;  and  this  conclusion  is  strengthened 
by  the  &ct  that  the  bensyl-toluene,  when  partially  oxidised,  yields  a  mixture  of  a 

solid  and  a  liquid  tolyl-phenyl  ketone,  (^Kjnm*  nn»  ^^  former  oonyertible  by 

further  oxidation  into  o-bensoyl-bensoic  acid,  the  latter  into  a  mixture  of  the  /3  and 
y  acids.  Now  the  solid  ketone  is  resolyed,  by  heating  with  soda-lime,  into  benzene 
mad  jMHia-tolQic  acid : — 

Cra«(CH»).CO.CW  +  HOH  -  C»H«  +  C»HXCH»).COOH; 

hence  it  is  itself  a  para-compound,  haying  the  methyl  of  the  group  C'H^CH')  in  the 
para-position  with  respect  to  the  CO.  Moreoyer  this  ketone  is  converted  by  oxidation 
into  »-beiuBqyl-beiUBoic  acid  (m.  p.  194°- 196°)  which  is,  therefore,  also  a  para- 
compound  : — 

CH»  OOOH 


•-Tolyl-phenyl  ketone.  a-Benioyl-benioic  acid. 

liquid  tolyl-phenyl  ketone,  on  the  other  hand,  yields  by  oxidation  a  mixture  of  $  and 
Y-bensoyl-Densoic  acids,  the  former  of  which  is  most  probably  the  ortho*compound, 
inasmuoi  as  it  is  formed  in  comparatively  laxge  quantity,  together  with  the  para-acid, 
by  oxidation  of  crude  benzyl-toluene,  and,  moreover,  is  converted  by  rinc  and  hydro- 
cnloricadd  into  a  benshydryl-benzoic  acid,  C*^'K)',  which  is  very  easily  resolved  into 
water  and  an  anhydride — a  mode  of  decomposition  which  is  known  to  take  place  with 
ortho-compounds  (e^.  salicylic  acid)  more  readily  than  with  meta-  or  para: compounds. 
The  three  benzoyl-benzoic  acids  are  best  obtained,  according  to  Rotenng,  by 
oxidising  bensyl-toluene  with  chromic  acid  mixture,  and  the  separation  of  the  a-acid 
from  the  other  two  may  be  effected,  as  recommended  by  Plascuda  a.  Zincke,  by  means 
of  the  barium  salts,  that  of  the  o-acld  being  the  least  soluble  of  the  three,  and  crystal- 
Using  out  first.  The  mixture  of  the  $  and  y-acids  obtained  from  the  mother-liquors 
may  be  freed  from  the  last  traces  of  the  o-acid  by  converting  the  barium  salts  into 
calcium  salts,  and  treating  these  with  hot  absolute  alcohol ;  the  still  adhering  o-salt 
then  remains  undissolved,  together  with  the  calcium  salt  of  another  add  (probably  a 
mixture)  melting  at  140°-146°.  Lastly,  the  mixture  of  $  and  y-acids  thus  purified  is 
repeate^y  crystallised  from  dilute  alcohol,  whereupon  the  /3-acid  crystallises  out  pure, 
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anhydride  with  excess  of  bariom  hydrate  on  the  Tvater-bath,  and  remonng  tha  «] 
of  banrta  by  carbonic  acid.  On  eyaporating  the  filtrate,  there  remained  an  mdiaCineUy 
cnrstailine  powder,  the  amount  m  barium  in  whidi  agreed  with  the  fonnla 
(Ci«H"0*)^a.2Ci«H**0<;  the  filtrate  appeared  to  contain  the  neutral  barium  Mlt 
On  repeating  the  experiment  in  an  alcoholic  solution,  there  remained  on  eraponlaon 
an  amorphous  glassy  substance,  which  redissolved  in  alcohol  without  turbiaitgr,  tad 
had  approximately  the  composition  (C>^"0')'Ba.  On  triturating  it  with  water,  a 
white  crystalline  precipitate  was  formed,  containing  only  half  the  original  amoui  of 
barium.  The  solution  of  the  calcium  aali,  prepared  in  like  manner,  left  on  efspora- 
tion  a  residue  of  almost  pure  anhydride.    The  nlver  doU  also  could  not  be  pvpand. 

The  anhydride  is  not  attacked  by  ammonia,  either  aqueous  or  alcoholic^  0fm  at 
160^  Heated  to  ISO^-liO^  irith  pkoaphorus peittachloridi^ 

and  a  mixture  of  chloranthracenes,  which  melts  at  200^-215°,  exhibits  a  ftw  Una 
fluorescence  in  alcoholic  solution,  but  is  not  resolyable  into  its  individual  caiistituMU. 
This  reaction  affords  further  evidence  of  the  relation  of  /l-beneoyl-benaoie  acid  (and 
therefore  of  orthotolylphenyl-ketone  and  orthobeniyl-toluene)  to  anthzacena. 

Bibenxojl-bonxaio  A€ida,  C**Hi«0«  «    ^^]^|c«H*.GO*H,   or  Bmto-hm- 

toylrhengoio  acids,  C^>— CO— CH^— 00— Cfi*— CO*H.  Two  acids  (a  and  jB)  of  tUi 
composition  are  formed,  together  with  an  add  having  the  composition  C'H^'O*,  by 
oxidation  of  the  hydrocarbon  (or  hydrocarbons)  C^H*",  obtained  as  a  seoondazy  product 
in  the  preparation  of  benzyl-toluene.  The  o-acid  is  resinous,  melts  at  80^-^2^,  and 
forms  uncryatallisable  mostly  resinous  salts.  The  /3-acid  crystallises  in  small  nsedles, 
melting  at  210^-212°,  insoluble  in  water,  easily  soluble  in  alcohol,  ether,  and  dikno- 
foruL  Its  salts  are  all  sparingly  soluble.  Ilie  et^lie  ether  czystallises  in  wiiits 
needles  melting  t^t  1 06*6^-107^ 

The  a-acid  distilled  with  baryta  does  not  yield  any  definite  products.  Wlisn  ftmd 
with  potassium  hydrate  it  gives  off  an  odour  of  diphenyl,  and  yields  a  Img*  f  uanti^ 
of  benzoic  acid,  together  with  a  small  quantity  of  an  in&sible  acid,  C*'H'*0*,  isouMtie 
with  that  which  is  obtained,  as  above-mentioned,  by  the  direc^  oxidation  of  tlie  fajdzo- 
carbon  O^H*  (Weber  a.  Zincke,  Deut,  Chem.  Gea.  Ber,  vii.  1158). 

BSVZOI &-»ZMBTBTXiAVZU3n,  C»H^»NO  «  0*H*.CO.CH« J^(GH^,  Is 

formed  by  heating  to  180^-200^  for  six  or  eight  hours  a  mixture  of  benaoic  add» 
dimethylaniline  and  phosphoric  anhydride,  and  purified  by  shaking  its  ethereal  aolutkii 
successively  with  alkali  and  acid,  and  crystallising  from  petroleum  ether.  It  melts 
at  38^,  boils  at  330^-836^,  is  destitute  of  basic  properties,  forms  a  crystallised  dinitro- 
derivative  melting  at  142°,  and  a  crystalline  bromG^derivativa  (0.  Fischer,  Dmi.  Cktm. 
Ges.  Ber,  x.  968). 


See  TOLYLAMIKBS.  

is  formed  by  the  action  of  lead  oxide  on  bensoyl-ethyl-thio-carbamic  add  {t^/ra) ;  the 
change  consisting  in  the  replacement  of  the  sulphur-atom  in  the  latter  by  oxygen.  It 
forms  hard  white  needles,  melting  at  110^,  easily  soluble  in  alcohol  and  ether,  bat 
sparingly  soluble  in  water.  When  treated  with  potassium  hydrate,  it  yields  potas- 
sium benzoate  and  carbonate  as  well  as  alcohol  and  ammonia.  The  potassium  sidt  is 
a  white  sandy  powder.  Ethyl  bromide,  under  pressure,  transforms  it  into  beunie 
ether,  ethylamine,  ether,  and  carbonic  anhydride  (Lossner). 

BSSZOYX-BTBTZi-OAXBAMZBB,  0>*H>>N30^  is  formed,  together  with 
mercaptan,  by  passing  ammonia  to  saturation  into  the  ethylie  ether  of  benac^l-etl^- 
sulphocarbamic  acid  mixed  with  an  equal  volume  of  alcohol : 

00/^  SSh^''  +   NH.  =  C^H^H  +  CO<S(^'XCmK)) 

It  is  neutral,  crystallises  in  rhombohedrons,  and  does  not  combine  with  sulphurie  add 
(Lossner). 

BBSrZOT&  -  BTBTXi  -  TBZOOAJtBAMZO  AOZB,  O^^H^NSCb 

^^  <^^^^*)(^^'^*^)  (Linn6  Lossner,  J.  pr.  Chem.  [2],  x.  236).    This  add  is  fonnsd 

by  the  action  of  benzoyl  chloride  on  potassium  thiocyanate  in  alcoholic  solution : 

C»H»0C1  +  CXSK  +  C«H«0  «=  KCl  +  C^ff^KSO*. 

Benzoyl  chloride  is  p^radually  added  to  a  moderately  concentrated  solution  of  potaminm 
thiocyanate  in  absolute  alcohol  contained  in  a  large  flask,  till  a  distinct  white  predpi- 
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tale  of  ealeinm  chloride  is  produced.  The  potaeaiiim  thioejanate  should  be  in  slight 
axoees,  otherwise  some  of  the  benzoTl  chloride  will  be  conTorted  into  ethyl  benzoate. 
The  reaction  is  attended  with  considerable  rise  of  temperature  and  tume&ction  of  the 
liquid.  On  decanting  the  alcoholic  liquid,  and  pouring  in  water,  with  constant  stirring, 
tiU  it  becomes  milky,  the  bensoyl-ethyl-thiocarbamic  add  separates  in  hard  yellow 
cxyitals,  which  must  be  washed  on  a  filter  with  water,  till  the  wash-water  is  no 
lopger  reddened  by  a  ferric  salt,  then  pressed  between  paper,  dissolved  in  alcohol  of 
80  pear  cent,  and  precipitated  by  water  as  before. 

The  dTstals  tans  obtained  are  well-defined,  rather  long,  hard  prismatic  needles  of 
■ulphnr-yellow  colour,  veiy  slightly  soluble  in  water,  easily  in  alcohol  and 
They  melt  at  78M4^ 

BensoTl-ethyl-thiooarbamic  add  is  resolved  by  heat  into  ethyl-mezcaptan,  benso* 
Bstril,  and  carbon  dioxide : 


C»»H»NSO' 


0«H»SH  +  O'HKJN   +  00«. 


Hsated  with  potaah-aolution  it  yields  benzoate,  thiocyanate,  sulphide,  and  carbonate 
of  potamum,  together  with  alcohol  and  ammonia ;  thus : 

C»»H"NSO«  +  2K0H  -  C«H».CO«K  +   CNSK  +  C«HK)H  +  H«0, 
and 

C»*H»>N80«  +  6K0H  -  0«H».00«K  +  CCPK«  +  SK«  +  NH«  +  0*H»OH  +  H»0. 

^lese  reactions  establish  the  constitutional  formula  above  given. 

Poiia$$imm  Beiumyl-etM/l-thiooarbamate  is  best  prepared  b^r  adding  a  solution  of 
potassium  hydrate  in  alcohol  to  an  alcoholic  solution  of  the  add,  and*  reerystallising 
mm  aledhoL  It  crystallises  in  small  needles,  is  veiy  soluUe  in  water,  less  soluble 
in  alcohol  and  ether. 

The  9Utfer  $alt  is  white  and  fiocculent,  and  turns  black  on  boiling ;  the  lead  taJU 
has  a  similar  appearance,  and  is  also  unstable.  Mercwrio  chloride  produces  a  finely 
divided  white  predpitate,  which  may  be  boiled  in  water  without  decompodtion. 
Cmwr  mUpkate  gives  rise  to  a  greyish-green  predpitate,  which  blackens  on  heating. 

The  ethjfUo  idAer  is  formed  by  cohobating  the  potassium  salt  with  ethyl  bromide, 
as  a  yellow  heavy  oil,  which  cannot  be  d&tilled  without  decompodtion.  Treated 
with  potasdum  hydrate,  it  yidds  bemsoate  and  carbonate  of  potassium,  ammonia, 
aleohd,  and  mercaptan.  When  the  ether  is  heated  in  a  tube  to  106°,  crystals  mdting 
at  128^-129°  are  formed,  which  have  not  been  investigated. 


0»H>H)»  -  Cra».OO.C«H^OO«H)« 
(Blatabecker,  BmU,  Ckem,  Gee,  Ber,  ix.  1761).  This  add  is  produced  by  the  oxidis 
ing  action  of  chromic  acid  on  bensyl-isoxylene  (prepared  from  commercial  xjrlene,  and 
probably  a  mixture  of  meta-  ana  para-xylenel.  It  is  sparingly  soluble  in  water, 
chloroform,  and  toluene,  freely  in  alcohol  and  etner.  On  adding  water  to  its  alcoholic 
solution,  it  separates  in  crystalline  crusts  melting  at  278^-280°.  The  potaeeimn  eaU 
is  readily  soluble  in  water  and  crystallises  in  square  plates.  The  barium  eaU^ 
0*H*.OO.CfH'(00*)'Ba  +  HK),  separates  in  glistening  needles  from  its  aqueous  solu- 
tion OQ  addition  of  alcohol.  The  ealeinm  eaU,  0<H*.CO.0'H*.(0O*)'Ca+H'O,  forms 
needles  or  plates.  The  eHver  eaU  is  a  white  insoluble  powder.  By  treating  it  with 
ethyl  iodide  the  ethylic  ether  is  obtained,  crystallising  in  needles  and  melting  at  94®. 
The  methylic  ether  is  a  similar  body  melting  at  117^-118®. 

Bensoyl-isophthalio  add  treated  with  dnc  and  hydrochloric  acid  is  converted  into 
benahydryl-isophthalic  acid,  0»H'«0»  -  d«H«.CHOH.C^^;CO«H)«,  which, 
however,  like  3-benzhydryl-bensoic  add  (p.  816),  is  very  unstable,  and  at  once  chaogee 

C«H»— OT-C^«— CO«H 
into  the  anhydride,  CP*Hi«0«  - 


i_^ 


See  MoBPHnrs. 


or 


TmoTAUPAMiDBs,  undcr  Oaubamtdbs. 


I.      See  NAPHTHTLAMIDn. 


See  ToLTLBNB-DIAMnfSS. 


See 


As  radide  O'^-  — CH*(0«H*).   Phenyl-methyL'-ln  the  free  state, 
CP*H"=C«H»— CH«--OH«— era*.    See  DiBHMBTi. 


A&OOBO&,  (7HH)»C*H*.CH>0H.  This  alcohol  occurs  in  small 
quantity,  together  with  bei^dehyde,  prusdc  acid,  and  a  fragrant  resio,  in  the 
volatile  oil  of  cherry-laurel  (miden,  Pkarm.  J.  Trane,  [3],  v.  761). 
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It  18  formed,  and  may  perhaps  be  advantageously  prepared,  by  the  action  of 
and  Bodiiim-amalgam  on  benzamide : 

0«H».CONH«  +  H«  -  NH»  +  C«H».OOH 
Benzamide.  Benuirtehyde. 

and  C»H».COH  +   H«  -  0«H».OHK)H 

Benialdehyde.  Beiugrl  alcohol. 

(Quareachi,  Gaze,  ckim.  it€U.  it.  465). 

Benzyl  alcohol  heated  to  140^  with  hydriodie  acid  (b.  p.  127),  and  piKMplioni, 
is  reduced  to  toluene,  together  with  very  small  quantities  of  high*boiling  oompovB^iL 
In  preeence  of  phoephonis,  this  reaction  may  be  carried  out  even  with  a  quantity  of 
hydriodie  add  insufficient  for  the  formation  of  bem^l  iodide,  provided  the  iemperatitv 
be  raised  to  170^-190°  (Graebe,  Deut.  Chem,  Ges,  Ber,  viii.  H)64). 


CH'.CIP.CN.  This  compound,  heated  for  sevazil  daji 
on  the  water-bath  in  a  reflux  apparatus  with  an  alcoholic  solution  of  potassiam 
hydrosulphide,  is  converted  into  o-toluamide  or  phenylaeetamida, 
C*H\CH'^.GO.NH>,  which  may  be  obtained  in  dazzling  white  crystals  by  distiUing  df 
the  alcohol  after  the  evolution  of  ammonia  has  cea^Dd,  washing  the  residual  hnva 
mass  with  cold  water,  and  recrystallising  it  from  alcohol,  with  addition  of 
charcoal  (Weddige,  J,  pr,  Chem.  [2],  vii.  09). 


rZYXv  BJLXiOIB  BTKBR8  07.— These  ethers,  when  acted  uponbf  silnr 
nitrite,  do  not^yield  nitro-derivatives  of  toluene.  On  treating  the  iodide  in  tUs 
manner,  nitrogen  dioxide  is  ffiven  off,  and  the  benzyl  is  oxidised,  yielding  ddcly 
benzaldehyde  and  benzoic  add  (van  Benesse,  Deui,  Chem,  Crea,  Ser,  ix.  1464).  Simihr 
results  have  been  obtained  by  H.  Brunner  (ibid,  744).  With  benzol  chlorida  andsflvsr 
nitrite,  non-azotised  bodies  ot  high  boiling  point  are  obtained,  including  naihntttut, 
together  with  benzaldehyde  and  benzoic  add. 

Bramobeamjl  Bromldep  C*H«Br.OH'Br  (G.  L.  Jackson  a.  W.  Lowxy,  Dmi.Ckm, 
Ges,  Ber,  viii.  1672;  Jackson,  ibid,  ix.  931).  The  three  modifleatioos  of  tfaia  eon- 
pound,  difiering  from  one  another  by  the  relative  positions  of  the  radicles  Br  and 
GH^r,  are  obtained  by  passing  bromine-vapour  into  the  oorrespondiog  bromololnsMt 
at  the  boiling  heat. 

Parabramobengyl  bromide,  G'.OH^r.H.H.Br.H*,  is  ^spared  by  boiling  the  mix- 
ture of  para-  and  ortho-bromotoluene  formed  by  the  action  of  bromine  on  tolnsM  la 
the  cofd,  and  passing  into  the  boiling  liquid  the  vapour  of  an  equal  weight  of  bramim. 
The  product  is  purified  by  distillation  with  steam.  It  crystallises  from  alcobiol  in 
needles,  having  an  agreeable  aromatic  taste  and  melting  at  61*^.  The  vapour  stiOQ|j|lT 
attacks  the  eyes,  nose,  and  throat  The  substance  sublimes  in  needles  and  bums  wita 
a  smoky,  green-bordered  flame.  It  is  violently  attacked  by  a  mixture  of  potasam 
bichromate  and  sulphuric  acid,  and  yields  an  acid  melting  at  289^ — 240^. 

Meiabromobengyi  bromide  is  formed  by  passing  the  vapour  of  bromine  into  boiliag 
metabromotoluene.  The  yield  is  very  small.  It  ciystallises  in  white  needles,  of  an 
agreeable  odoor  distinct  from  that  of  the  para-compound.  It  melts  at  41^.  Vd^ 
tilises  vezy  easily  in  ether- vapour.  By  oxidation  with  chromic  acid  it  yields  an  and 
which  crystallises  in  needles  and  melts  at  161°, 

Orthobromobensyl  bromide  is  obtained  by  passing  the  vapour  of  bromine  intoboQiBg 
orthobromotoluene.  In  this  case  the  bromine  is  absorbed  much  less  readily  than  in 
either  of  the  previous  cases.  The  product  could  not  be  fully  purified,  owing  to 
partial  decomposition  during  distillation.  It  forms  a  colourless  oil,  which  does  not 
solidify  at  — 16°.  The  vapour,  like  that  of  the  preceding  compounds,  attseks  tbs 
mucous  membranes.  It  is  not  aflfected  by  a  mixture  of  potassium  bichromate  and 
sulphuric  add. 

In  order  to  estimate  the  relative  facilities  with  w^ich  the  bromine  in  the  latsnl 
chain  of  these  three  isomerides  can  be  replaced,  Jackson  heated  in  a  water-bath  three 
small  flasks  containing  a  mixture  of  4  grams  of  each  of  the  three  bromides  with  2 
grams  of  sodium  acetate  and  20  c.c.  of  absolute  alcohol.  After  about  half  an  bofv 
the  flasks  were  allowed  to  cool,  and  the  amount  of  sodium  bromide  which  had  fbnned 
in  each  was  estimated  by  predpitation  with  silver  nitrate.  It  wsis  thus  found  that 
the  amounts  of  bromine  eliminated  from  4  grams  of  the  para-,  meta^,  and  oithcMOm- 
pounds  were  0*3927,  0'28S4,  and  0'0907  grams  respectively,  which  nnmbers  an  in  the 
ratio  of  1  :  3*179  :  4*329.     The  square  roots  of  these  latter  numbers  are — 

1,  1-783,  2081. 

Now  if  in  a  regular  hexagon  four  eouaQCu!dv<&  au^oa  \i^  ^\]^vw:^a1\Kdb^tluiUtbsa 
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t^bfCtd,  the  len^iUu  of  Btnight  linea  joining  the  angles  a  and  6,  a  and  c,  and  a  andd 
v^peetivelj  are  in  the  mtio  of 

1  1732      :      2 

The  Btriking  coincidence  of  these  two  series  of  numbers  (dne  allowance  being  made 
'at  unaToidable  errors  of  experiment)  may  give  some  support  to  the  hypothesis  that 
ihe  diflbienoes  in  the  fi&dlity  of  replacement  depend  upon  the  distances  between  the 
Momiiie^toms  in  the  molecule,  and  that  the  amount  of  replacement  increases  with  the 
iqiuao  of  this  distance. 

BeBi^ri  OhlotUtot  OH*.CHH)l.  Reaction,  1.  With  Water.— When  benzyl 
shloride  is  heated  with  water,  the  first  product  obtained  is  the  chloride, 
y*H»Ca  «  C*H».CH«.C*H«.CH«C1,  which,  by  elimination  of  HQ,  may  be  converted  into 
;lie  hydiocarboQ  CfH**,  or,  by  fiirther  action  of  the  benzyl  chloride,  into  the  chloride, 
T^H^Cl,  which  then  undergoes  similar  transformations.  By  the  action  of  water  on 
iieee  chlorides,  the  correroonding  alcohols  and  ethers  are  produced.  The  crude  pro- 
laet^  freed  by  a  stream  of  aqueous  yapour  from  undecomposed  bem^l  c^oride,  and 
bhen  distilled  under  ordinary  pressure,  yields  chiefly  hydit>chlorio  acid,  water,  benzyl 
sliloride,  bensyl-toluene,  and  resinous  or  yisdd  hydrocarbons,  which,  whenAirther 
beatod,  yield  anthracene  and  toluene,  together  with  small  quantities  of 'other  sub- 
itancea.  The  anthracene  and  benzyl-toluene  are  not  contained  in  the  crude  product, 
but  are  formed  during  the  distillation.  When  the  crude  product  is  distilled  in  a 
faeaum,  the  decomposition  of  the  chloride,  C^H^Cl,  is  less  energetic,  less  hydrochloric 
idd  being  given  ol^  and  large  quantities  of  benzyl  chloride,  benzyl-toluene,  and 
BMinoiis  hy£ocarbons  being  formed.  These  latter  are  obtained  as  masses  resembling 
ecdophoi^;  they  melt  below  100®,  boil  without  decomposition  in  a  vacuum,  but  when 
heated  under  ordinary  pressure  are  immediately  resolved  into  antliracene  and  toluene. 
The  chloride,  G*  V*C1,  boils  in  a  vacuum  at  204^-206®,  with  partial  decomposition, 
ind  yields,  by  distillation  under  ordinary  pressure,  benzyl  chloride,  benzyl-toluene,  and 
i  xendue  which  subsequently  yields  anthracene  and  toluene.  The  distillation  of  the 
smde  product  also  yields  a  small  quantity  of  a  hydrocarbon  boiling,  under  a  pressure 
>f  20  to  30  mm.,  at  264®-267°>  a  solid  hydrocarbon  melting  at  a  lower  temperature, 
bensoic  aldehyde,  and  anthraquinone.  The  benzvl-toluene  formed  in  these 
ieeomposittoiis  yields  by  oxidation  »-benzovl-benaoic  add,  and  a  small  quantity  of 
inoftlier  acid,  probably  /3-benzoyl-benzoic  acid  (Weber  a.  Zincke,  DnU»  Chmn.  Ges,  JB^r. 

2.  With  sodium-amalgam. — Benzj|rl  chloride,  heated  for  some  time  to  100^-120® 
with  "water  and  todmm-amaigam  containing  1  per  cent,  sodium,  gives  off  Inrdrochloric 
acid,  and  yields  a  small  quantity  of  stilbene,  together  witii  oily  promicts  which 
begin  to  bofl  at  800®,  and  do  not  contain  mercury  (Anmheim,  IhtU,  Ohem,  0^8,  Ber. 

TmTuoe). 

3.  With  Methylal.  By  adding  sulphuric  acid  to  a  well-cooled  mixture  of 
methylal  and  benzoyl  chloride,  dichlorodimethylphenylraethane, 
CR%CR\CBKjif,  is  obtained,  which  crystallises  from  chloroform,  methyl  alcohol  or 
aeetone,  in  brilliant  white  pktes  melting  at  106®-108®  (Weiler,  Ufid.  vii.  1186).  See 
MBXHAiai-DHBivATivBi  aud  MsTHTULIm 

4.  With  Aromatic  Hydrocarbons.  When  benzene  audita  homdogues  are 
heated  with  benzyl  chloride  and  powdered  zinc,  a  series  of  hydrocarbons  is  produced, 
having  the  general  formula  C"H**~*\  viz.  benzyl-benaene,  C"H*',  benzyl-toluene, 
C>«H>«,  benzyl-xylene.  C»»H»»  &c  (2nd  Sumpl.  182). 

In  the  case  of  'betuene,  the  higher-boiling  portion  of  the  distillate  contains  two 
iBodifieatioB«ofdibenzyl-benzene,CH'(CrH')';  to JiMfM  similariy  treated  yields,  in 
addition  to  monobensyl-toluene,  a  quantity  of  higher-boiling  liquid  consisting 
mainly  of  poly-benzylated  toluenes,  or  allied  nydrocarbons,  together  with 
BBaller  quantities  of  anthracene,  and  liquid  hydrocarbona  probably  not  related  to 
tolnene»  bat  formed  by  deeompoeition  of  benrjrl  chloride  (see  BKHZTL-roLuxini  under 
DiPBBiTL-DERiVATiVBs) ;  and  naphthalene  in  like  manner  yields,  together  with  a  lar^o 
qaantity  of  resin,  a  thick  oily  liquid,  which,  according  to  Zincke,  deposits  crystals 
only  alter  lone  standing;  according  to  Frot6  a.  Tommasi,  on  the  other  hand,  it  partly 
aolidifiee  in  the  receiver,  the  aolid  aubstance  thus  obtained  consisting  of  benzyl- 
naphthalene,  C^*W{Cn3?), 

Aeoording  to  Zincke,  most  aromatic  hydrocarbons  of  high  boiling  ^nt  behave  in 
a  similar  manner  with  benzyl  chloride  and  zinc,  the  benzyl  chloride  itself,  however, 
being  partly  decomposed  by  the  heat  into  hydrogen  chloride  and  resinous  products 
{Deui,  Chem.  Gee.  Ber,  vi.  187). 

6.  With  naphthylamine,  in  presence  of  a  small  quantity  of  zinc  powder,  benzyl 
chloride  yields  benayl-naphthylamine,  NH((7H^Ci*H')  (Frote  a.  Tommasi, 
BmlL  See.  Chim.  [2],  n.  67)l    See  Nafbthtlamikx. 
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blX  smiMMZDmm  (C.  L.  Jackflon,  IMk^s  Aimakn^  dsdx.  1 ;  IM. 
Chem.  Ges.Ber,  tIL  111,  1277).  The  mmoMlenidc,at 8denbeiu;yl,  (CTHO^, is lonDtd 
by  the  action  o£  benzyl  chloriae  on  a  solution  of  phosphozuB  pentaflelenioe  in  akphohc 
soda.  The  solution  when  eTapozated  first  deposits  the  monoselenide  in  wbtie  nasdki^ 
and  afterwards  the  diselenide  m  yellow  scales. 

The  monoselenide  may  be  purified  by  recrystallisation  from  aloohol  or  etlurj  aad 
is  thus  obtained  sometimes  in  needles,  sometimes  in  broad  weU-definsd  pnflM^ 
especially  when  an  excess  of  benzyl  chloride  has  been  used  in  its  prepaxation.  It  has 
a  mint  odour,  melts  at  46*6^,  is  insoluble  in  water,  easily  soluble  m  alcohol  sod  ethn; 
and  bums  with  a  smokr  flame  exhibiting  the  blue  colour  of  selenhuL.  PCsfsw 
ohloridt,  added  to  its  alconolic  solution,  throws  down  the  compound  2{U'll'fBsLPU3l*, 
as  a  yellow  powder  slightly  soluble  in  alcohol,  insoluble  in  water. 

Selenbensfl  nitrate  is  obtained  by  gently  heating  the  manoseJenide  with  idtrie 
acid  as  a  white  mass,  which  czystailises  from  alcohol  in  rhombic  prisms  meltiitt  at 
88®,  insoluble  in  water,  easily  soluble  in  alcohol,  sparingW  in  ether.  TbB  alw&Bc 
solution  of  this  nitrate  gives  with  hydrochloric  acid  a  white  precipitate  of  siUs- 
benzyl  chloride,  which  czystallises  from  alcohol  in  yellow  neeoles,  deeon^onf 
below  the  boiling  point  of  alcohol,  with  separation  of  selenium  and  emission  of  Tuom 
which  haye  the  ooour  of  benzyl  diloride.  On  treating  the  nitrate  with  kmMlnmk 
aoidf  selenium  is  immediately  deposited,  and  yapours  are  giTen  off  whka  stra^ 
irritate  the  eyes.  The  same  efiects  are  (nroduced,  though  less  quickly,  by  bsomids  i 
sodium.  Potassium  iodide  forms  in  the  solution  of  the  nitrate  a  yellow  ptecJyilats 
which  soon  turns  brown. 

From  the  reactions  just  described  the  chloride  and  bromide  of  selenboiq^  W*v 
to  decompose  in  the  manner  represented  by  the  equation : 

(CTH^^SeBr*  -  Se  +  2(7H»Br. 

Beneyl  diselenide,  (CTH^^Se*,  is  best  prepared  by  boiling  sodium  selenide  with 
alcohol  and  benzyl  chloride  for  sereral  hours  in  a  Hast  with  rerersed  condenser.  It 
czystallises  from  alcohol  in  unctuous  yellow  scales,  which  when  enosed  to  smishiM 
decompose  on  the  surfiace,  and  acquire  a  fine  red  colour.  It  is  nearly  inodotons  wbm 
pure ;  melts  at  90®,  remaining  fluid  for  a  long  time ;  bums  with  a  smokj  flams^  o- 
hibiting  the  blue  colour  of  selem'um ;  is  insoluble  in  water,  easily  soluble  in  botk  less  ia 
cold  alcohol,  still  less  in  ether.  When  boiled  with  oojiper  or  silrer  it  girei  wf 
selenium.  It  is  not  acted  upon  by  hydrechlorio  acid,  but  is  oridised  hr  nitzie  leil  to 
benzyl-selenious  acid,  C^H^SeO.OH  (p.  321).  With  methyl  iodide  it  fanm 
trimethylselenonium  iodide,  (GH*)^*!,  and  probably  hmEji  iodide  (p.  tSl). 


COOTAWAXa,  (TH'SeQN,  produced  by  the  aetioiiof  biagi 

chloride  on  potassium  seleniocyanate,  crystallises  in  white  prismatic  needles  hsviH 
a  much  more  repulsiye  odour  than  the  thiocnranate.  It  melts  at  71'6^»  is  Hisniiwi 
in  water,  but  dissolves  readily  in  hot  alcohol  or  ethers. 

Niirobentyl  selemoet/anate,  CrH*(NO')SeCN,  obtained  by  treatiiig  the  weerii^g 
compound  with  cold  fuming  nitric  acid,  or  by  the  action  of  nitrobenaji  emorids  si 
potassium  seleniocyanate,  forms  groups  of  white  needles,  melting  at  ISS'ff®,  od 
haying  a  less  powerful  odour  than  the  seleniocyanate  of  beniyL  It  isneariyii- 
soluble  in  water  and  in  alcohol,  but  dissolves  in  aqueous  sal-ammoniac  (O.  L.  JadE- 
scm,  Deut,  Chem^  Ges,  Ber.  viii.  821). 


8V&PBIBB,  (CE'yS.    According  to  MSreker  (▼.  869),  tUi 

pound  crystallises  from  its  solution  by  slow  evaporation  in  long  needbSv  bj  njpid 
cooling  in  lamiiue.  Forst,  on  the  other  hand  (Liangs  Jnnalen,  dxxviii,  870>  fladi 
that  it  never  crystallises  in  needles,  but  that  it  separates  from  ether  or  chlomDni 
always  in  large  thick  tablets  melting  at  49^-^0^.  Aooezding  to  measoiMMBts  hf 
G.  Bodewig,  these  crystals  belong  to  the  orthorhombio  aystem,  having  sometJaBas  ai 
elongated,  sometimes  a  very  short  prismatic  development^  with  much  distortm  is 
the  latter  case.  Axial  ratio  a  :  6  :  0  »  0*8126  :  1  :  0*5160.  OombisBtios 
ooPoo  .  ooPoo  .  ooP.P. 

According  to  Barbier  (Compt.  rend.  Ixxviii.  1772),  benrjrl  sulphide  when  distilkd 
yields  stilbene,  G>^",  and  stilbene  sulphide,  0>«H>9.  /orst,  on  the  other  hand,  is 
of  opinion  that  the  sulphur-compound  thus  obtained  was  probably  impure  tolallyl- 

C»H«— r 
sulphide. 


!_§>• 


BXirziX-AOBTZO  ACZB8  (Lydia  Sesemann,  Inauffwad  DiaaertaHm,  Siziflfa, 
187^ ;  JJetU,  Chem  Ges,  Ber.  yi.  lOB^V    ^^^^  ^*^  ^«lIow  eolid  yzodoct  obtained  by 
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gndnallj  heating  aoetie  ether  with  sodium  to  ISO^*  is  mixed  with  bensyl  ehlonde,  and 
th«n  heated  to  200^  in  a  flask  fitted  with  a  reyersed  oondenser,  ethjlie  ethers  of  bensyl- 
acetie  and  dibensyl-acede  aeid  are  formed,  the  reaction  being  expressed,  according  to 
tha  Tiews  of  Frankland  a.  Dnppa,  by  the  following  equations : — * 

CH«Na  OH«.OH«.0«H» 

I  +  C1.0H«.0"H»  -  Naa  +    I 

co.ocra*  oo.oo"H» 

BhjIiobaDsjlMState. 

OHNa>  CH(OH«.0«H»)« 

I  +  2(aOH».0*H»)  =  2Naa   +     I 

00.00*H»  OO.OCH" 

BChylto  dlben^ylMslitab 


Enruo  BtaarLkOMrAxa,  CB*{GV),OOKm\  is  a  limpid  liqnid  boiUi^  at  246<>- 
860^  and  haTing  a  firoitj  small.   The  acid  contained  in  it  ii  iaentical  with  that  deseribed 
the  names  homotolidc  hjdrocinnamic,  and  phenyl-propionic 


BniTUO  DramnJuarrATB,  OH(C'fl']^.GO'0'H\  forms  a  golden-yellow  fragrant 
oil,  which  boila  aboye  800®.  On  saponifying  it  and  decomposing  the  salt  with  hydro- 
ehloric  add,  the  free  acid  if  obtained,  which  crystallises  frcnn  petrolenm-naphtha  in 
q[Dadratic  prisms  melting  at  86® ;  it  is  insoluble  in  water,  but  dissolyes  readily  in 
alcohol  and  ether.  The  barium  »ait,  [(0«H*.0Hp*0H.00'1«Ba,  is  a  dense  white  prf«- 
dpitate,  which  is  insoluble  in  cold  water,  sparingly  aoluble  in  boiling  water,  and 
crystallisea  from  it  in  fine  white  needles.  The  caicium  salt  is  a  similar  predpitate, 
containing  1  moL  of  water,  and  the  silver  salt  forms  a  iloceulent  and  perfeetlj  iir- 
solnble  precipitate.  An  aqueous  solution  of  the  anunonium-salt,  containing  10  per 
cent,  gaye  the  following  characteristic  predpitates: — 

In  the  oold.  On  beating. 

Ferric  chloride        •  .    Fale-^ellow  Ochre-yellow. 

Oobalt  nitrate         .  .    Reddish-yiolet.  Dark-yiolet. 

Manganese  chloride  White.  Brownish-yellow. 

Nielul  sulphate  .        .    White  Apple-oreen ;  on  cooling  fine 

needles  separate  out. 

Copper  nitrate  •    Light-blue  Dark-green. 

By  the  action  of  phosphorus  pentachloride  on  the  add,  no  chloride,  but  apparently 
a  aabatitution-produ^  was  obtained.  When  barium  dibensylacetate  is  heated  with 
soda-lime,  some  benzene  ia  formed,  and  dibenaylmethane,  CH*(CH'.0'H*)P,  an 
oQt  liquid  boiling  aboye  800^.  On  adding  it  in  small  quantities  to  warm  Aiming 
nitric  add,  dinitrodibensylmethane,  CH*(CH*C^«NO*^',  is  formed,  separating 
from  a  adution  in  petroleum  naphtha  as  a  pasty  mass,  which  by  washing  with  carbon 
sulphide,  is  conyeited  into  an  amorphous  jpowder  melting  at  186®. 

The  ibnnation  of  the  aboye  two  adds  is  quite  analogous  to  Frankland  and  Duppa's 
■yntheais  of  bu^ric  and  diethylacetic  adds,  &c.  But  while  these  chemists  obseryed 
at  the  same  time  the  formation  of  carboketonic  ethers,  bensyl  chloride  does  not  form 
similar  compounds.  This  shows  that  the  latter  compound,  which  belongs  at  the 
same  time  to  the  aromatic  and  the  fotty  group,  does  not  behaye  exactly  as  the  haloid 
sthers  of  the  ethyl^eries. 


..^ -     AOaXATB  arST&IO,  O^H^'O*      - 

0H^.C0.GH(GH*.OH*).00.00^,  is  formed  by  the  action  of  bensyl  chloride  on 
eih]^  aoetosodacetate  (p.  18).  When  deconoposed  by  an  alkali,  it  yields  methyl - 
phenylethyl  ketone,  GH*.OO.OH'.OH*.CH*,  boiling  at  286^' (Ehiiich,  Deut.  Ckem, 


Get.  Bar,  yiL  892). 


and  AMZDO-  (Strakoscb,  Dtut,  CUm,  Gee, 
Bar,  Ti.  1056).  The  nitzo-bases,  secondair  and  tertiary,  are  formed  by  the  action  of 
ammonia  on  nitrobensyl  diloride,  C'H'(N0').C1,  and  the  corresponding  amido-bases 
by  treating  the  nioo-bases  with  tin  and  hydrochloric  add.  The  primary  nitro-  and 
amido-bases  haye  not  yet  been  obtained. 

Niirohengylaminee, — ^To  prepare  these  bases,  nitrobensyl  chloride— obtained  by 
gradnallj  adding  benzyl  chloride  to  fuming  nitric  acid  cooled  to  — 16®,  till  the  mixture 
assumes  a  dark  brown  colour,  pouring  this  mixture  into  cold  water  and  crystallidng 
the  washed  and  pressed  predpitate  from  alcohol— is  heated  to  100®  with  aqueous 
ammonia,  whereby  a  brown  mass  is  obtained,  which  dissolyes  for  the  most  part  in 

•  n  Bdfhi  atao  be  iciaiptwl  aooording  to  the  yiewv  of  WUUoeniii  elmdy  explained  (pp.  11-11). 
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hydrochloric  acid,  yieldixig  the  h jdrochloride  of  secondarj  nitrobeoBjUaiic, 
^^qIq^^NHHCI.    This  salt  ciTBtalliBes  in   lostrons,  yellow  prismt,  vUd 

melt  at  212^»  and  are  difficultly  soluble  in  water,  alcohol,  and  hot  hydrodilorie  add. 
With  platinic  chloride  it  forme  a  double  salt,  (C>«H»N*0«HGl)^PtCl\  ayKama^ii 
pale  yellow  needles,  almost  insoluble  in  alcohol  and  in  hot  water.  The  free  btii^ 
obtained  by  precipitating  the  hydrochloride  with  soda,  cnrstalliMS  from  aleohol  ii 
large  shining  plates  of  a  yellow  colour,  melting  at  93^,  soluble  in  hot  alcohol,  bet  ia- 
Boli^le  in  water  and  in  ether.  It  seems  to  be  capable  of  distilliiig  alone  wiJAmk 
decomposition,  but  does  not  Tolatilise  with  yapour  of  water. 

After  the  secondary  nitrobenxylamine  has  crystallised  out  firom  the  solitiM 
obtained  by  treating  the  original  product  with  hydrochloric  add,  a  anaU  qoaiiti^  of 
an  isomeric  base  may  be  precipitated  from  the  mother-liquors  by  soda.  Its  hyoro- 
chloride  crystaUises  in  white  nodules,  which  melt  at  about  178°,  and  ara  modsntify 
soluble  in  alcohol,  hot  water,  and  hot  hydrochloric  add.  The  free  base  likswin 
oystallises  in  yellow  nodules  which  aro  insoluble  in  water. 

The  portion  of  the  original  product  insoluble  in  hydrochloric  add  oonsiBlsef 

tertiary  nitrobenzylamine,  O'H^NO'.OH^-^,  and  may  be  porifled  hy  eni- 

OH«N0«0HV^ 

tallising  it,  first  fron^  nitrobensene,  and  subsequently  from  gladal  acetie  add.  It 
forms  white  lustrous  needles,  which  melt  at  168°,  and  are  insoluble  in  water  or  ia 
ether,  and  only  very  slightly  soluble  in  hot  alcohol.  It  is  also  formed  b^  djgiitiii| 
secondary  nitrobenzylamine  with  an  alcoholic  solution  of  nitrobenzyl  chlonde  at  lOCr 
for  about  fbur  hours. 

As  the  action  of  ammonia  on  bexisyl  chloride  yields  all  three  amines,  it  midit  U 
expected  that  primary  nitrobenzylamine  would  be  jormed  together  irith  the  other  oasMb 
Such,  however,  is  not  the  case ;  neither  can  this  compound  be  formed  firom  seeonduy 
nitrobenzylamine  by  treatment  with  hydrochloric  acid  at  a  high  tempevatoxe. 

AmidohengylamineB, — Secondary  amt(20&0arv2amtfM is  produced  fdien  the  eont- 
sponding  nitrobenzylamine  is  reduced  by  tin  and  hydrochloric  add.  The  iMrveUsrtfe, 

0*H^NH*  OH^^^'^^^  obtained  by  decompodng  the   stannochloride  with  nl- 

phuretted  hydrogen,  crystallises  in  white  lustrous  scales,  which  ai«  inaohhle  in 
alcohol  and  ether,  easily  soluble  in  water,  less  so  in  hydrochloric  add.    The 

ciWor«fo,^^^*^2^'|N.3HCl.PtCl*,  crystalUses  in  large,  reddish  yeUow 

easily  soluble  in  hot  water,  but  insoluble  in  alcohol.  The  free  hate,  prsdpitated  fnm 
an  aqueous  solution  of  the  hydrochloride  by  soda,  crystallises  in  glistening  needles  or 
plates,  which  melt  at  106°,  and  are  soluble  in  hot  water,  alcohol,  and  ether.  It  may 
be  distilled  without  decomposition,  and  becomes  coloured  by  exposure  to  the  air.  The 
sidphate  and  nitrate  form  easily  soluble  needles. 

Tertiary  AmidohenzylanUne,  C«>H»N«  ^  C>H'NH>.GH^^.    The  prolonged  adioo 

of  tin  and  hydrochloric  acid  on  tertiary  nitrobenzylamine,  cause  the  tertiaiy  amido- 
compound  at  first  formed  to  split  up  into  secondary  amidobensylamine  and  tdhiidiDe; 
but  if  the  action  of  the  roducing  agent  be  continued  only  until  the  nitrobenzjlaBiiDe 
has  dissolved,  and  the  tin  be  al  once  predpitated  by  sulphuretted  hydaoMi,  a  aola- 
tion  is  obtained,  from  which  soda  precipitates  the  white  ozystalline  tarCuar  aadde- 
benzylamine.  This  base  forms  brilliant  octohedrons,  which  mdt  at  186°,  and  m  in- 
soluble in  water,  but  readily  soluble  in  hot  alcohol  or  ether;  it  distila  nncIiaiigriL 
The  hydrochloride  crystallises  in  yellow  needles,  wUch  aro  exceedinglT  sdnUe  ia 
water,  hydrochloric  add,  and  alcohol.  The  platinochloride  is  an  anunpiions,  yeUow 
compound. 

Primary  amidobenzylamine  does  not  appear  to  be  formed  either  by  treatiag 
hitrobensEyl  chloride  with  ammonia  and  ammonium  sulphide,  or  by  the  nitxatioD  of 
acetobenzylamide. 

HUrohenzylphenr^miiie,  C"H»2NK)«  =  C«H«(N02).CH«— NH(C«H»),  is  |nodneed 
by  the  action  of  aniline  in  excess  on  nitrobenzyl  chloride.  The  product  mixed  with 
hydrochloric  acid  solidifies  to  a  cr3r8talline  pulp,  from  which  warm  dilate  hydroefakrie 
acid  extracts  hydrochloride  of  aniline,  leaving  the  hydrochloride  of  nitwbem^rylfhemfl 
amine,  C^H'^N'O'.HCl,  undissolved.  This  salt  crystallises  from  hot  conoentated 
hydrochloric  add  in  white  shining  scales,  which  are  soluble  in  absolute  alcohol,  bat 
are  decomposed  by  water  into  hydrochloric  add  and  the  free  base.  Tim  vUtm- 
chloride  forms  brown,  shining  scales,  soluble  in  water  and  in  hydrochlorio  ado.    Ihi 
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Jrm  hum  erystalliMt  in  goldan-jellow  needloB,  which  melt  at  68^,  and  are  solable  in 
hot  alcohol,  ether,  and  oensene,  but  insoluble  in  water. 

JmidobenMylpJkmylamne,  0»Hi«K>  -  OHXNH<).0H>— NH(C«H*W This  baso 
cannot  be  prepazed  by  redaction  of  the  nitro-eompound  with  tin  and  hyorochlorioacid, 
.the  reaction  proceeding  much  further;  but  by  digesting  nitrobeDsylphenjlamine  with 
ammcminm  sulphide  at  100°  for  a  short  time,  distilling  o£f  the  excess  of  sulphide,  and 
xepeatedljT  OTstallising  the  product  from  concentrated  hydrochloric  acid,  amidobenzyl- 
phai^laimna  hydroohlozide,  C^H**N'.2HC1,  may  be  ootained  in  brilliant  needles, 
K^ui  are  easily  aolnble  in  alcohol  and  in  water,  less  so  in  hydrochloric  add.  The 
fiaUnoekhritU  is  dark  yellow  and  amorphous.  The  Jree  boM  is  precipitated  by  soda 
nom  a  solution  of  the  hydrochloride,  in  glistening  scales,  which  melt  at  88°,  and  are 
readily  soluble  in  ether,  alcohol,  and  bensene. 


lOZO  APms,  C«H"0*  -  C>H».0H*.0>fl«.0O'H  (Botering, 
loc.  cii.)  Two  modifications,  a  and  /9,  are  formed  by  the  action  of  sodinm-amalpam  on 
the  oonesponduiff  bemsoyl-bensoic  acids.  The  oHicid,  easily  produced  in  this  way, 
ia  identical  with  that  which  is  obtained  by  the  action  of  hydriodic  add  on 
»-banshydrylbenioie  acid  (Zincke,  2md  9uppl,  177),  or  on  o-benzoyl-bensoic  add 
(Graebe,  lintt,  Ckem.  0$b,  Ber,  viii.  1054).  It  oqptallises  from  hot  water  in  delicate 
feathery  needles,  3  or  3  cm.  long,  mdtinff  at  167°.  Its  hanmm  salt, 
(Ot«H"0')'Ba+ 2H'0,  separates  from  a  saturated  sdution  on  cooling  in  small  shining 
moderately  soluble  lamins.  The  eaioium  soZ^,  (0*^H**0')H}a,  cxysU^ises  in  wayellitio 
nodules.  An  ooti  oo^'iim  soA,  (0**H"0')H}a.C'*H**0',  separates,  on  pMsing  carbon 
dioxide  into  the  solution  of  the  neutral  salt,  as  a  white  precipitate,  which  dissolyes  in 
dilute  alcohol,  and  separates  therefrom  in  fine  druses  of  long  thin  concentrically- 
gronped  needles. 

fi-BmunfUbmuoio  acid  is  formed  by  the  prolonged  action  (8  or  10  days)  of  sodium- 
amalgam  on  /9-benzoyl-benzoic  add ;  if  the  action  be  continued  for  a  shorter  time 
only  (8  or  4  days),  the  product  consists  of  /S-benshydiyl-benzoic  anhydride.  /9-ben- 
syl-beuoie  add  ciystaUises  from  alcohol  and  water  in  slender  shining  needles ;  from 
hot  water  in  yery  long  broad  threads.  It  melts  at  114°,  and  sublimes  in  slender 
needles.  It  dissolyes  easily  in  alcohol,  ether,  chloroform,  and  benzene,  sparingly  in 
Qold,  somewhat  more  easily  in  boiling  water ;  strong  sulphuric  acid  colours  it  mintly 
yellow.  The  barium  A^t,  (C>«H>*0')'Ba  +  6^H'0,  is  moderately  soluble  in  water,  and 
crystallises  in  oonoentricidly-grouped  needles.  The  calcium  salt  separates  from  aqueous 
aoliition  as  a  fiooeulent  powder,  haying  the  compodtion  (0'*H"0')K)a  +  2H'0 ;  from 
dOnte  alcohol  in  long  shining  needles,  [(C>«H"0')'0a  +  2G"H«0*].  The  silver  tall, 
C**H''0'Ag,  obtdned  as  a  white  fiocculent  predpitate  on  mixing  the  solution  of  the 
ammoninm  salt  with  silyer  nitrate,  is  nearly  insoluble  in  water,  and  blackens  slowly 
on  exposure  to  light.  The  methyUe  §thtr^  C^^H^O'.GH*,  obtained  by  deoompodng  the 
dlyer  salt  with  methyl  iodide,  is  a  thick,  colourless,  non-solidifjring  liquid,  which 
easily  in  alcohol  and  ether. 


(rH'(C«H»)«I,  is  formed, 
together  with  other  products,  by  beating  2  mols.  ethyl  iodide  and  8  mols.  benzyl 
smphide  to  100°  for  seyeral  hours ;  and  by  agitating  the  product  with  silyer  chlo- 
ride, •filtering,  and  fractionally  predpitating  the  solution  with  platinic  chloride, 
the  platinochloride  of  bensyldiethylsuljphine,  [Cm'(Cw*)%Cl]<Pt01^  is 
obtained,  erystaUising  in  needles  (SchoUer,  Deut,  Chrnn.  Qes,  Ber,  yii.  1274). 


A  name  incorrectly  giyen  to  the  compound 
(TH^^^Xtm  ^^^  should  be  called  bentenjfldiphenylamine.  See  DmEDXThAMTjoL 


C>»H»«0*-0«H».OH«.O^BP(CO«H)«,  is 
formed  by  treating  benaoj7l-isophthalic  or  benzhydryl-isophthalie  anhydride  with  sodium- 
amalgam,  the  action  being  continued  for  six  or  seyen  days,  and  assisted  towaids  the 
end  by  heat.  The  add  separated  from  the  product  by  hydrochloric  add  is  purified  by 
oonyersion  into  the  barium  salt,  which  resembles  that  of  benzoyl-isophthalic  add. 

Benzyl-isophthalic  add  is  a  white  crystalline  powder,  nearly  insoluble  in  water, 
dther  hot  or  cold,  sparingly  soluble  in  toluene  and  chloroform,  easily  in  ether,  alcohol, 
and  acetone.  From  hot  dilute  alcohol  it  separates  in  fiocks  composed  of  small  slender 
needles,  and  mdtine  at  242°-243°.  The  barium  salt,  C>*H>«0^  is  a  white  crystal- 
line powder,  less  soluble  in  hot  than  in  cold  water,  and  predpitated  from  its  aqueous 
•olonon  by  alcohol.  The  calcium  salt,  G^H*«OK}a  +  HK),  dosdy  resembles  the 
barium  salt.  The  silver  salt  is  obtained  by  predpitation  as  a  white  _powder.  The 
s%/w  ether,  0»H»OXO*H*)*.  is  a  thick  colourless  non-solidifjring  oil  (Blatsbecker). 
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BZCB&OmXDB*  or    Ba«LAX  OB&OBlBBp  (TBHPm 

CH^.CHOl'.  This  oomponnd  is  oonrerted  bj  chlorine  into  a  chlorobensrlene  ^^^^^^^rMtt 
CH*CS.GH01*,  which  on  oxidation  yields  ^rochlorobensoic  acid,  mth  nitiie  acid^ 
on  the  other  hand,  it  yields  a  nitrobensylene  dichloride,  OH^N0').0HCI',  ooBToCiblt 
by  oxidation  into  mtftonitrobenzoie  acid  (Beilstein  a.  Kuhlbeig,  X4#6t/t  Atnu^m,  tthj 
388). 

This  reralt  appears  to  be  at  variance  with  the  general  law  deduced  horn  thi 
experiments  of  Hiibner  a.  HeSnserling,  via.  that  when  the  hydrogen  in  hydmriftwi 
is  replaced  hy  gronps  of  elements  of  decidedly  similar  <£aracter,  that  la  to  my, 
either  decidedly  negatire  (add)  or  decidedly  poeitiye  (basic),  the  sama  hyflmgM  atua 
is  always  replaced.  According  to  this  role,  if  benajrlene  chloride  is  oonmted  by 
chlorine  into  paraehlorobensylene  chloride,  nitric  add  oogfat  to  oonviart  it  iilo 
paranitrobeniyfene  chloride,  instead  of  which  the  nitrobensylene  chloride  aetiiall|ypD- 
dneed  has  the  groups  NO'  and  CHOI*  in  the  meta-podtlon.  Inasmuch,  howanv,  is 
benzylene  dichloride  is  oonyerted  by  the  action  of  water  alone,  and  still  moire  ratdily 
in  presence  of  oxidising  agents,  into  benzaldehyde  and  benadc  add,  it  sasBM  aot 
improbable  that  the  formation  of  metanitrobenzoic  add  in  Beilstein's  a.  EoUbaiifii 
experiments  may  have  resalted  from  the  action  of  nitric  add  on  these  latter  compowaoa 
Anid  snch  indeed  appears  to  be  the  £ict :  for,  according  to  Hubner  a.  Benta  (Jhat,  Okmu 
Get.  Bar.  vi.  808)  the  nitration-prodnct  of  bensylene  dichloride  yields  od  oxidation  a 
nitrobenaoic  add,  which,  when  med  from  accessory  prodnots,  and  fhrthar  pnrifled  lijr 
conyerdon  into  barium  salt  and  separation  therefrom,  radts  at  288^-289^,  wlndi  u 
▼ery  near  the  melting  point  of  pore  |Miranitrobenzoic  add  (240^);  moreover  the 
barium  salt  of  this  add  haisi  the  compodtion  of  the  paraoitiobenaoats^ 
(CH*NO')'Ba  +  6HH),  whereas  the  metanitrobensoate  czystallisee  with  4HH). 

It  appears  then  that  chlorine  and  nitric  add  act  in  exactly  the  same  maansr  as 
regards  uie  podtion  of  the  hydrogen-atoms  which  thej  replace  in  an  azomatie  hjdio- 
carbon. 

The  product  of  the  action  of  chlorine,  in  presence  of  iodine,  on  bensylene  dichloridi^ 
appears  to  contain,  beddee  paraehlorobensylene  dichloride,  more  or  less  of  aninnvie 
compoimd. 

Jetton  of  Awmioma. — Beniylene  dichloride,  heated  with  alcoholic  ammonia,  yields 
benzyl-oxethyl  chloride,  C'H*.OHG1.00*H*,  as  a  liquid  boiling  at  210^-21IP, 
and  easily  converted  by  strong  nitric  add  into  ethyl  metanitrobenioati^ 
O'HXNO'yOOOO'H*,  mdting  at  44*',  and  identical  with  that  whidi  is  formed  I7 
nitration  of  ethyl  benzoate.  At  the  same  time  there  is  formed  an  dly  liquid,  pivAaUly 
an  isomeric  compound  (Hubner  a.  Bente,  loc.  mi.) 


rXTXi-VA»BTBA&BVa,  C*'Hi« » C^H'.O**^     This    hydioeazixMi   it 

prepared  by  the  action  of  powdered  dnc  on  a  mixture  of  naphthalene  and  bemyi- 
chloride.  On  distilling  tiie  product,  unaltered  naphthalene  passes  over  iint»  and 
then,  between  320^  and  860^,  benzyl-naphthalene,  as  an  oilv  liquid  which  aolidiUsi  ia 
great  part  in  the  receiver.  When  freed  by  pressure  from  adhering  oil,  uid  dystaUisBd 
from  fdcohol,  it  forms  colourless  needles  wMch  melt  at  64^,  dissolve  readily  inaleohol, 
but  ace  insoluble  in  water  (0.  Frot^,  C<tmpi.  rmd,  Ixxvi.  689). 


OrSOZO  ACZB,  0»*H»K)«  =  CH'.0«H»(OH).00«H  fl 
a.  Fileti,  Ga£g.  ekm,  ital.  iii.  237).  This  acid  is  formed  by  the  joint  action  of  1 
and  carbon  dioxide  at  160°  on  benzyl-phenol  {injra).  The  product  of  the  reaction  is 
dissolved  in  water  and  precipitated  with  hydrochloric  add ;  and  the  predpitate,  wfaidi 
consists  of  benzyl-phenol  ana  benz^l-oxybenzoio  add,  is  boiled  with  an  aqneona  mla- 
tion  of  ammonium  carbonate,  which  dissolves  the  latter.  After  separraon  of  the 
phenol,  the  solution  is  acidified  with  hydrochloric  acid,  and  agitated  with  ether,  and 
the  ethereal  solution  is  left  to  evaporate,  whereupon  it  leaves  the  acid  in  the  emtal- 
line  state ;  the  quantity  obtained,  however,  is  very  small.  It  may  be  purified  oj  re- 
crystallisation  fh>m  alcohol. 

Benzyl-oxybenzoic  add  melts  at  139^-140^,  is  only  slightly  soluble  in  boiling' 
readily  in  alcohol  or  ether,  and  crystallises  in  needles  or  small  prisms.    The 
salt,  (7H^C«H*(0H).00'Ag,  is  a  curdy  precipitate  sliehUy  soluUe  in  boiliog 
and  crystallidng  out  agdn  on  cooling  in  colourless  needles. 


iTZi  /S-OaCTBUTTRZC  ACZB,  0"H*H>'«0H'.CH(OH).GH.OB>.0*H* 


Ao. 


Kon 

is  formed  b^  the  action  of  sodium-amalgam  on  ethylic  benzyl-acetoaceCate  (p.  SIT). 
It  is  precipitated  from  its  salts  by  mineral  adds  as  an  oil,  but  afterwards  rrjatiHi— 
in  long  dender  needles  melting  at  1 52^-1 63^,  and  only  sparingly  soluble  in  water  erm 
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mt  tibe  boiling  heat    Itt  baritm  salt,  (0"H»0')*Ba  +  2H'0»  foms  nodular  gxonps  of 
eryatala  ray  solnble  in  water  (Ehrlich,  Deut,  Ckmn.  Gea.  Ber.  Tiii.  1208). 

IBWO&«  C**H"0.    See  DipmirrL-DXRiyATms. 


mm  AC»,((rH')SeO<H  (O.  L.  Jaokson,  Liebiff'a  Awnalen, 
elmrix.  IS).  Thiiacid,analogoo8  to  ethyl-selenious  acid  (U^  8»m>l,  1016)  is  prodnced  b? 
gently  heating  benzyl  dieelenide  with  strong  nitric  acid ;  the  diselenide  then  dissolyes, 
writh  eTolntion  of  red  yapours,  to  a  colourless  liquid*  which,  on  cooling,  deposits 
benijl-selenions  acid  in  crystals,  to  be  purified  by  leayvtallisation  from  hot  water  or 
aleoholt  and  dried  in  a  Tacuum. 

This  add  erystallises  in  stellate  groups  of  white  needles ;  when  pure  it  has  not  a 
ymxj  strong  odour,  but  that  of  the  impure  acid  is  extremely  disagreeable.  It  melts  at 
86^  (uncorr.);  dissolyes  sparingly  in  cold,  very  freely  in  hot  water,  easily  in  cold, 
still  more  in  hot  alcohol,  but  is  nearly  Insoluble  in  ether.  It  has  a  strong  acid  reac- 
tion and  decomposes  carbonates.  Phosphorus  pentachloride  converts  it  into  a  white, 
stable,  crystalbne  substance  not  yet  examined. 

Ammcmum  BefUfyl-admUe  is  obtained  by  dissolving  the  acid  in  aaueous  ammonia, 
and  evaporating  over  the  water-bath,  as  a  white  subs^ce  which  with  some  difficulty 
fiurms  czystallme  nodules,  and  is  very  soluble  in  water.  The  todium  taU, 
is  a  white  indistinctly  crystalline  mass,  very  soluble  in  water.  The  gUver  salt 
(0'H')8eO'Ag,  formed  firom  the  ammonium  rait  by  double  decomposition,  is  a  white 
enrdy  predpitate,  and  by  solution  in  a  very  large  quantity  of  boiling  water  may  be 
obtained  as  a  felted  mass  of  white  capillary  crystals  blackened  by  exposure  to  light, 
but  not  l^  the  heat  of  the  water-bath.  It  is  very  slightly  soluble  in  boiling  water, 
Uisoluble  in  cold  water,  also  in  alcohol  and  ether,  easily  soluble  in  nitric  acid.  The 
harmm  salt  is  very  soluble  in  water.  The  lead  salt,  obtained  by  precipitation,  \h  a 
white  crystalline  powder  insoluble  in  cold  water,  and  less  soluble  in  hot  water  than 
the  silver  salt. 


rOWZVlI  COMFOnras  (Jackson,  Liebi^s  Annalen, 
18).  The  term  selemmium  may  be  applied  to  selenium  compounds  containing 
quadrivalent  and  sexvalent  selenium,  analogous  in  cpnstitntion  to  the  ammonium- 
compounds,  containing  N*,  and  to  the  sulphonium-compounds,  containing  S*^  and  S^ 
(oommonly,  but  less  appropriately,  called  sulphine-oompounds,  v.  881).  In  fact,  the 
saline  eompounds  containing  tetra-  and  sexvalent  sulphur  and  selenium  respectively 
are  derived  from  the  corresponding  basal  compounds  containing  bivalent  sulphur  and 
selenium,  in  the  same  manner  as  the  ammonium  salts  are  derived  fh>m  the  amine- 
bases,  thus: — 

H'N'*  H«S"  H'Se" 

(CH«)«N'^  (CB*y9r  (OH^ySe" 

(CH«)<N^I  (CH«)»S»'I  (CH«)«Se«^I 

(C«H»)»  \°  ^^  (CB*)*\^  ^ 

Betuyl-dimet^/Uelemmiiim  Tri-iodide,  the  last  compound  in  the  preceding 
table,  is  formed,  together  with  trimethylselenoniimi  iodide  and  benzyl  iodide,  by 
digesting  benzyl  diselenide  for  several  days  with  excess  of  methyl  iodide.  A  black 
mass  is  thereby  formed,  which,  when  treated  with  water,  yields  white  soluble  prisms 
of  trimethylselenonium  iodide,  and  a  black  residue  consisting  of  benzyl  iodide  and 
benzyl-dimethylselenonium  tri-iodide : — 

(CH»)«e«  +  60H«I  -  (C'H'XCH»)«eP  +  (CH«)«SeI  +  CHSTL. 

The  benzyl  iodide  mav  be  dissolved  out  bv  cold  alcohol,  and  the  remaining  tri'iodide 
cfystallised  from  boibng  alcohol  and  dried  in  a  vacuum.  It  then  forms  black  slightly 
soluble  needles,  having  a  metallic  lustre  and  very  offensive  odour,  and  melting  at  65^ 
(uncorr.)  It  softens  at  a  few  degrees  below  its  melting  point,  and  volatilises  to  a 
slight  extent  below  100^,  giving  Ss  vapours  which  strongly  attack  the  eyes.  It  is 
insoluble  in  water,  sliffhtly  soluble  in  cold,  moderately  soluble  in  hot  alcohol  and  in 
ether.    The  red  alcohcmc  solution  is  decolorised  by  gentle  heating  with  mercury. 

Bengyl'dimethylselenonium  PUitinochUmde,  [(C»H*)(CH«)«8eCl]«.PtCl*.  is  prepared 
by  treating  the  tn-iodide  with  alcoholic  silver  nitrate,  mixin|f  the  filtered  liquid  with 
hydrochloric  acid,  filtering  again,  and  adding  aqueous  platinie  chloride.  The  com- 
pound then  separates  after  a  while  as  a  yellow  precipitate  consisting  of  microscopic 
square  crystalline  lamine,  insoluble  in  water  and  in  alcohol.  When  heated  it  turns 
brown  below  100^,  black  at  a  low  red  heat,  and  gives  off  an  inflammable  vapour. 

^dStg^.  y 
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imMiOWIOACa]>,C>H*— Ofl«— S0«— OH.  Thuadd,ii 
with  tolnenesiilphonio  add,  OH*— OH^— S0<— OH,  if  obtained,  as  a  potanimn  Mlt» 
by  boiHnff  benzyl  chloride  with  a  moderately  strong  solution  of  nentcal  potaaainB 
sulphite  (see  2na  Suppl,  184,  where  the  acid  is  described  as  Bengyl-milpkunmM  aoid). 

Benrylsulpkonio  ekhride,  C"H*.0H*.S0*.C1,  is  formed  by  the  action  of  ^lo^iionu 
pentachToride  on  an  equal  weight  of  the  potassium  salt.  The  action  begins  at 
ordinary  temperatures,  and  may  be  completed  with  the  aid  of  a  gentle  heat.  The 
mass,  after  cooling  and  washing  with  water,  is  dissolred  in  ether,  and  oo  leavii^  the 
solution  to  evaporate,  the  chldoide  separates  in  colourless  prisms  which  melt  at  92®, 
and  are  resolved  at  a  stronger  heat  into  ben^l  chloride  and  sulphur  dionde. 
Ammonia  conyerts  it  into  the  amide,  0*H*.0H".80*.NH*,  which  forma  small  prisms 
moderatdy  soluble  in  water  and  melting  at  106°  (Pechmann,  DmU,  Ohtm.  Cfm.  Bn, 

0»H*— 0H«-«0»H 

]MlMiiajlHinlp1ioiii0  Aoia,0>«H»(SO'H)*<-  I  .    Tfaia  acid  is 

(>H*— CH«-SO«H 
produced  by  shaking  fused  dibensyl  with  warm  8uli>huric  acid ;  on  coolings  the  liquid 
solidifies  to  a  magma  of  ciyi^s,  forming,  after  draining,  a  light  reddish  white  mass, 
which,  on  standing  in  the  air  or  on  addition  of  a  little  water,  forms  a  solution  from 
which,  on  standing,  the  hydrate,  0*«H»(SO>Hy<  +  6H>0,  crystallises  out  in  tufU  of 
long  needles,  whilst  by  evaporating  the  solution  in  a  vacuum  large  plates  are  formed. 

The  potauium  sait,  0i«H>2(S0'E)H  2H'0,  crystallises  in  silyeiy  platea.  On 
purifying  the  crude  salt,  a  small  quantity  of  reddish  warty  crystals  is  obtained,  con- 
sisting of  C"H»»(SO«K)*  +  8H«0. 

The  barium  iaU,  C»«H>«(SO«)«Ba  +  iH«0,  and  the  Uad  salt,  0"H»«(80«)«Pb+  HH), 
are  not  insoluble  in  water,  as  stated  by  Fittig  a.  Stelling  {Jakresb.  /,  Ckem,  1866, 
647) ;  they  separate  from  a  boiling  solution  in  warty  masses. 

By  f^ing  the  potassium  salt  with  potash  and  adding  hydrochloric  acid  to  the 
solution  of  the  melt,  a  precipitate  is  formed,  which,  after  crystallisation  from  acetic 
acid,  eaixAstB  ci  oxydiheneylsulphonic  acid,  0'*H*'(OH)(SO'H) ;  and  if  the  fusion  with 
potash  be  further  continued  at  a  high  temperature,  this  last  acid  is  conveited  into 

C^H^OHXOH) 
dioxydibenzyl,  0**H^K)^  or  I  ,  which  ciystallises  Id  white,  sihining 

C«H*--CH«(OH) 
lamins,  nearly  insoluble  in  cold,  moderately  soluble  in  hot  water.    When  purified  by 
sublimation,  it  melts  at  186°. 

Simultaneously  with  the  dioxydibenzyl,  para  ozy  ben  zoic  acid  is  also  formed 
(together  with  a  small  quantity  of  phenol  and  traces  of  benzoic  add) ;  and  on  treating 
the  fused  mass  with  an  acid,  the  paraoxybenzoic  acid  dissolves,  while  the  dioo^^- 
bcDzyl  separatee  out  (R  Kade,  DuU.  Chem.  Get.  Ber,  vi.  968). 

BBWXT&-flVIiVBOVXUlK  OOIgFOU»J>fl  (0.  Schoeler,  DetU.  Ckem.  Gta, 
Ber,  vii.  1274).  Bentiyl-dimethyhulphmium  iodide,  (CrH^(0H>)>8ia,  is  formed, 
together  with  trimethylsulphonium  iodide,  (OH')'SI,  by  the  acfion  of  methyl  iodide 
on  benzyl  sulphide,  eidier  at  ordinary  temperatures  or  at  100°  in  sealed  tubes.  The 
first  products  of  the  reaction  are  benzyl  iodide  and  methyl  sulphide : — 

2CH«I  +  (C'H»)«S  =  20*^  +  (CH")«, 

and  the  methyl  sulphide  then  enters  into  combination,  partly  with  bensyl  iodide, 
partly  with  methyl  iodide,  forming  the  two  compounds  above  mentioned.  %f  agitat- 
ing the  product  with  water,  filtering  through  a  wet  filter — on  which  an  oQy  mass 
remains — and  agitating  the  filtered  solution  of  the  iodides  with  silver  chloride,  they 
are  converted  into  the  corresponding  chlorides ;  and  the  solution  of  these  compounds, 
mixed  with  platinic  chloride  and  fractionally  crystallised,  yields  at  first  long  orange- 
red  needles  consisting  of  the  platinochloride  of  benzyl- dimethyl  sulphoniuB, 
[((7H»X0H«)«Cl]«.PtCl*.  The  mother-liquor  yields  orange-red  prisms  of  the  tri- 
methylsulphonium salt,  [(CH»)«Sa]«.PtCl«. 

Ethyl  iodide  does  not  act  on  benzyl  sulphide  in  the  same  manner  as  methyl  iodide, 
at  ordinary  temperatures ;  butat  100°  in  sailed  tubes,  benzyl-diethylsulphonium 
iodide  is  formed,  which,  by  treatment  as  above,  yields  a  platinum  salt  having  the 
composition  [(0'H')(0»H»)«ap.Pta*. 

I,C>*H»M  „     ^ 

ni»TTl«     I  DlPHRNTL-DRHrVATTVES. 

The  kernel  of  the  Brazil  chestnut  (BerlkolUttia  exatlm) 
has  been  analysed  by  Oorenwinder  («/.  Pharm.  Chim.  [4],  zviii.  14),  whose  results  az« 
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ffhreo  in  the  fbllowing  table,  together  with  those  of  the  analyBis  of  the  earth-iiut 

{Araekia  kypogmdy, 

Kernel  of  Kernel  of 

Bxttsil  dbeetnnt.  euth-nut. 

Water 800  676 

OU 66-60  6176 

Nitrqg«x>iif  substances .                         16*31  2180 

Oxganie  matter,  not  nitrogenous               7*89  17*66 

Phosphoric  add    .                ,        1-86)  ^,^^  0*64  (  ^-oa 

lima,  potash,  silica,  &c               2-86  J  *  ^"  1-39  J  ^"* 

10000  10000 

The  pereeatage  of  nitrogen  in  the  kernel  of  the  Brazil  chestnnt  is  2*46. 

BXKTSb*  0.  Grerille  Williams  (Proe.  Bey,  Soo.  xzi.  409)  has  determined  the 
specific  grayi^  of  beijl  and  of  emerald,  before  and  after  fusion,  with  the  following 
results: — 

Beryl.  Smenld. 

Before  fusion  2'66  to  2*66        2*69  to  2*70 

After        „  2-41  2*40 

Artifleial  beijls,  composed  exactly  according  to  the  analysis  of  the  natural  mineral, 
had  a  sp.  gr.  of  2*42. 

The  green  colour  of  the  emerald  is  due  to  chromic  oxide,  not,  as  sometimes  supposed, 
to  carbon  compounds.  Garbon  and  hydrogen  are  indeed  present  in  bervls  and  emeralds 
(a  bezyl  gaye  0*08  p.  o.  carbon  and  0*06  to  0*11  p.  c.  hydrogen),  but  they  have  nothing 
to  do  wiUi  the  colour.  Williams's  experiments  oonfinn,  indeed,  the  results  obtained 
long  ago  by  Vauqnelin,  Elaproth,  and  Hofmeister  (ii.  486),  and  in  1869  by  Boussingault 
(C^t.  rend.  Ixix.  1249). 

Websky  (Jakrh.  /.  Mm,  1876,  774)  has  examined  crystals  of  beryl  from  Eidsvold 
in  Norway.  Thery  were  imbedded  in  felspar,  quarts,  or  mica ;  had  an  emerald-green 
edlour,  and  exhibited  the  twelye-sided  pyramio,  Y  P  H>  in  addition  to  oo  P,  OP,  2P2, 
and  P. 


If  CH^'NO'.  Occurrence. — ^This  base  exists  in  mangel-wurzel  as  well 
aa  in  the  sugar  beet  (Schulse  a.  Urich,  Landw.  Versueha.  St.,  xviii.  409).  Husemann 
{Arch,  Phann,  [2],  vi.  216)  finds  that  lycine,  the  base  discovered  in  1864  by  himself 
and  Marmi  in  JMoium  bcarbarum  (iii.  738)  is  identical  with  betaine. 

Suntkms.—helMine  has  the  constitution  of  trimethyl-glyoocine,  C«HXOH*)*NO>, 
0H«— N(CH»)^ 
or  I  I  ,  and  should  therefore  be  formed  by  the  action  of  methyl  iodide  on 

00 — 0 
glycocine  (amidacetic  acid),  just  as  trimethyl-amidobensoie  add  (benzbetaine)  is  pro- 
duced from  amidobenzoic  acid  (2nd  Buppl.  187),  and  this  synthesis  has  actually  been 
effected  by  Griess  {Deut.  Chem,  Get.  Ber.  viii.  1406).  One  mol.  of  glycocine,  diti- 
solyed  in  excess  of  strong  potash-ley,  is  mixed  with  3  mols.  methyl  iodide,  and  then 
with  a  quantity  of  methyl  alcohol  siuBcient  to  form  a  uniform  mixture.  This,  when 
left  to  itself,  soon  becomes  warm  and  its  alkaline  reaction  gradually  changes  to  a 
decided  acid  reaction.  The  liquid  must  then  be  ag^in  rendez«d  alkaline  by  addition 
of  potash,  and  this  treatment  repeated  till  the  alkuine  reaction  is  no  longer  destroyed 
eyen  after  a  f^uther  addition  of  methyl  iodide. 

The  betaine  formed  by  this  reaction  may  be  separated  (in  case  only  small  quantit  ies 
are  operated  upon)  by  nentralising  with  hydriodic  acid,  removing  the  methyl  alcohol 
by  distillation  in  the  water-bath,  diluting  the  residue  with  a  little  water,  and  then 
adding  a  solution  of  iodine  in  hydriodic  add,  whereby  a  periodide  of  betaine  is  pre- 
cipitated in  black-brown  shining  needles,  which,  after  separatioD  from  the  mother- 
liquor,  may  be  purified  by  repeated  washing  with  water.  This  periodide,  suspended 
in  water  and  treated  with  hydrogen  sulpmde,  is  converted  into  betaine  hydnodide, 
from  which  the  base  and  its  other  compounds  may  be  obtained  1^  known  methods. 

Bomoloffuea     of     Betaine.        1.      Triethylglyoocine,     O'H^^O'  « 
OH^N(C*H»)« 
C*HXC*H»)WO«  -  i  I  •    Tliw  l»«e  is  prepared  by  heating  triethylamine 

with  ethylic  ehloracetate,  bdling  the  crude  product  with  baryta-water  to  remove 
hydrochlorid^of  triethylamine,  and  treating  the  resulting  chloride  of  triethylamido- 
acetic  add,  N(0^»)«C1— CH«— CO*H.  with  silver  oxide.  Triethylglycocine  tlius 
obtained  unites  both  with  adds  and  with  bases.  It  begins  to  bdl  at  210^,  but  only  a 
part  of  it  goes  over  unaltered,  the  remainder  being  resolved  into  triethylamine  and 
earbonaceous  products.    The  chloride  of  triethylamidoacetic  add  just  mentioned  may 

T  2 
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be  heated  with  stroDff  bases  to  a  lomewhat  high  temperature  withont  imdflirgoliig 
decomposition  (J.  wTSruhl,  DmU,  Ckem.  Get,  Ber.  viii.  1406). 

0H«— CH— N(CHV 
2.  Trimethyl-a'propiobetaine^C^E^'tlO*  >'  I         I  ,  is- fixrmed 

by  the  action  of  ethylie  o-chloropropionate  on  trhnethrlamine.  The  aetion  begins  at 
ordinary  temperatures,  and  may  be  completed  by  heating  the  materials  togetlMr  for 
twelve  hours  in  sealed  tubes  in  a  water-l>ath :  it  takes  ^aee  most  readily  in  aloobdljc 
solution.  The  product,  consisting  of  the  hydrochlorides  of  trimethjlamine  and  tri- 
methyl-a-propiooetaine,  may  be  frieed  from  trimethylamine  by  boiling  with  baiyta- 
water ;  and,  on  removing  the  baryta  with  sulphuric  acid,  the  latter  hj  lead  hydnte, 
and  leaving  tiie  filtered  solution  to  evaporate  over  sulphuric  acid,  it  ■olidifbs  to  a 
mass  of  extremely  deliquescent  apparently  cubical  crystals  of  trimetfayl-«-pn|iio- 
betainei 

This  base  has  a  neutral  reaction,  no  smell,  but  an  aromatic  and  very  sweet  taste ; 
dissolves  easily  in  alcohol,  but  is  insoluble  in  ether.  It  begins  to  boil  at  210^,  8^^^?f 
off  large  quantities  of  trimethylamine,  together  with  a  small  quantity  of  a  btowniu 
empyreumatic  oiL  It  unites  readily  with  acids,  forming  very  hygroscopic  salts.  The 
phtinochloridet  CH'^NO'.HOl.PtClS  separatee  as  an  orange-coloured  imlvanilent  pre- 
cipitate on  adding  hydrochloric  add  and  platinic  chloride  to  an  alcoholic  aolntioD  of 
the  betaine,  and  ciystaUises  from  water  in  large  shining  roseate  prisms  with  pointed 
end-faces ;  it  is  insoluble  in  ether.  The  aurochloride,  G>H>'N0'.liGl.Au01',  eijstal- 
lises  in  long  needles  having  a  golden  lustre ;  dissolves  easily  in  hot  water,  alcohol, 
and  ether,  but  is  insoluble  in  chloroform.  The  iodide,  OH'«N0^.C>H*'N0',  imas 
colourless  shining  prisms,  several  centimeters  long,  permanent  only  when  quite  pure. 
It  is  very  soluble  in  alcohol  and  in  hot  winter,  only  slightly  soluble  in  cold  water,  in- 
soluble in  ether  (Briihl,  Deut,  Chem.  Gea,  Ber.  1876,  p.  84). 

BZXia.  0.  Jacobsen  (Deut,  Chem,  Ges.  Ber,  vi.  1026)  has  made  an  examination 
of  bile  taken  from  a  healthy  man,  through  a  biliary  fistula  whidi  remained  open  for 
several  weeks.  This  bile  was  a  clear  neutral  liquid  having  a  greenish  brown-yeUow 
colour.  The  sp.  gr.  varied  from  1*0106  to  1*0107  ;  the  amount  of  solid  oonstitosnts 
from  2*24  to  2*28  per  cent.  Albuminoids  and  leucine  were  present  only  in  the  fhit 
few  days  after  the  opening  of  the  fistula ;  sugar  and  urea  were  absent ;  the  only  btle- 
pigments  found  were  bilirubin  and  biliverdin.  The  composition  of  the  adi  was  as 
follows : — 

KOI  JSTbCI      00^a«       PO«Na»    (PO»)"Oa 

In  per  cent,  of  ash  8*89       65*16      IMl        16-90       4*44  -100 

Inpercent  of  dry  bile   1*276      24*608      4*180        6*984      1*672-87-620 

The  ash  also  contained  small  quantities  of  iron,  silica,  magnesia,  and  tnoes  of 
copper. 

The  dry  residue  of  the  bile  contained  the  following  amounts  of  orgsaie  sab- 
stances: — 

Cholesterin 2*49  per  cent 

Unsaponified  fats  and  a  little  oleate  of  sodium  0*44      „ 

Lecithin 0*21      „ 

Glycoeholate  of  sodium 44*80      „ 

Ptalmitate  and  stearate  of  sodium 6*40      „ 

Organic  substances  insoluble  in  ether  and  in  alcohol  10*00      „ 

Taurocholic  acid  was  not  present  in  this  bile ;  but  the  examination  of  specimens 
of  bile  from  patients  who  had  died  of  various  diseases  showed  that  this  add  does 
also  occur  in  numan  bile,  and  that  its  proportion  to  glycocholic  add  varies  within 
very  wide  limits. 

The  distillate  of  putrid  bile  has  been  ifound  to  contain  trimethylamine^  the 
formation  of  which  is  due  to  the  putrefactive  decomposition  of  the  neurme  of  the  bile. 
Addition  of  considerable  quantities  of  neurine  to  the  bile  prevents  the  patie&ctioD 
(J.  Mauthner,  Liebi^t  Amuden^  dxvi.  202). 

AcHon  of  BspUmes. — The  predpitate  formed  by  bile  in  peptone-solutions  ndis- 
solves  in  an  excess  of  bile  amounting  to  four  or  five  times  the  volume  of  the  liquid, 
the  result  being  but  little  influenced  by  the  concentration  of  the  peptone-solQtion. 
The  mucin  of  the  bile  does  not  appear  to  be  concerned  in  the  redissolution  of  the  pre- 
dpitate. An  8-per  cent,  solution  of  crystallised  ox-bile  also  raoduces  in  peptone- 
solutions  a  precipitate  which  redissolves  in  excess  of  the  bile.  i)og^s  bile  appears  to 
be  less  efficadous  in  redissolving  the  precipitate  (Moleschott,  Ckem.  Centr,  1876, 868). 

BZXiB-PZCIlIMWTfl.  Bilirubin  and  biliverdin  have  been  variously  fomulated 
as  follows  {lat  Suppl.  844):— 
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Thudichnm.  Btttdder.  Mailj. 

BUirubin  OH^NO*  C'«H«NH)« 

BiliTerdin  0»H»NO»  C"H"»N«0*  C>«H»«NH)» 

Maly  {lAebi^s  AniuiUn^  dxxv.  76)  recommends  the  preparation  of  bilirubin  from 
the  gall-gtoneB  of  oxen,  which  contain  28' 10  per  cent,  of  that  substance.  By  the 
analyris  of  btliyerdin  and  the  determination  of  the  qnantity  of  it  obtainable  fh>m  a 
^▼en  weight  of  bilimbin,  he  considers  that  his  formula  above  given  for  that  substance 
18  confirmed. 

Bromo'hiliruhins  (Thudichum,  Chmn,  8oe.  Jour,  1876»  889;  1876,  ii.  27; 
Maly,  Lidfig^s  AmnaUm^  cboczi.  106). — ^Thudichum  finds  that  bilirubin,  treated  for  a 
short  timtf  with  bromine-vapour  and  heated  to  100^  till  no  more  hydrobromic  add  is 
given  off,  yields  monobromobilirubin,  0*H*BrNO*,  soluble  in  concentrated 
hydrochlorio,  hydzobronic,  and  sul^^ric  acids.  By  prolonged  action  of  the  bromine- 
Tapoor,  dibromobilirubin,  CFnTBT*SO\  is  formed,  which  dissolves  in  alcohol 
with  violet-colour,  in  glacial  acetic  acid  and  in  strong  sulphuric  acid  with  purd|^  colour. 

According  to  Maly,  tribromobilirubin  has  the  composition  C^^'Br'N^O*. 
He  prepares  it  b^  triturating  bilirubin  with  chloroform  free  from  alcohol,  and  adding 
to  the  liquid  a  dilute  solution  of  bromine  in  chloroform  till  a  dark  mass  settles  on  the 
■idea  of  tht  vesseL  Bv  decanting  the  chloroform,  washinff  the  remaining  dark  mass 
with  hydrobromic  acid,  then  dissolving  it  in  alcohol,  and  precipitating  with  water, 
the  bromine-compound  is  obtained  in  the  form  of  a  dark  blue-green  powder  which 
dissolves  in  alc6h(d  with  deep-blue  colour.  Maly  regards  the  composition  of  tri- 
bromobilirubin as  a  proof  that  the  usually  received  formula  of  bilirubin, 
C^^'NK)*,  should  be  doumed.  He  represents  the  formation  of  tribromobilirubin  by 
the  equation — 

0"H»^«0«  +  Br*  »  8HBr  +   C»^'H"Br"NH)« ; 

and  finds  that  this  equation  is  confirmed  by  the  increase  in  weightof  a  known  quantity 
of  bilimbin  when  treated  with  bromine.* 

Tribromobilirubin  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether ; 
it  likewise  dissolves  in  alkalis,  but  is  decomposed  by  the  action  of  strong  alkaline 
liquids,  and  converted  into  biliverdin.  Sodium-amalgam  converts  it  into  hvdro- 
bilirubin.  Hydrogen  sulphide  and  ammonium  sulphide  change  the  blue  colour  of 
a  solution  of  tribromobilirubin  to  green ;  nitric  acid,  aided  by  gentle  heat,  turns  it  to 
dark  red,  and  afterwards  to  brown* yellow  (Maly). 

Chlorobilirubins. — Dry  bilirubin  is  immediately  bleached  hj  dry  chlorine.  A 
solution  of  bilirubin  in  chloroform,  treated  with  chlorine  at  16^,  yields  trichloro- 
bilirubin,  CH'd'NO';  at  100^  tetrachloro-,  and  perhaps  also  pentaohlorobilirubin 
(Thudichum,  Chem.  8oe.  Jour.  1875,  389). 

Bromobiliverdin  is  obtained  by  the  action  of  bromine- vapour  on  biliverdin,  as 
a  black  powder  insoluble  in  ether,  slightly  soluble  in  alcohol,  easily  soluble  in  soida- 
ley,  £rom  which  it  is  precipitated  by  acetic  acid.  Its  composition  is  CH'BrNO', 
according  to  analvses  b^  Thudichum,  who  regards  this  result  as  a  further  confirmation 
of  his  view  that  bilirubin  is  converted  into  biliverdin  in  the  manner  represented  by 
the  equation : — 

C»H»NO«  +   0«  «  0»H»NO«  +  C0«. 

The  reduction  of  an  alkaline  solution  of  biliverdin  by  sodium-amalgam  yields 
hydrobiliverdin,  the  alcoholic  solution  of  which  exhibits  an  absorption-spectrum 
different  from  that  of  hydrobilirubin  (Thudichum,  Chem.  8oe,  Jowr.  1876,  ii.  27). 

Bilifuscin,  originally  described  by  Briicke  (1^  ^^^^*  844),  has  been  fiorther 
examined  by  A.  Simony  {Wien.  Acad.  Ber,  [8  Abth.],  Ixxiii.  181).  Bile  ftom  a  corpse, 
after  exhaustion  with  chloroform,  was  diluted  with  water  and  acidulated  with  acetic 
acid ;  the  separated  mucus,  which  carried  down  with  it  the  greater  part  of  the  colour- 
ing matter,  was  washed  with  water  and  then  exhausted  with  alcohol ;  and  the  residue 
left  after  evaporation  of  the  alcohol  was  well  boiled  with  water  to  remove  biliary 
acids,  then  dissolved  in  a  little  alcohol,  and  precipitated  with  ether. 

Bilifuscin  thus  prepared  does  not  give  Gmelin's  reaction.t  It  dissolves  easily 
in  alcohol,  glacial  acetic  acid,  and  alkalis,  with  brown  colour  vergiuff  on  olive- 
green  ;  sparingly  in  chloroform ;  but  is  insoluble  in  water,  ether,  and  mlute  acids. 
The  alcoholic  solution  exhibits  a  uniform  darkening  of  the  violet  and  indigo-blue  part 
of  the  spectrum.  Bilifuscin,  heated  with  sine-dust,  yields  a  distillate  which  reddens 
a  deal  snaving  moistened  with  hydrochloric  acid,  and  gives  a  brick-red  precipitate 

•  These  reenlts  are  oontotod  by  Thndlchnm,  who  likewiee  objeole  to  the  etateme&te  of  ICalj  sod 
of  Heynahu  a.  Campbell  respeding  the  oxidation  of  bUlrnbin  by  bromine-water,  also  to  those  of  Maly 
on  hyuroblUrabin,  and  of  Jafl6  on  nrobilin  (2nd  Suppl,  pp.  189, 190). 

t  Change  of  colour  from  greeo  to  Une,  Tlolct,  red,  and  finally  yellow,  produced  on  addHkm  of 
jiitsic  or  aitxoBB  add  (Gmtiin^s  Handbook,  EngUA  Edition,  xvlli.  70). 
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with  fuming  nitric  acid.  Bilifaacin  does  not  reduce  an  ammoniacal  soluUoa  of  lulTar 
nitrate.  Dissolved  in  glacial  acetic  acid  and  boiled  with  peroxide  of  lead,  it  yieldi  a 
yellow  substance  soluble  in  chloroform.  When  bilifuscin  is  boiled  with  barTta-tratar, 
the  liquid  evaporated,  the  residue  exhausted  with  glacial  acetic  and  hjdrocmorieaeidi, 
and  the  resulting  solution  shaken  up  with  chloroform,  a  colouring  matter  if  obtained 
which  exhibits  an  absorption-band  in  the  spectrum  between  £  and  F,  but  is  diffiNraot 
from  urobilin. 


ACZBS.  Cholie  aeid,  O^H^O*.  H.  Tappeiner  (DmU,  Ckem, 
Get,  B&r,  vi.  1286)  obtains  ethylic  cholate,  crystallised  and  eudbitiog  all  the  pro- 
perties described  by  Hoppe  Seyler  (J,  pr.  Chem,  Ixxxix.  272),  by  leaTing  an  aleoholie 
solution  of  cholie  acid,  saturated  witn  hydrochloric  acid,  at  re«t  for  three  or  fow 
hours,  then  diluting  it  with  water  and  adding  sodium  carbonate.  A  reainons  naais 
(not  yet  examined)  then  separates  on  the  sur&ce,  while  the  cholie  ether  separatea  in 
the  crystalline  form,  and  may  easily  be  purified  by  recrystallisation  from  aloohoL 

Cholie  acid,  oxidised  with  potassium  chromate  and  sulphuric  add,  yields,  together 
with  acetic  acid,  two  well-ciystallised  acids,  one  jwhich  is  either  palmitic  or  atearie 
acid,  or  a  mixture  of  the  two ;— while  the  other  is  but  slightly  soluble  in  water; 
crystallises  from  alcohol  in  needles ;  may  be  heated  without  alteration  to  200° ;  bat 
melts  with  decomposition  at  a  higher  temperature  (Tappeiner). 

Glyooeholio  acid, — For  preparing  this  add  in  the  pure  state,  the  fbllowine 
process  is  recommended  by  G-.  Hiifher  (<A  pr.  Chem,  [2],  x.  267).  Freeh  bile  eoatained 
m  a  tall  cylinder  is  covered  with  a  layer  of  ether,  and  pure  strong  hydroehlorie  add 
is  added  in  the  proportion  of  2  c.c  to  ever^  60  c.c.  of  the  bile;  the  crystalline  pnlp^ 
which  forms  after  some  time,  is  left  to  drain  on  a  filter,  and  the  impure  crystals  of 
glycocholic  add  thus  obtained  are  reciTstallised  from  hot  water. 

When  nitrous  acid  vapour  is  passed  through  a  solution  of  glycocholic  acid  in  nitric 
acid,  an  add  called  chologlycocholic  acid  is  formed,  having  the  compositioQ 
Q»^«sov.  This  acid  may  l^  separated  by  supersaturating  the  liquid  with  baryta, 
removing  the  excess  of  buyta  with  carbonic  add,  and  treating  the  filtered  solntion 
Mrith  hydrochloric  add.  It  has  not  been  obtained  in  the  ci3rstalline  state.  WImi 
boiled  with  dilute  hydrochloric  add,  it  yields  glycocholic  add  (J.  Lang,  BM,  8oe. 
Chim,  [2],  xxT.  180). 

Olyeodynlyain^  CH^NO^ — ^This  compound  is  formed  by  heating  diolie  add 
with  glycodne  in  a  sealed  tube  to  190^-200°  for  twelve  to  twenty-four  hours,  where- 
by a  fused  mass  is  obtained  which  dissolves  almost  completely  in  absolute  aleohol. 
On  adding  water  to  this  solution,  a  milky  liquid  is  obtained,  which  becomee  dear  in  a 
few  days,  and  when  mixed  with  soda-ley  yidds  glycodyslysinaaan  amorphous  precipi- 
tate eaisily  soluble  in  methyl  alcohol,  eUier,  and  chloroform.  The  same  sobstanee 
appears  to  be  formed  by  heating  glycocholic  add  to  190^-200°.  It  is  a  perfectly  in- 
different body,  and  when  boiled  with  alcoholic  potash  does  not  yield  either  oholie  or 
glycocholic  acid ;  but  when  boiled  for  a  long  time  with  hydrochloric  add  it  yields 
glycodne  (Lang,  loo,  eit,) 

Crystals  of  this  mineral  from  the  Binnenthal  exhibit  the  following 


OoOoO  .0.00  0. 

00  Ooo  .00  0,  of  the  true  character  of  tin-stone. 
ooOoo .  00O.O.2O2.8OS. 
QoOoo .  oe>0.202.{Oi. 

OoOoO  .  O0O.O.2O2.6O6. 

(A.  Sciirauf,  Jahrbuch/ur  Mmeraloyift  1874,  p.  960.) 

BISMUTH.  Occurrence, — Bismuth  and  several  of  its  compounds  have  lately 
been  found  in  condderable  quantities  at  Meymac  in  the  department  of  the  Gora&se, 
France  (Gamot,  Compt.  rend.  Ixxix.  802,  477) ;  also  in  the  district  of  Colorado^  UJS. 
(Burkart,  Jahrbuohf,  Mineralope,  1874,  29) ;  and  in  Utah  (Burkart,  ibid,  810). 

Native  Biamuth  occurs  at  lifeymac  in  irregular,  brittle,  white,  lamellated  nodnlee, 
having  a  crystalline  fracture,  and  becoming  ied.  on  exposure  to  the  air :  compontion — 

Bi.  Pb.  Fe.  Sb.  As.  S. 

9900         0-41         010         015         009         006  =  99-81. 

Bismuth  Carbonate,  or  BiemtUite,  is  imported  from  Mexico  (locality  not  eoEacUy 
known)  in  large  quantities,  and  in  a  tolerably  pure  state.  It  forms  greyish-white, 
turbid,  crystalline,  or  compact  lumps,  from  the  size  of  a  pea  to  that  of  a  hasel-nut, 
frequently  also  pseudomorphs  after  schoelite,  not  hitherto  observed.  These  pseudo- 
morphous  crystsus  are  either  pyramidal  or  tabular ;  the  tabular  crystals  are  commonly 
united  in  rosette-shaped  or  spherical  groups,  and  indistinctly  developed,  whereas  the 
pyramidal  crystals  are  for  the  moat  part  very  -well  defined,  with  sharp  edges  «id  even 
fieeB,     The  pjrr.imid  P  and  the  dome  !?«>  occur  \Ii^csl^\\^^\vVV^^\3li^^BiSllSK\H^ 
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man  frequent.    The  most  ordinary  combinations  are  2Pao  .  oP  |io<i  P  •  oP.    The 
tabular  eiystals  exhibit  the  faces,  oP,  ^P,  as  well  as  aoP. 
This  bismutite  gave  bj  analysis — 

B1«0».  (X)».  80».  BK),       BmLdvtb, 

80-10        7-00        0-27         1-80        030 -99-47 

(Freniel,  JaMuehf.  Minmdogie,  1873,  785.) 

A  basic  kydrooathonaU,  probably  2Bi*0*.BiH)*(H^.C0'),  oocors  at  Hoymae, 
generally  snrroimding  natiTe  bismuth,  and  adhering  to  it.  Sp.  gr.  9*22.  Opaqne. 
8emi-Titzeons.  Fxaetnre  conchcndal.  Brittle.  Esisily  pnlyerised.  Colour  yellowish 
green.  Soluble  in  hydrochloric  add  with  efferrescenoe.  Before  the  blowpipe  on 
charcoal  it  easily  yields  a  metallic  button.  It  contains  96*70  per  cent,  of  bismuth 
oxide,  with  small  quantities  of  the  oxides  of  the  metals  which  accompany  the  native 
bismuth  in  the  same  locality,  and  0-68  per  cent,  of  carbonic  acid  (^Garnot). 

BUmutk  IHmdpkide  or  Bismutkinitet  Bi^,  occurs  at  Meymac  m  crystalline ; 
resembling  native  antimony  sulphide.    Sp.  gr.  =>  6*60 :  composition — 


BI. 

8. 

Pb. 

On. 

Fe. 

Bb. 

As. 

Oftngue. 

78-40 

14*25 

076 

0-40 

0-63 

0-85 

810 

0-90-99*18 

The  same  mineral  occurs  in  southern  Utah  mixed  with  oxide  and  hydrocarbonate, 
tlie  last  two  species  being  doubtless  formed  by  the  alteration  of  the  sulphide  (Silli- 
man.  Am,  J,  qf  8ci,  [8],  vi.  126). 

BtBrnuikic  Mispifikd  occurs  at  Meymac  in  crystalline  masses,  closely  resembling 
ordinary  mispickd ;  the  white  fracture  sometimes  becomes  slightly  red.  Composition : 
I,  a  mass  of  dystalline  texture ;  II,  a  fragment  having  crystalline  £sices. 

Water  sad 
Fe.  Bl.  Pb.  Go.  8b.  Ab.  8.         Guigne.       loss. 

I.  31-90         1-62         010         016         1*70       4015       16-84       6*10       1-93-100 
U.  2871        6*58        0*10        1*07         1'50       39*30       14*60       5*70       2*44 » 100 

Cobalt  may  easily  be  detected  by  the  blowpipe.  In  bulk,  the  mineral  yielded 
8  grams  of  silver  per  100  kilos,  and  a  quantity  of  gold  too  small  for  estimation.  It 
may  be  regarded  as  a  mixture  of  bismuthic  mispickel  having  some  of  the  iron  re- 
placed by  bismuth  and  cobalt,  with  true  mispickel. 

Telluric  Biimuth. — Specimens  of  this  mineral  were  lately  sent  to  the  Boyal 
Mineral  Cabinet  of  Freib^iip;,  from  Orawicza  in  the  Banat,  where  it  occurs  in  laminar 
or  granulo-laminar  groups,  imbedded  in  calcspar,  and  accompanied  by  zisc-blendA  and 
a  metallic  steel-grey  mineral,  probably  fahl-ore.  It  exhibits  a  strong  metallic  lustre 
on  the  very  perfect  basic  cleavage-face. 

Its  chemical  composition  (after  deduction  of  an  insoluble  silicate)  was  found  to  be 
66*23  p.c  BL,  25*92  Te,  and  4*26  S,  agreeing  with  that  of  the  telluric  bismuth  of 
Schubkau,  near  Schemnitz. 

The  bismuth  and  tellurium  were  separated  by  precipitating  them  as  sulphides,  and 
treating  the  precipitate  with  hydrogen  sulphide,  which  dissolves  only  the  tellurium. 
The  separation  cannot  well  be  efiected  b^  precipitating  the  bismuth  as  basic  chloride, 
inasmuch  as  the  precipitate  always  cames  tellurium  down  with  it  i  neither  can  it  be 
effected  by  precipitating  the  tellurium  with  sul|>hurous  add,  since  a  sm^  quantity 
of  bismuth  is  slways  thrown  down  at  the  same  time  (Frensel,  Jdkrh,  /.  Min,  1874, 
785). 

Preparation  of  pure  Bismuth, — 1.  7b  obtain  Biemuth  free  from  arsenic 
and  sulphur.  The  metal  is  heated  considerably  above  its  melting  point  in  a  vessel 
which  exposes  a  large  sur£M*e  to  the  air,  so  that  about  a  fourth  of  it  may  be  oxidised, 
the  oxide  being  thrown  to  the  sides  of  the  vessel  as  fast  as  it  is  formed.  The  mass 
when  cold  is  pulverised,  mixed  with  charcoal,  dried  soap,  and  potassium  carbonate 
f^ee  from  sulphate  (about  a  fourth  of  the  weight  of  the  original  metal);  and  the  mix- 
ture is  introauced  into  a  crucible  of  which  it  fills  about  five-sixths,  then  covered 
with  charcoal,  and  heated  to  redness  for  an  hour.  The  metal  thus  obtained  contains 
potassium,  becomes  moist  when  exposed  to  the  air,  and  when  thrown  into  water, 
especially  hot  water,  eliminates  a  la^  quantity  of  hydrogen.  To  free  it  from  this 
impurity  it  is  once  more  ftised  in  contact  with  the  air,  whereby  the  potassium  is  con- 
verted into  oxide,  which  separates  as  a  white  film  on  the  surface  of  the  molten  bismuth 
(M6hu,  Pharm,  J,  Trans,  [3],  iv.  341). 

2.  Separation  qf  Iron, — Bismuth  absolutely  free  from  iron  may  be  prepared  with* 
out  loss  by  fusing  Uie  ordinary  metal  under  a  layer  of  potassium  chlorate  mixed  with 
2  to  6  per  cent,  ot  sodium  carbonate  (H.  Tiirach,  J,  pr.  Chem,  [21,  xiv.  309). 

The  separation  of  bismuth  and  iron  in  the  wet  way  is  best  effected  by  precipitation 
with  oxalic  acid,  which  throws  down  fW)m  slightly  acid  solutions  a  white  crystalline 
precipitate  of  bismuth  oxalate,  which  is  perfectly  free  from  iron,  provided  it  ia  not 
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left  too  long  in  contact  with  the  licjnid  or  diffested  on  the  irater-bath.    The  oxalaU  ii 
resolred  by  ignition  into  carbon  dioxide  and  metallic  bismuth  (Tonch). 

3.  Sedation  of  Silver. — Small  quantities  of  silver  cannot  be  removed  from  hifmnth 
by  precipitation  with  hydrochloric  add.  The  only  way  of  effecting  the  scpawdon  is 
to  oxidise  the  bismuth  and  leaye  the  silyer  in  the  metallic  state  (Tnraeh). 

4.  Separation  qfLead. — ^According  to  A.  Vogel  (N,  Sep,  Pkarm,  xxii,  474)  this 
separation  is  best  effected  by  precipitating  the  lead  with  excess  of  snlpliiuie  add. 
The  whole  is  then  evaporated  to  dryness,  the  residue  drenched  with  solphiirie  add, 
and  after  the  action  of  this  add  has  gone  on  for  several  hours,  the  liquid  is  difaitsd 
with  water  and  Altered,  and  the  rendue  is  washed  with  sulphuric  add. 

Volumetrio  E$timation, — ^Buisson  a.  Fenay  (Moniieur  ioientifigue  [$],  iiL 
900),  describe  a  method  fmmded  on  the  complete  predpitability  of  biamutli  in  aestie 
acid  solution  by  iodic  add,  as  neutral  bismuth  iodate,  Bi(IO')'.  Bade  bismuth 
nitrate  (the  compound  to  which  the  method  is  most  frequently  applied]!  is  first  dis- 
solved in  a  few  drops  of  nitric  add ;  the  solution  is  cardhll^  diluted  with  wmtar  and 
mixed  with  sodium  carbonate  till  a  slight  permanent  predpttate  is  formed ;  this  pvs- 
dpitate  is  dissolved  in  excess  of  acetic  add ;  the  solution  is  mixed  with  ezeea  of  a 
titrated  solution  of  iodic  acid  (80  grams  of  crystallised  iodic  add  to  1  litre  of  wattf) ; 
and  the  whole,  after  dilution  to  250  c.c  and  brisk  agitation,  is  filtered  thronigh  a  diy 
filter.  The  excess  of  iodic  add  is  then  estimated  in  100  c.c.  of  the  clear  fiunteb  hj 
liberating  the  iodine  with  dilute  sulphuric  add  and  solution  of  potasdum  iodide^  aad 
titrating  with  sodium  thiosulphate.  The  difierence  between  Uie  quanti^  of  iodie 
add  actually  added,  and  that  which  remains  unaltered  after  the  predpitimon,  gives 
the  quantity  of  bismuth  iodate  produced,  whence  also  the  amount  of  bismuth  may  ha 
easily  calculated.  Oxychloride  of  bismuth,  being  insoluble  in  acetic  add,  cannot  ba 
determined  in  this  manner :  hence  also  the  reagents  employed  in  the  proeeM  above 
described  must  be  free  from  chlorine.  If  the  banc  nitrate  of  bismuth  is  adultantad 
with  lead  and  barium  salts,  these  must  first  be  removed  by  a  sulphate.  Tin  and  anti- 
mony compounds  are  eliminated  in  the  previous  treatment  with  nitric  add. 

Muir((7A0m.  Soc.  Jour.  1876,1.483;  1877,  ii.  674;  1878,  i.  70)  has  gjven  hn 
methods  for  the  volumetric  estimation  of  bismuth : 

(1).  A  nearly  neutral  solution  of  bismuth  nitrate  is  precipitated  by  potastmm 
chromate  or  tUokromate,  and  the  critical  point  is  ascertained  l^  testing  the  eletr 
solution  from  time  to  time  with  diver  nitrate  till  red  silver  chromate  is  prodnead,  the 
strength  of  the  chromium  solution  having  been  previously  determined  by  means  of  a 
bismuth-solution  of  known  strength.  (3ilorine,  sulphuric  add,  caldum,  oopfMr,  and 
arsenic  interfere  seriously  with  the  results  of  this  method,  and  must  therefore  ba 
removed  before  the  titration  is  commenced. 

The  second  and  third  processes  are  based  on  the  &ct  observed  by  Chancel,  that 
bismuth  is  precipitated  in  the  form  of  phosphate  by  adding  a  soluble  pkoepkaie  to  a 
solution  of  the  metal  in  nitric  acid. 

(2).  The  bismuth  is  thrown  down  from  a  nitric  acid  solution,  after  partial  nenttal- 
isataon  with  ammonia,  by  addition  of  standard  solution  of  sodium  phosphate,  the  final 
point  of  the  reaction  bdng  ascertained  by  spotting  the  supernatant  liquid  on  a  slab 
with  a  warm  solution  of  ammonium  molybdate.  The  results  are  approximatdy 
accurate. 

(3).  The  nitric  acid  solution  of  bismuth  is  mixed  with  excess  of  sodium  aostafte ; 
a  measured  volume-excess  of  standardised  sodium  phosphate  is  added ;  the  liquid  is 
boiled  and  filtered;  the  predpitate  is  washed  with  hot  water;  and  the  ezcen  of 
phosphoric  acid  is  determined  in  the  filtrate  with  a  standard  solution  of  uranium  ae^ 
tate.  This  method  gives  veiy  exact  results,  and  is  much  to  be  preferred  to  dther  of 
the  two  previously  described. 

(4).  This  method  is  based  on  the  fact  observed  by  Souchay  a.  Lenssen,  that  normal 
bismuth  oxalate,  when  boiled  with  water,  splits  up  into  oxalic  add  and  a  basic 
oxalate,  BiHy.2CHy*  -i-  HK)  (iv.  263).  An  excess  of  saturated  solution  of  ozalie  add 
is  added  to  the  bismuth  solution,  the  precipitate  allowed  to  settle,  the  supernatant 
liquid  poured  off,  and  the  predpitate  boiled  with  water  until  free  from  amd.  The 
residue  is  now  dissolved  in  dilute  hydrochloric  acid  and  titrated  with  permanganate. 
The  absence  of  free  hydrochloric  add  must  be  ensured  before  predpitating.  The 
results  are  accurate,  and  the  method  is  generally  applicable. 

Bromides  (Muir,  Chem.  Soo,  J.  1876,  i.  144).  The  tribromide,  BiBr*,  ia  most 
easily  prepared  by  allowing  bromine  to  fiow,  in  successive  small  quantities,  on 
powdei^d  bismuth  contained  in  a  retort  with  the  beak  tilted  upwards.  Much  heat  is 
evolved  during  the  reaction :  when  the  mass  has  become  cold,  a  very  low  flame  is 
placed  at  a  considerable  distance  beneath  the  retort;  the  heat  is  maintained  and 
^ladualJv  increonod  duri.ug  sbvoral  days,  vrbcu  lar^,  fiat,  brilliant,  golden-yellov 
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crystals  form  is  the  upper  part  of  the  retort,  at  a  distance  of  an  inch  or  so  above 
the  heated  mass.  The  same  compound  is  formed  by  passing  carbon  dioxide,  saturated 
with  bromine  vapour,  oyer  heated  bismuth ;  but  the  process  abore  described  yields  it 
in  greater  quantity  and  with  less  expenditure  of  bromine.  Bismuth  tribromide  melts 
at  210<»-316^ 

]^amtith  tribromide,  gently  heated  in  a  current  of  hydrogen,  melts  to  a  dark  red 
liquid,  which  partially  sublimes  on  the  colder  part  of  the  tube  in  yellow  crystals,  and 
ii  partly  reduced  to  metallic  bismutli. 

Hie  tribromide  is  instantly  decomposed  by  uxUer,  yielding  the  oxybromide, 
KOBr,  in  the  form  of  a  white  loose  amorphous  powder,  insoluble  in  water,  unaltered 
at  a  red  heat,  converted  into  the  tribromide  by  heating  with  charcoal  in  a  stream  of 
dxy  chlorine. 

JHbromide,  Bi^Br*. — In  the  preparation  of  the  tribromide,  dark  grey  crystalline 
aeales  are  generally  produced,  mixed  with  the  yellow  crystals.  When  separated  from 
the  latter  as  oompletely  as  possible,  they  give  by  analysis  44*37  per  cent  bromine, 
the  formula  of  the  dibromide  requiring  48*24.  By  continued  heating,  these  dark 
grey  crystals  are  gradually  resolved  into  the  tribromide  and  metallic  bismuth,  the 
deeompoeition  tiJung  place  at  a  temperature  much  lower  than  that  of  the  correspond- 
ing didiloride  (Muir).  Macivor  {Cnem.  News,  xxx.  190),  by  heating  finely- powdered 
htennth  with  bronune,  obtained  a  dark  grey  solid  (probably  also  the  dibromide), 
melting  at  198^-200°  to  a  dark  red  liquid,  anil  boiling  at  a  heat  below  redness.  It 
18  deeeribed  as  insoluble  in  carbon  sulphide,  alcohol,  and  ether,  dissolved  by  hydro- 
ehlorie  acid,  decomposed  by  nitric  acid,  also  by  water  with  formation  of  an  oxybromide. 

Ammoni(hbromides. — These  compounds  are  formed  by  the  action  of  ammonia 
gas  on  the  tribromide  and  oxybromides  of  bismuth  (Muir,  Cknn,  8oo,  J.  1876,  i.  147; 
1877,  i  27). 

(a.)  Bismuth  tribromide  heated  in  a  stream  of  dry  ammonia  gas  vields  chiefly 
three  products:  (I,)  BiBr'.SNH',  in  the  form  of  a  volatile,  straw-yellow  powder, 
■olable  in  hydrochloric  acid,  and  forming  a  solution,  which,  when  evaporated  over 
■uljplnune  acid,  deposits  light  yellow,  deliquescent,  tabular  crystals  of  the  compound 
Bifiz'.SNHKA  +  H^O.  which  is  immediately  decomposed  by  water.  (2.)  An  olive-green 
solid  mass,  diiBcult  to  separate  from  the  sides  of  the  tube,  deliquescent,  and  decom- 
poeed  by  water.  Its  composition  has  not  been  exactly  ascertained,  on  account  of  the 
difllenlty  of  obtaininff  it  pure,  but  is  most  probably  represented  by  the  formula 
BIBt'.2KH*.  Its  hjrorochloric  acid  solution  yields  by  slow  evaporation  crystals 
having  the  composition  BiBr*.2NH*CI -i- SH'O,  analogous  to  that  of  the  double 
ehloride,  BiCl".2NH<Gl,  described  by  D^h^rain,  and  to  that  of  the  double  bromide, 
BiBr'.2NH«Br  +  6H*0,  described  bv  Niklis  (let  Suppi,  847).  (8.)  An  ash-grey, 
eiTstalline^  infusible,  and  non-volatile  substance,  not  decomposed  by  water  or  alkalis, 
but  giving  off  ammonia  when  heated  with  soda-lime.  The  quantity  obtained  was  too 
■mall  for  an  exact  determination  of  its  composition,  but  it  appears  to  agree  most 
nesorlj  with  the  formula,  BiK*Br. 

(o.)  Another  ammonio-bromide,  2BiBr'.5NH*,  is  formed  when  the  oxybromide, 
Bi'AfO^,  is  heated  to  dull  redness  in  a  stream  of  dry  ammonia  gas,  and  condenses  in 
the  colder  part  of  the  tube  in  the  form  of  a  greyish-green  powder,  while  metallic 
bismuth  remains  in  the  form  of  semi-fused  globules.  The  same  oxybromide  is  ob- 
tained, though  in  smaller  quanti^,  bv  the  action  of  ammonia  gas  on  heated  bis- 
mnthyl  brondde^  BiOl^.  It  is  non-deliquescent,  and  is  not  decomposed  by  water, 
diaeolves  readily  in  dilute  acids,  and  is  decomposed  by  nitric  acid  with  evolution  of 
bromine.  When  heated  it  gives  off  fomes  of  bismuth  tribromide,  and  is  almost 
wholly  volatilised,  leaving  omy  a  small  residue,  apparently  consisting  of  the  oxybro- 
mide, Bi'Bz'O".  Its  solution  in  hydrochloric  add  evaporated  over  sal]^uric  acid 
deposits  hurge,  pale  yellow,  tabular  crystals  of  the  salt,  2BiBr*.5NHK)l  +  H'O,  analogous 
to  the  double  chloride,  2Bia.6NH^,  described  by  D^^rain  {let  Supfl.  847).  This 
hromochloride  is  immediately  decomposed  by  water,  yielding  a  milky  hquid,  probably 
eontaining  both  oxychloride  and  oxybromide  of  bismuth. 

Oxyftromtrfs*.— The  compound,  Bi»Br«0'»  =  3Bi«0».2BiBr»,  is  formed:  (1.)  Asa 
■eoondary  product  in  the  preparation  of  the  tribromide  by  heating  bismuth  with 
bromine  m  contact  with  air,  and  remains  after  the  volatilisation  of  the  tnbromide  in 
the  form  of  a  greyish-yellow  non-volatile  powder.  (2.)  By  the  action  of  gaseous  nitro- 
sen  trioxide  (obtained  by  heating  starch  with  nitric  acid)  on  fused  bismuth  tribromide. 
It  is  insoluble  in  water,  but  dissolves  easily  in  strong  nitric  and  hydrochloric  acid,  less 
easily  in  dilute  nitric  acid.  It  is  not  altered  by  contact  with  the  air.  When  heated 
with  charcoal,  it  is  reduced,  with  formation  of  tribromide.  Heated  to  low  redness  in 
a  stream  of  hydrogen,  it  becomes  reddish-brown,  and  finally  black,  a  bismuth  com- 
pound being  at  the  tnmo  time  mcchnnicnlly  carried  forward  by  tlic  iitrcam  of  gas: 
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the  final  product  of  the  acUon  is  metallic  bismuth  (Muir,  Chem,   800,  J.  1870i  iL  12; 

1877,  ii.  187). 

Another  oj^bromide,  BiiiBr'Oi'»7BiOBr.2Bi>0>,  perhaps  bimmih^  oryftpiwtft, 
(BiO)"Br'0',  is  formed  by  gently  heating  dry  bismuth  trioxide  for  •eraral  hom 
with  excess  of  bromine.  It  is  a  cream-coloured,  amorphous,  non-deliquesoeot  poivdn; 
not  altered  by  exposure  to  the  air.  When  heated  it  becomes  sligfatl?  dailnr,  bit 
does  not  decompose,  and  the  original  colour  is  restored  on  cooling.  The  eompoond 
is  insoluble  in  water,  whether  hot  or  cold ;  it  dissolves  easily  in  hydiochlorieaiidiiitrie 
adds,  the  latter  if  concentrated  giving  rise  to  disengagement  of  bromine  (Muir,  t6idL 
1877,  i.  26). 

3.  Biamuthyl  bromide,  BiOBr,  appears  to  be  formed  by  heating  the  trioxide  with 
the  tribromide  (Muir). 

Cliloiides.  The  trichloride,  BiGl',  is  easily  prepared  by  patsing  dry  dUoriie 
into  a  retort  containing  powdered  bismuth ;  the  retort  is  tilted  upwards,  and  the  tube 
which  conducts  the  chlorine  is  connected  with  the  beak  of  the  retort.  In  order  to 
avoid  the  introduction  of  moisture  from  the  air,  a  tube  passes  through  a  tiglitly 
fitting  cork  in  the  tubulus  of  the  retort  into  a  drying  cylinder  containing  ttzDqg  ni- 
phurtc  acid,  from  whence  the  excess  of  chlorine  is  conducted  to  the  dranght-chambsr. 
The  chlorine  and  bismuth  unite  readily,  forming  in  the  first  instance  a  black  fanbU 
substance,  consisting  of  the  dichloride,  BiK9^;  but  this,  after  awhile,  givee  plaei 
to  a  clear,  light  amber-bellow  Uqnid  which,  on  long-continued  but  gentle  heatiogi  is 
resolved  into  metallic  bismuth  and  the  trichloride,  the  latter  subliming  in  oyiitalf 
which  melt  at  226^-230^.  The  trichloride,  gently  heated  in  a  stream  of  hydzQ^w,  is 
reduced  to  the  black  dichloride,  which  however  at  a  higher  temperatursj,  is  de- 
composed as  above  into  Bi  and  BiCl*.  It  does  not  appear  possible  to  obtain  a  cfakiridi 
of  bismuth  higher  than  the  trichloride  (Muir,  Chem.  8oe.  J.  1876,  i.  144). 

Oxychlorides. — The  only  oxychloride  of  bismuth  hitherto  known  is  Inimvthji 
chloride,  BiOCl,  formed  by  the  action  of  water  on  the  trichloride,  or  hj  poaring 
bismuth  nitrate  into  a  solution  of  common  salt  (i.  591).  MvdiiChem, 80c.  Jour,  1877t 
ii.  134)  has  obtained  another:  (1).  On  gently  heating  the  tnchloride  between  two 
watch-glasses,  one  portion  of  that  compound  sublimes  in  crystals,  while  the  remainder 
is  converted  by  oxidation  into  a  reddish-^Uow,  highly  crystalline,  heavy  powdsr, 
which  may  be  freed  from  undecomposed  tnchloride  by  washing  with  water,  the  light 
bismuthyl  chloride  thereby  produced  being  easily  separated  by  levigation.  (2,)  Bjr 
the  action  of  nitrogen  trioxide  on  fdsed  bismuth  trichloride.  The  oxychloride  pre- 
pared by  either  of  these  processes  gives,  as  a  mean  result  of  analysis,  81*86  per  eeot 
bismuth,  13*63  chlorine,  and  (by  difference)  4*61  oxygen,  a  result  whidi  agreca  eqaallj 
well  with  either  of  the  formulae  Bi»Cl»0»=Bi(BiO)«01«,  or,  Bi*ClW-BiW3iW. 

This  oxychloride  of  bismuth  is  permanent  in  the  air,  insoluble  in  water,  and  aot 
decomposed  thereby.  It  dissolves  in  hot  hydrochloric  or  nitric  add,  lesa  readily  ia 
hot  sulphuric  acid.  When  boiled  with  caustic  soda,  it  slowly  gives  up  its  chlonae, 
and  is  converted  into  trioxide.  It  is  not  changed  by  heating  over  aBunsen  lamp^bat 
at  an  incipient  white  heat  it  gives  off  white  fumes,  and  melts  to  a  yellowish  pasty 
mass  containing  a  considerable  quantity  of  chlorine,  and  apparently  eonsisting  of 
undecomposed  oxychloride.  By  gentle  heating  in  dry  hydrogen  it  is  gradaally  redneed 
to  metallic  bismuth. 

The  action  of  chlorine  on  hot  bismuth  trioxide  produces  nothing  but  the  triciilofide. 

On  Ferricyanides  of  Bismuth,  see  CriinDBS. 

Ozldea  and  Bjrdratea  (Muir,  Chem.  80c.  Jour.  1876,  i.  149 ;  1877,  i.  29,  647; 
ii.  128).    The  following  hydrates  of  bismuth  are  known  : — 

(1).  Bi«0».8HH)  (2).  Bi«0«.2H»0  (3).  Bi*0«.H«0 

Binnathoiis  TrlhTdrate.  Bimnuthons  Dihydrate.        Bismuthons  Monoliydnite. 

(4).  BiK)12HK)  (6).  Bi«0«.HH)  (6).  BiW.HK) 

Hypoblsmuthio  HjpobiBmnthlo  Bismuthlo 

Dihydnite.  Monotaydrate.  Hydrate. 

Regarding  bismuth  as  quinquivalent,  these  six  hydrates  may  be  represented  by  the 
following  constitutional  formulae,  which  exhibit  their  formation  one  from  the  other  by 
successive  substitution  of  0  for  OH : — 

Bi(OH)'  .Bi(OH)«  •MV^"^ 


i(OH) 

Bi(OH)'  0=Bi(OU)  0=Bi(OH) 

(4).  0/1^0  (.i).  1^0  (6).   CK^'So 

BiCOII)»  0=Ui(^011)  0==Bi(,Ofl) 
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The  hjdntee  4  and  5  are  obtained  from  I,  2,  or  3  by  the  action  of  oxidising  agents  ; 
6  is  prodnoed  from  the  others  bj  the  action  of  very  energetic  oxidisers,  and  is  easily 
veetmTvrted  into  1,  2,  or  8.  The  three  bismuthons  hydrates  may  also  be  represented 
M  eompounds  of  trivalent  bismuth,  thus : — 

(1).  Bi(OH)«  (2).  0<®jggj  (8).  0=Bi(OH); 

and  bianrathic  hydrate  may  be  represented  by  the  simpler  fbrmnlm,  BiHO'aiBiOXOH), 
aoftlopms  to  that  of  nitric  add. 

Bismnthie  hydrate  is  prepared  by  the  action  of  chlorine  on  the  triozide  sus- 
pended in  a  sdntion  of  caustic  potash  (i.  694).  It  is,  howerer,  very  apt  to  retain 
potash ;  and  to  obtain  a  pure  product  it  is  necessary  to  use  very  strong  potash,  con- 
tiniie  the  passage  of  the  chlorine  till  the  whole  of  the  triozide  is  conyerted  into  a 
dflOM  chocolate-red  powder,  subject  this  powder  to  prolonged  washing  with  boiling 
water,  then  warm  it  gently  with  strong  nitric  acid  for  a  few  seconds  only,  and  finally 
wash  away  the  acid  with  water. 

Biamuthic  hydrate,  heated  to  120°,  gives  off  water  and  leaves  the  pentozide,  BiH)K 
Tliia  oxide  begins  to  give  off  ozygen  at  150°,  is  reduced  to  tetrozide,  Bi'0^  at  225°, 
and  to  triozide,  BiK)*,  at  a  somewhat  higher  temperature. 

Blomuthic  hydrate  dissolves  easily  in  strong  nydrochloric  acid,  with  evolutien  of 
dilorine ;  in  stronff  sulphuric  acid  only  after  prolonged  digestion.  Each  of  these 
selutions  gives  with  caustic  potash  a  pale  yellowish-white  fiocculent  precipitate,  that 
ftom  the  hydrochloric  acid  solution  consisting  of  BiK)'.2H*0,  and  that  from  the 
ndphnrio  acid  solution  of  BiK)'.H<0. 

The  hydrogen  in  bismnthie  hydrate  is  not  replaceable  by  metals ;  in  other  words, 
there  are  no  nits  of  bismuth  analogous  to  the  nitrates  or  metaphosphates.  Arppe, 
indeed,  deeeribed  an  acid  bismuthate  of  potassium,  Bi'KHO*,  said  to  be  obtained  by 
boilii:^  bismuthio  hydrate  with  potash  (i.  595).  Muir,  however,  finds  that  not  a 
trace  of  bismuth  is  taken  up  in  this  process,  the  solution  containing  nothing  but 
potassium  hydrate  mized  with  carbonate.  Neither  can  an  ammonium  bismuthate  be 
obtained  by  similar  treatment,  nor  a  potassium  bismuthate  by  fusing  either  of  the 
oxides  or  the  metal  itself  with  potash. 

yBiO(OH) 

Hvpobismuthie  Hydrates. — The  monchydraiet  BW*.BK>  or  0<  \  ,18 

\BiO(OH) 
obtained  by  the  action  of  chlorine  on  bismuthous  ozide  suspended  in  a  solution  of 
eanatic  potash  somewhat  weaker  than  that  required  for  the  preparation  of  bismnthie 
hydrate,  the  passage  of  the  gas  being  stopped  as  soon  as  tne  ozide  is  transformed 
into  a  chocolate-brown  powder.  On  washing  this  powder  till  it  is  free  from  alkali, 
and  boiling  it  for  a  few  minutes  with  a  little  strong  nitric  acid,  a  reddish-yellow  sub- 
stance is  obtained,  which,  when  washed  free  from  acid  and  dried  over  sulphuric  acid, 
presents  the  appearance  of  a  brownish-yellow  amorphous  powder. 

This  substance  is  hypobismuthic  hydrate.  It  remains  unaltered  at  100**,  gires  off 
S'TS  per  cent,  water  at  180° ;  4*26  per  cent,  (in  all)  at  160° ;  becomes  dark  brown 
without  further  loss  of  water  at  190° ;  begins  to  decompose  at  about  250°  ;  and  when 
heated  over  a  lamp,  quiekljr  becomes  light  yellow,  indicating  the  conversion  of  the 
biamuthoso-bismuthic  oxide  into  bismuthous  oxide. 

Hypobismuthic  hydrate  is  insoluble  in  water,  whether  hot  or  cold ;  dissolves 
readily  in  hydrochloric  acid  with  evolution  of  chlorine ;  very  slowly  in  strong  nitric 
add.    It  does  not  form  a  potassium  salt  when  boiled  with  potash  (Muir). 

Hwcbitmuthie  Dihydratet  BiK)^.2H'0,  is  formed,  according  to  Schroder  {Liebig's 
Annmen,  cxxi.  204),  by  passing  chlorine  into  caustic  potash -solution  of  sp.  gr.  1*385, 
in  which  bismuthous  oxide  is  suspended,  and  boilins  the  red  or  brown  substance 
thereby  obtained  with  streng  nitric  acid.  It  gives  offits  water  at  150°,  and  becomes 
light-brown,  but  is  reconverted  into  the  original  hydrate  by  boiling  in  the  dry  state 
with  nitric  acid. 

Bi=0 

Hvpobismuthous  Oxide,  or  Bismuth  DioxidCfBiH)*  '^  I         . — This  ozide 

Bi=:0 
is  formed  by  the  action  of  the  air  on  metallic  bismuth,  heated  a  few  degrees  above  its 
melting  point,  and  by  the  action  of  various  reducing  agents  on  bismuthous  salts. 
Schneider  prepared  it  by  dissolving  Bi'O'  and  SnCI'  in  equivalent  proportions  in 
hydrochloric  acid,  pouring  the  solution  into  rather  strong  aqueous  potash,  and  washing 
the  resulting  black-brown  precipitate  of  SnO'  and  Bi^O'  with  strong  potash,  which 
removes  the  stannic  oxide  {1st  Suppl.  348).  Muir  recommends  that  the  washing 
with  potash  be  conducted  in  a  stoppered  flask  nearly  filled  with  the  liquid,  and  the 
resulting  ozide  dried  in  a  vacuum  over  sulphuric  acid.  As  thus  prepared,  it  is  a 
black,  non-metallic,  finely  eiystalline  powder.    Schneider  states  that  it  is  very  easily 
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oxidisable,  bnTning  in  the  air  like  tinder.  Mnir,  on  the  other  hftod  ftndi  tlat  it 
oxidises  slowly  in  the  air  when  moist,  passing  into  bismnthous  dihTdnte,  BiV^AIPO, 
bnt  that  when  dried  it  remains  perfedij  unaltered  in  the  air  ibr  a  oonndanliU  tauL 
Heated  in  the  air  to  180^  it  changes  colour  very  slowly,  but  when  heated  Ofwa 
Bunsen  flame  it  is  at  once  converted  into  the  yellow  trioxide.  It  is  easily  Zfdvesd  to 
metal  by  heating  on  charcoal  in  the  inner  blow-pipe  flame,  or  in  hydrogMi  or  cnta 
monoxide ;  heated  in  carbon  dioxide,  on  the  other  hand,  it  undergoes  slow  caadatJofc 
A  boiling  concentrated  solution  of  potash  decomposes  hypobismuthous  oxide,  wpuit* 
ing  metSlic  bismuth.  Hot  dilute  hydrochloric  acid  dissolTes  it  partially,  alio  lecria^ 
metallic  bismuth.  Dilute  sulphuric  acid  acts  similarly,  but  dissolTea  s  miieb  nnUir 
quantity  of  the  oxide.    Dilute  nitric  acid  dissolves  it  readily. 

On  OXT-8A&T8  Or  BZ8BCUTB  (Chromates,  Stannatee,  Thiotnlphates),  m 
the  several  Acms. 

Native  bismuth  trisulphide  (p.  327). 

Native  bismuth  carbonate  (p.  326). 

%  0»H*NW-NH<^^^21.    This   compound  is  formed  by  beatia| 

amidodicyanic  acid  with  n  mixture  of  1  pt.  strong  sulphuric  acid  and  2  pta.  water  fbr 
some  hoars  to  60*'-70°  :— 

00<^]^>CNH  +  H«0  =  NH(CONH»)». 

A  mixture  of  equal  parts  of  water  and  strong  nitric  acid  produces  the  aune  efleet; 
strong  hydrochloric  acid  acts  but  slowly  (K.  Baumann,  Deut,  Chem,  G$9.  B§r,  viii. 
708). 

SUver-oompaunds, — When  2  mols.  of  silver  nitrate  are  added  to  a  satimited  aqveow 
solution  of  1  mol.  of  biuret,  and  then  gradually  ammonia  or  dilute  soda,  a  white  pn- 
cipitate  is  formed,  which  soon  blackens  on  exposure  to  light,  and  has  the  oomposttiQB 
C*H*Ag^*0'.  It  is  readily  soluble  in  nitric  acid  and  ammonia,  and  Bftmoijtf  in 
soda.  By  decomposing  it  with  hydrogen  sulphide  in  presence  of  water,  biuret  is  re- 
produced, and  on  heating  the  diy  compound  in  the  absence  of  air  to  270^-280^,  water 
and  a  little  carbon  dioxide  and  ammonia  are  given  off,  and  a  mixture  of  nlvrr  cyaaids 
and  paracyanide  is  left  behind.  These  results  are  in  contradiction  to  FincUi's  state- 
ment (Ist  Suppi.  350),  according  to  which  the  above  reaction  gives  rise  to  a  predpitato 
having  the  comix>8ition  of  silver  cyanurate,  while  the  solution  contains  ureft.  fm(U 
probably  used  an  impure  biuret  containing  urea  (Bonn6  a.  Gbldenberg,  Dmt,  Cfttsk 
Ges.  Ber,  vii.  287). 

TripropyUhiurett  C*H'(C*H^)*N*0*,  is  formed,  together  with  propylene,  on  dis- 
tilling a  mixture  of  propylsulphate  and  cynnate  of  potassium.  The  propylena  gov 
off  as  gas,  and  a  vellowish  solid  distillate  is  obtained,  which,  after  ciyatalliaatioB 
from  alcohol,  has  the  composition  of  tripropyl-biuret  (Rom'er,  Deut.  Chmn,  Ge$,  Btr. 
vi.  784). 

BZ9LZV.  When  an  alcoholic  extract  of  annatto  is  treated  with  sodium  carbonate, 
a  sodium-compound  of  bixin  is  formed,  crystallising  in  leaflets  having  s  coppny 
lustre ;  and  from  this  salt,  the  colouring-matter  may  be  obtained  in  the  oyatauiDe 
form  (C.  £tti,  Deut.  Chem.  Gcs.  Bar.  vii.  446). 

8&BACBXVO  PO^irBBS.  The  constitution  of  this  substance  haa  lately  ben 
made  the  subject  of  numerous  investigations.  Gopner  {J.pr.  Chem.  [2],  vii.  441)  has 
endeavoured  to  revive  the  old  view  that  bleaching  powaer  is  a  direct  oompoand  of 
chlorine  with  lime,  CaO.Ol^  on  the  ^und  that  when  distilled  with  aqneooa  adds,  or 
exposed  to  the  action  of  carbon  dioxide,  it  gives  off  only  chlorine  unmixed  widi 
chlorine  monoxide : — 

CaOa«  +  SO*H«  =  SO»Ca  +   H^O   +   Cl« 
CaOCI*  +   C0»       =1   CO*Ca  +   CR 

The  constant  presence  of  calcium  chloride  in  bleaching  powder  is  attributed  by  Gopner 
to  the  action  of  hydrochloric  acid  and  carbon  dioxide  mixed  with  the  chlorine  gas, 
the  carbon  dioxide  first  producing  calcium  carbonate,  which  is  then  decomposed  by  the 
clilorine  according  to  the  equation  : — 

CaCO«  +   401  -   a«0  +   CaCl»  +   C0». 

The  same  view  of  the  constitution  of  bleaching  powder  is  advocated  by  Riehter  a. 
Juncker  {Dingl.  pol.  J.  ccx.  21 ;  crxii.  339). 

Schorlommer,  on  the  other  hand,  remarks  (Detit.  Chem.  Ges.  Ber.  vi.  1509;  Gkm. 
Soc.  Jour.  [2],  xii.  335)  that  hypochlorous  acid  is  very  easily  obtained  by  diatilliag 
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WiWMihing  powder  with  the  reqnimte  quantity  of  nitric  acid,  a  colourless  distillate 
being  thereby  produced,  which  bleaches  much  more  strongly  than  recently  prepared 
ehloiliie-water,  and  when  shaken  up  with  mercury  yields  a  considerable  quantity  of 
brown  mercuric  oxychloride  (OmefhCi  Handbook,  yi.  60).  The  fact  that  when 
Ueaehing  powder  is  exhausted  with  successive  small  quantities  of  water,  the  last 
extmcts  still  contain  calcium  and  chlorine  in  the  proportions  required  by  the  formula, 
OfiOGI*,  merely  shows  that  the  product  of  the  action  of  chlorine  on  lime  is  not  a 
mixture  of  calcium  chloride  and  hypochlorite,  (CaCP  +  OaCl'O'),  but  a  compound  con- 

!C1 
QQ,,  as  first  suggested  by  Odling. 

In  the  preparation  of  aqueous  hypochlorous  acid  by  the  action  of  chlorine  on  water 
containing  adcium  carbonate  in  suspension,  the  compound  just  mentioned  is  first 
formed  and  then  decompoeed  according  to  the  equation : — 

See  ftirther  Gopner  (De¥t,  Chetn,  Ge$.  Ber.  -rii.  270 ;  Schorlemmer,  ibid.  682). 

This  view  of  the  constitution  of  bleachiujB^  powder  is  corroborated  by  the  recent 
experiments  of  Kingsett  and  of  EopfBT.  Kingzett  (Ciem.  8oc.  Jour,  [2],  xiii.  404) 
finds  that  bleaching  powder  when  treated  with  water  is  gradually  reeolyed  into 
chloride  and  hypochlorite  of  calcium,  the  latter  of  which  may  be  separated  in  the 
eryBtalline  form  by  exposing  the  filtered  solution  to  a  freezing  mixture,  or  b^  evap- 
orating it  in  a  vacuum  over  oil  of  vitriol.  A  dense  frozen  crystalline  mass  is  then 
obtained,  and  on  leaving  this  mass  to  thaw  upon  a  filter,  a  solution  of  calcium  chloride 
mixed  wiUi  hypochlorite  passes  through,  and  feathery  crystals  remain  on  the  filter, 
very  unstable  out  consisting,  when  recently  prepared,  of  hydrated  caldnm  hypo- 
chlorite, GaCl*0'-*>  4H'0.  ^ese  crystals  smell  of  hypochlorous  acid,  and  are  decom- 
posed by  acids,  with  evolution  of  chlorine.  These  results  show  that  the  bleaching 
powder  contains  either  ready-formed  calcium  hypochlorite  mixed  with  chloride,  or  a 
compound,  GaCl(OCl),  from  which  the  hypochlorite  may  be  formed  by  the  action  of 
watf 


2Caj^^   -   Cnaw  +   CaCl*. 


OCl 


U^  however,  it  consisted  of  a  mixture  of  the  two  salts  in  the  proportion  indicated  by 
tlds  formuUt  it  ought  to  yield  to  alcohol  a  quantity  of  calcium  chloride  equivalent  to 
hidf  the  total  quantity  of  calcium  or  of  chlorine  contained  in  it,  which  is  not  the  case : 
henee  it  muat  be  supposed  to  have  the  constitution  represented  by  Odlinflfs  formula. 

Kopfor  {Cktm.  ooe,  Jowr,  [2],  xiii.  713)  has  studied  the  decomposition  of  bleach- 
ing powder  oy  the  action  of  dilute  acids.  The  bleaching  powder  was  prepared  by  the 
action  of  chlorine  on  slaked  lime  obtained  by  calcination  of  pure  carbonate  or  nitrate 
of  caldnm,  and  was  found  to  have  the  foUowing  composition : — 


Oalcium  hypochlorite  21-46      or     CaJ 


oca 


88-12 


Calcium  chloride     .        .  17*69  GaCl*  1*06 

O^ldum  hydrate      .  47*52  Oa(OH)'  47*62 

Oalcium  oxide .  13-33  GaO  1338 


100-00  10000 

Kow,  on  treating  this  powder,  either  in  the  dry  state  or  in  solution,  with  a  dilute 
minend  acid,  as  nitric,  hywochloric,  or  sulphuric  acid,  in  quantity  such  as  to  saturate 
the  caustic  lime,  and  decompose  the  hypochlorite  whicn  may  be  supposed  to  be 
prwent,  an  aqueous  solution  of  chlorine  monoxide  is  obtained,  almost  pure  and  quite 
free  frt>m  the  smell  of  chlorine,  the  quantity  of  CIK)  thus  formed,  amountinff,  in  the 
moat  favourable  case,  to  about  92  per  cent  of  that  which  corresponds  with  the  hypo- 
thetical hypochlorite.  Hiat  the  solution  thus  obtained  really  contains  chlorine  mon- 
oxide is  further  shown  by  shaking  it  up  in  the  cold  with  a  large  excess  of  mercury, 
whereby  the  brown  oxychloride  of  mercury  is  abundantly  produced. 

These  results  therefore  agree  with  those  of  Kingzett  m  showing  that  bleachine 
powder  contains  either  a  mixture  of  calcium  chloride  and  hypochlorite,  or  the  compound 
OaCl(OCl).  Both  views  explain  equally  well  the  production  of  hypochlorous  acid, 
and  both  aooount  in  a  satismctory  manner  for  the  formation  of  bleacning  powder  by 
the  action  of  chlorine  upon  calcium  hydroxide.  One  atom  of  chlorine  first  replaces 
the  group  OH,  which  combines  in  the  nascent  state  with  the  hydrogen  atom  of  another 
hydroxyf  to  form  water,  whilst  the  second  atom  of  chlorine  goes  into  the  place  of  the 
hydrogen  arom  thuB  removed. 


3:U 


BLOOD. 


Faiiher,  both  Tiews  acconzit  for  the  non-prodootion  of  bleaching  powder  hm 
anhydrous  lime,  whilet  it  is  difflonlt  to  explain  this  &ot  if  Ueechingpowdflr  ii  up. 
posed  to  contain  a  oompound  of  chlorine  ana  calcium  oidde.  See  alio  WoUen  (/.  ft, 
Ckem,  [2],  X.  128 ;  Dingl  ^,  J,  oexiy.  140 ;  Chtm,  8oe.  Jour.  1876,  236,  438). 

Accoraing  to  Stahlschmidt,  bleaching  powder  consists  of  ealeittm  Jyrfmryrlfatfi, 

iOH 
QQu  i.e.  calcium  hydroxide,  Ca(OH)',  in  which  1  at.  hydrogen  is  xeplsMd  lij 

chlorine,  its  formation  being  represented  by  the  equation : — 

3Gi(0H)«  +  4a  *-  2Ca(0HX0a)  +  OiCl*  -i-  2H*0, 

and  its  decomposition  by  water  by  the  equation : — 

2Ca(0H)(0Cl)  -  CSa(OH)«  +  Ca(OCl)« 

(Dma.  CJkem,  Ges.  Ber,  1875,  869  ;  IHnffl  pol  J.  ccxxi.  248,  885  ;  Chem.  800,  Jim, 
1876,  ii.  604;  1877,  i.  279). 

Mamifactwt, — From  numerous  and  careful  experiments  bj  0.  Opl  (Myl ««{,/. 
ccxT.  282,  825),  the  following  conditions  appear  to  be  essentia!  to  the  pvsparabnci 
good  bleaching  powder.  The  chlorine  must  be  free  from  hydrodilorie  acid  nl 
carbonic  acid,  and  must  be  passed  into  the  chambers  at  the  lowest  posriUe  tCBpoii 
ture.  The  calcium  hydrate  must  be  pure,  not  containing  carbonato,  and  ahoud  bi 
used  with  as  much  £ree  water  as  can  be  added  without  interfering  with,  the  subaeqoiBt 
operation  of  sifting.  The  chambers  must  be  kept  as  cool  as  possible  duriiv  tU 
absorption,  the  temperature  not  being  allowed  to  rise  above  26^  C. ;  they  shoud  bi 
so  arranged  as  to  admit  of  easy  cleansing.  The  powder  when  taken  out  of  thi 
chambers  should  be  well  mixed  in  shallow  wooden  boxes  with  lids,  and  should  not  U 
packed  for  transport  till  it  has  cooled  down  to  the  temperature  of  the  air,  or  at  leMt 
to  21^.  If  bleaching  powder  is  immediately  |>acked  in  casks  on  hot  summer  daji^it 
invariably  decomposes,  and  sometimes  so  rapidly  as  to  become  wozthleaa  in  a  ftv 
hours. 

JUeratiam  by  Keeping, — J.  Pattinson  (Chem.  Newt,  xxix.  143  ;  Jakreab.  1873. 341) 
has  made  a  series  of  observations  on  the  proportion  in  which  weak  and  strong  Ueachiag 
powder  give  off  their  active  chlorine  (tnat  which  may  be  supposed  to  exist  as  hypo- 
chlorite). Equal  weights  of  different  samples  of  bleaching  powder  were  kept  in  loosely 
corked  bottles  protected  from  direct  sunshine,  and  the  quantities  of  active  chlorine  in 
them  were  determined  from  time  to  time  b^  means  of  arsenious  acid  (i.  904).  Tbs 
results  showed  that  the  loss  of  active  chlonne  is  greater  in  summer  than  in  wiiiv, 
and  that  strong  bleaching  powder  does  not  give  off  relatively  more  chlorine  than  the 
weaker  varieties. 


CorutUuents, — According  to  0.  Bernard  (Areh,  Pharm,  [8],  iiL  378), 
blood  contains  sugar  as  a  normal  constituent,  independent  of  the  kind  of  iood  talMi; 
in  the  blood  of  diseased  animals,  on  the  other  hand,  sugar  is  absent.  The  IbnnatiaB 
of  the  sugar  takes  place  in  the  liver. 

Ash.— The  following  analyses  of  the  ash  of  blood  have  been  made  by  A.  Jariseh 
(Ckem.  Centr.  1877.  7). 


Man 
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Ox 
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21-15 

1*08 

0-60 

9-52 

002  1.30 

4-98 

6-17 

3512 

10-74 

37*44 

1*15 

0*18 

9*24 

2*97 

12*74 
4*18 

32-47 
3*96 

43-40 
1-29 
0*68 
8*64 

12-73 
3-76 

33-33 
3-11 

44-69 
1-14 
0*40 
8-36 

Iran, — The  quantities  of  iron  in  the  fibrin,  blood-corpuscles,  and  albumin  from 
the  blood  of  a  half-fat  cow  have  been  determined  by  Boussingault  {Arch,  Pkartm.  [Z\ 
iii.  526)     100  parts  of  the  dried  substances  contained : — 

Aah.  Mfltallle  UroB* 

Fibrin 2*151  .  0*0466 

Corpuscles       ....         1*325  .        0'S600 

Albumin 8-715  .        .        .        0-0863 
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100  parts  of  blood-pigment  were  found  to  contain  : — 

OKiuio  matter  F«^  Pn)*  CM) 

89-25  9*04  1«46  0'32   «   100*00 

In  doff^  according  to  Ficard  {Qmpt,  rend,  Izxiz.  1266),  the  amount  of  iron  in  the 
blood  is  somewhat  yariable,  and  proportional  to  the  quantity  of  oxygen  which  the 
blood  is  capable  of  absorbing. 

According  to  Faquelin  a.  Jolly  {Ckmpt  rend.  Izxyiii.  1679),  the  iron  in  blood  is 
in  the  form  of  ferrous,  not  of  ferric  phosphate  as  commonly  supposed. 

Blood-pigment  may  be  prepured  m  the  pure  atate  as  follows  :—Deflbrinated 
blood  is  diluted  with  water  till  the  corpuscles  are  disintcorated ;  the  liquid  is  then 
precipitated  with  basic  lead  acetate  and  filtered;  the  ^^te  is  precipitated  with 
basie  lesd  acetate  and  ammonia ;  and  from  the  liquid  filtered  from  this  second  pre- 
cipitate the  pigment  is  thrown  down  by  basic  lead  acetate  and  alcohoL  The  bad 
conpoond,  washed  with  alcohol,  suspended  in  water,  and  decomposed  by  carbonic 
aeid,  yields  a  solution  of  pure  blood-pigment  which  coagulates  at  61®,  and  when 
evmponted  at  86'*-40'*  leaves  the  pi^^nent  in  red  lamells  (B&champ,  ulmi.  Chim,  Pkya. 
[6],  iii.  940).    According  to  PSquelin  a.  Jolly,  blood-pigment  does  not  contain  iron. 

BeacHen  qf  Blood  with  Zmk7.— According  to  H.  Stmye  (J,  pr.  Ckmn.  [2],  yii.  346 ; 
dcM.  6bt^.  1874,  476),  defibrinated  blood,  diluted  with  water,  becomes  turbid  when 
shaken  with  sine  or  zinc  oxide,  and  deposits  a  red  precipitate.    The  filtrate  contains 

S latin,  salts,  snd  traces  of  hydrogen  dioxide,  but  no  hematin  or  blood-albumin. 
nee  the  oxide  of  zinc  acts  in  the  same  manner  as  the  metal  itself^  Struve  concludes 
that  the  precipitation  of  the  blood-pigment  and  the  albumin  is  due  to  the  formation 
of  sine  carbonate,  the  metal  abstracting  oxygen  and  carbonic  acid  from  the  blood. 
If^  after  the  precipitation  of  the  blood-pigment  and  the  albumin  by  zinc,  a  stream  of 
carbon  dioxide  be  passed  through  the  Bquid,  the  precipitate  redissolres,  and  the 
filtered  solution  gives  neither  the  spectrum  of  oxyhaemoglobin  nor  that  of  meta- 
luemoglobin.  If  a  continued  stream  of  air  be  passed  through  the  liquid  thus  treated 
with  carbon  dioxide,  the  precipitate  formed  by  the  zinc  reappears,  but  is  redissolved 
by  the  carbonic  acid. 

When  fresh  blood,  still  containing  corpuscles,  is  treated  with  zinc,  the  resulting 
precipitate  exhibits  the  forms  of  these  corpuscles,  even  if  it  has  remained  under  the 
liqnil  fbr  months,  provided  the  zinc  has  been  left  in  contact  with  the  liquid.  If  the 
sine  is  left  in  contact  with  the  precipitate,  an  evolution  of  gas  gradually  sets  in  and 
lasts  for  a  long  time,  the  blood-pigment  at  the  same  time  undergoing  a  radical 
alteration. 

JtjHom  of  OMone, — ^This  action  is  exerted  chiefiy  on  the  blood-corpusdes,  their 
colourii^  matter  being  separated  and  the  blood  becoming  darker  after  a  quarter  of  an 
boor.  Sefibrinated  blood,  exposed  in  thin  layers  to  the  prolonged  action  of  oeone, 
beeomes  brownish-yellow,  and  does  not  yield  any  ciystals  <d  hemoglobin  on  addition 
of  alcohol,  ether,  or  chlorofbrm.  On  passing  ozone  for  a  long  time  through  defibrinated 
Uood,  fiocks  are  deposited,  which,  after  washing  with  water,  are  undistinguishable 
ftom  fibrin.  The  formation  of  this  fibrin-like  body  is  probablv  determined  by  an 
alteration  of  the  hemo^obin.  Htematin  is  likewise  decolorised  by  ozone.  When 
blood  poiK>ned  by  carbonic  oxide  is  subjected  to  the  action  of  osone,  it  quickly  recovers 
the  properties  of  normal  blood,  and  gives  off  carbonic  add.  Blood  containing  carbonic 
oodde  is  less  quickly  decolorised  by  ozone  than  normal  blood,  and  does  not  so  quickly 
lose  the  property  of  depositing  crystals  of  hamatin.  This  alteration  of  the  blood- 
eorpnsdes  by  ozone  must  not  be  confounded  with  that  which  results  &om  the  action 
at  carbonic  acid  (J.  Dosiel,  N,  Rep,  Pharm,  xxiv.  231). 

Cbo^MJa/ftm.— According;  to  Matthieu  a.  Urbain  (Campt,  rend,  Ixxix.  666),  the 
coagulation  of  the  blood  is  determined  by  carbonic  acid,  which,  when  the  blood  is 
exposed  to  the  air,  is  expelled  b^  the  oxygen  from  the  corpuscles  in  which  it  is  held 
fBtt  during  life.  On  this  view  it  is  apparent  why  alkalis  and  ammonia,  as  well  as 
eonoentratod  solutions  of  many  salts,  which  absorb  carbonic  acid,  prevent  the  coagula- 
tion of  blood. 


Qautier  (Uid,  IxxxL  626)  finds  that  the  coagulation  of  blood  may  be  prevented  by 
receiving  it  in  a  vessel  filled  with  solution  of  sodium  chloride  and  then  dissolving 
4  per  cent,  of  the  solid  salt  in  the  liquid  at  8^ ;  the  blood-corpuscles  may  then  be 
separated  by  filtration  through  paper  wetted  with  salt  water,  and  the  plasma  thus 
obtained  is  a  nearly  ooburless  filtrate,  which  is  coagulated  by  addition  of  water,  but 
not  by  the  passage  of  a  stream  of  carbon  dioxide.  The  plasma  may  be  dried  up  in  a 
vacuum,  and  heated  in  the  dry  state  even  to  110^  witoout  losing  the  property  of 
coagulating.  Cteutier  infers  firom  these  results  that  the  coagulation  of  the  olood  is 
not  an  act  of  lifb  or  death,  and  that  it  is  not  determined  by  carbonic  acid  or  by  any 
other  of  the  gaseous  constituents  of  blood. 
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Matthieu  a.  Urbain  obserre,  on  the  other  hand,  that  the  prevention  of  eoagdilin 
of  blood  at  or  below  8°  by  addition  of  common  salt,  may  ht  explained  by  the  hd 
that  solutions  of  common  salt  take  up  but  a  small  quantity  of  carbon  dioodde^  and  thit 
this  gas  has  but  little  Affinity  for  fibrin  at  low  temperatures.  They  thenfbmnaialBa 
their  opinion  that  carbon  dioxide  is  the  agent  which  brings  about  tba  nontuiois 
coagulation  of  blood,  and  that  the  fibrin  remains  dissolyed  in  the  plasma  duiag  lifi^ 
because  the  carbon  dioxide  is  chemically  combined  with  the  red  blood-eorpaHki 
{Compi.  rend,  Ixxxi.  872^. 

To  this  Qautier  replies  (Und,  899)  that  carbon  dioxide  cannot  be  the  cause  of  tki 
coagulation : — 1.  Because  Uie  plasma  is  still  ooagulable  after  it  haa  been  dried  k  a 
TEcuum  and  heated  to  110^,  and  thereby  completely  depriTed  of  carbon  dioxida 
2.  Because  no  coagulation  takes  place  when  carbon  dioxide  is  passed  into  plasaa 
containing  4  per  cent,  of  common  salt,  although  the  quanti^  of  taat  ^aa  absomd  \y 
the  solution  is  sufficient  to  produce  a  considerable  separation  of  fifarm.  S.  Baense 
the  defibrinated  blood  contains  as  much  CO'  as  blood  still  containing  fl]]cui,tht 
coagulation  of  which  has  been  preyented  by  common  salt. 

Matthif>«  a.  Urbun  (^(hmpt,  rend,  Ixxxi i.  422)  reply  to  these  remazks  that  wiMt 
undiluted  blood-plasma  is  evaporated  in  a  vacuum,  the  carbon  dioxide  lenuunt  cooh 
bined  with  the  alkali-salts,  and  that  when  this  combination  is  bit>ken  op  bj  a  svfr 
cient  addition  of  water  to  the  diy  blood-plasma,  the  carbon  dioxide  theraby  est  fru 
determin<;8  the  separation  of  the  fibrin.  The  non-coagulatinn  at  8^  of  blood-plasai 
mixed  with  5  per  cent,  of  common  salt,  may  be  due  to  the  low  temperature  and  the  anti- 
coagulating  action  of  the  salt.  Gautier,  on  the  other  hand,  remarks  that  fodioi 
bicarbonate  is  quickly  decomposed  when  its  aqueous  solution  is  evaporated  uadat 
reduced  pressure  at  26^,  whence  it  follows  that  Uie  evaporation  of  blood-pUama  ii  a 
vacuum  is  sufficient  to  determine  the  decomposition  of  the  bicarbonates  contained  u 
it  (lUfid,  Ixxxiii.  277)<  To  this  Urbain  replies  (ilrid,  648)  that  the  decomporition  of 
bicarbonates  may  be  regarded  as  a  process  of  dissociation,  at  all  events  that  eomplsto 
decomposition  takes  place  when  the  carbon  dioxide  is  continually  driven  away  bj'air 
or  aqueous  vapour,  but  that  when  the  bicarbonate  is  enveloped  in  albumin,  gna, 
sugar,  or  similar  substances,  as  is  the  case  in  blood-plasma,  it  may  be  heated  to  100* 
without  decomposition. 

Gasee  of  Blood, — The  influence  of  various  circumstances  on  the  quantity  of  gas  in 
arterial  blood  has  been  examined  by  Katthieu  a.  Urbain  (Com^,  rend,  bcxiii  210: 
Ann,  Ch.  Phys.  [6],  i.  482).  Blood-letting  is  followed  by  a  diminution  of  the  •mout 
of  oxygen,  due  partly  to  a  loss  of  blood-corpuscles,  but  especially  to  the  diminution  of 
the  blood-pressure,  in  consequence  of  which  the  velocity  of  the  blood  is  afioaleiated 
and  the  respiration  retarded.  The  effect  of  the  blood-letting  disappears  after  flftesa 
to  twenty  days. 

Arteries  of  equal  sise  contain  blood  of  the  same  oompositioo,  but  on  oompazingthe 
blood  in  arteries  of  different  diameters  it  is  found  that  the  larser  veaeeii  eontaii 
blood  comparatively  rich  in  oxygen  and  carbonic  add.  The  density  of  the  Uood  ii 
also  less  in  the  sm^er  arteries,  inasmuch  as  the  suspended  corpuscles,  whiah  aot  m 
carriers  of  oxygen,  are  kss  able  than  the  surrounding  liquid  to  change  tlia  direction 
of  their  motion,  and  consequentiy  flow  with  less  rapidity  into  the  smaller  aiCeriis 
which  branch  off  from  the  principal  vessels.  Arterial  blood  containa  more  oxygoi  in 
winter  than  in  summer.  This  induces  a  more  active  organic  combustion,  and  tlun> 
fore  a  quicker  renewal  of  the  heat  abstracted  from  tiie  body  by  the  snnoandi^g 
medium. 

Observations  on  the  changes  which  blood  undergoes  in  the  spleen,  with  zegaxd  to 
the  number  of  its  corpuscles,  and  its  power  of  absorbing  oxygen,  have  been  made  by 
Malassey  a.  Picard  {Oompt,  rend.  Ixxix.  1511). 

Blood  of  the  8ea-epider  and  of  Crabs. — ^The  blood  of  these  animala  eixhibiits  no 
absoiption-bands ;  it  turns  blue  when  exposed  to  the  air,  but  loses  this  blue  eolonr  in 
carbon  dioxide.  The  blood  of  the  crab  and  of  the  ray  contains  considerable  qnantitiei 
of  urea  (Babuteau  a.  Papillon,  Compt,  rend,  Ixxvii.  133). 

BeteeHon  <if  JS^boi.— Sonnenschein  {Chem,  Centralblatt,  1873,  428)  naes  fixr  this 
purpose  a  solution  of  sodium  tungstate  or  molybdate  strongly  acidulated  with  aestie 
or  tribasic  phosphoric  acid.  Such  a  solution  gives,  with  solutions  of  proteida,  pie- 
cipitates  which  shrink  up  to  a  small  bulk  when  heated  under  the  liquid,  and  eoli^f 
on  cooling  to  friable  substances.  These  precipitates,  if  not  too  stronffly  dried,  dis- 
solve  with  aid  of  heat  in  alkaline  liquids,  especially  in  ammonia.  Toe  preeipitite 
thus  obtained  from  blood  gives,  when  dissolved  in  ammonia,  a  characteristic  gieen- 
red  dichroic  liquid.  For  uie  detection  of  blood-stains,  the  stained  surface  must  be 
washed  out  with  water,  and  the  filtered  solution  treated  with  the  reagent  aboft 
mentioned.    The  ammoniacal  solution  of  the  precipitate  exhibits  a  distinct  octoatioii 
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«Ten  when  the  wateiy  extract  of  the  blood-ipot  appears  scaroelj  coloured.  From  the 
Mninmiiac4il  aolatioa  the  precipitate  may  be  thrown  down  again  by  acids,  and  used  for 
the  detection  of  nitrogen  (formation  of  cjanogon  bj  fusion  with  sodium)  or,  after 
incineration,  fur  the  detection  of  the  iron  in  the  blood. 

For  the  detection  of  blood  in  urine,  Alm&n  (ZeUdohr,  anoL  Chem,  1874,  104) 
zsoommends  that  a  few  cubic  centimeters  of  guaiacum  tincture  be  put  into  a  test  tube, 
together  with  an  equal  Tolxmie  of  turpentine,  and  the  tube  shaken  till  an  emulsion  is 
finmed*  The  urine  to  be  tested  is  then  poui«d  into  the  tube,  and  falls  to  the  bottom. 
If  it  contains  blood,  the  guaiacum  solution  becomes  more  or  less  blue,  whereas  with 
nonnal  urine  this  coloration  is  not  produced. 

Accotding  to  E.  Baichardt  {^Arch,  Pharm,  [3J,  vii.  687),  the  only  test  for  blood 
that  can  be  nfely  relied  on  in  judicial  inquiries  is  the  formation  of  blood-crystals  on 
addition  of  acetic  acid.  Pnrpurin-sulphuric  add,  obtained  by  boiling  sulpmndigotie 
acid,  exhibits,  when  examined  by  the  spectroscope,  exactly  the  same  appearances 
as  alkaline  blood. 

On  the  ettimation  of  Oxygen  in  Blood  by  means  of  Hyposnlphurous  Add,  see 
8difit»enbgiger  a.  Bissler  (2nd  Suppl,  p.  200). 


The  boldo  is  a  tree  indigenous  in  Chili,  and  belonging  to  the  order 
Matrimiaeem,  It  is  the  BMoafraarana  of  Jnssieu,  the  Buieia  fragrons  of  Buiz  and 
FaYon,  and  the  FemuufragranB  of  Persoz.  Baillon  has  recently  described  it  under 
the  name  of  Fennua  boldut.    The  leares  contain  an  essential  oil  and  an  alkaloid. 

The  latter,  which  does  not  appear  to  be  crystallisable,  is  very  slightly  soluble  in 
water,  towhidi,  however,  it  communicates  an  alkaline  reaction  and  bitter  taste.  It  is 
aoluble  in  alcohol,  ether,  chloroform,  caustic  alkalis,  and  benzene.  From  solution  in 
adds  it  is  precipitated  by  ammonia  and  by  the  double  iodide  of  mercury  and  potas- 
■inm ;  with  solution  of  iodine  it  giyes  a  chestnut-brown  precipitate.  Strong  nitric 
acid  immediately  colours  it  red,  and  it  assumes  the  same  coloration  in  the  cold  with 
aolphnrio  add  {Bourgoin  a.  Verne,  BuU.  800,  Chim.  [2],  xyiii.  481 ;  Pharm,  J,  Trans, 
[8],  iii.  828). 


This  mineral  is  generally  regarded  as  a  hydrated  silicate  of  aluminium 
the  alumina  partly  re^aced  by  ferric  oxide,  or  containing  ferric  hydrate  as 
an  admixture.  The  small  quantities  it  other  bodies  present  have  also  been  looked 
upon  as  admixtures.  Kenngott,  however,  from  the  examination  of  numerous  speci- 
mens, finds  that  the  mineral  fuses  easily  to  a  yellowish-  to  brownish-green  glassy 
mass,  showing  that  it  cannot  consist  essentially  of  aluminium  and  iron  silicate,  but 
most  also  contain  some  other  constituent,  to  which  the  fusibility  is  due ;  and  this 
eondnsioQ  agrees  with  the  results  of  experiments  made  by  Bammelsberg  on  boles 
frran  numerous  localities,  from  all  of  which,  by  digesting  small  fragments  for  some 
time  in  hydrochloric  add,  and  then  adding  to  the  liquid  a  small  quantity  of  sulphuric 
acid,  he  obtained  slender  needles  of  gypsum,  showing  that  these  boles  contained  lime 
(Jakrbuekf,  MineralogU,  1874, 171). 


F.  Wibel  (J*,  ff.  Chem,  p],  ix.  118)  objects  to  Aeb/s  view  of  the  com- 
position of  bone  {phosphate  (2nd  Suppl,  974),  according  to  which  this  phosphate  is  a 
oomponnd  of  caldc  orthophosphate,  water  of  crystallisation,  caldc  hydrate,  and  car- 
bon dioxide,  and  gives  the  preference  to  the  older  view  that  fresh  bone-substance  is  a 
mixture  of  calcic  orthophosphate,  (PO*)K!Sa*,  caldc  carbonate,  and  ossein.  He  points 
ont  that  the  composition  of  fresh  bone-substance  cannot  be  correctly  inferred  from 
that  (Kf  fossil  ivory,  since  bone  phosphate  is  known  to  be  altered  incompontion  by  the 
action  of  water  and  carbonic  acid.  Aeby  found  that  the  carbon  dioxide  expelled  from 
bone-substance  by  ignition  is  only  partly  restored  by  treating  the  ignited  mass  with 
ammonium  carbonate,  and  thence  inferred  that  carbon  dioxide  exists  in  bone  in  two 
difRsrent  states.  Wibel,  however,  finds  that  the  result  just  mentioned  is  not  peculiar  to 
bone,  but  that  artificial  mixtures  of  calcium  phosphate  and  carbonate  act  on  one 
another,  when  i^ited,  in  such  a  manner  that  only  a  part  of  the  carbon  dioxide 
piesent  in  the  mugnited  mass  can  be  restored  by  the  action  of  ammonium  carbonate. 
fienee  it  follows  that  in  the  analysis  of  bone-substance,  guano,  and  certain  phos- 
pfayates,  the  determination  of  carbonic  add,  to  be  correct,  must  be  performed  upon  the 
nnignited  substance. 

Aeby,  on  the  other  hand  (J.  pr,  Chem.  [2],  ix.  469),  adduces,  in  support  of  his 
views,  the  transformations  exhibited  by  the  bones  found  in  pile-dwellings.  In  these 
bonee  caldum  fiuoride  is  present  to  the  amount  of  4  per  cent.,  and  the  difference  in 
the  amount  of  carbon  dioxide  before  and  after  ignition  is  much  less  than  in  recent 
bones,  while  the  basic  caleium  phosphate  has  remained  unaltered.  These  changes 
axe  due,  according  to  Aebr,  to  the  action  of  alkaline  fiuorides  on  a  mixture  of  stuts 
containing  phosphoric  and  carbonic  acids.    He  supposes  that  both  ivory  and  bone 
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oontoin  as  an  easentaal  oonstitnent  a  poljrbaiio  phoepliate,  the  fonncr  eontsinipg  tha 
elementa .  of  orthophosphata  together  with  hjazate  and  carbonate,  the  latter  thi 
elements  of  orthophospnate  and  carbonate.  The  carbonic  add  appean  to  be  bit 
loosely  combined. 

f^m  experiments  by  Schrodt,  howcTer  (Landw,  Fer$ueh$.  StaHonmt.  ziz.  349^ 
it  appears  that  the  quantity  of  lime  in  bones  is  not  sn£Bcient  even  to  jnediy  the  eoB- 
dnsion  that  the  earUiy  matter  of  bones  is  a  mixture  of  tricalcie  phosphate  and  tu- 
bonate.  The  experiments  were  made  on  the  bones  of  a  dog,  the  carbonic  aeid  bsiw 
determined  both  in  Uie  raw  bones  and  in  the  ash.  On  dednotipg  firom  the  total 
amount  of  lime,  that  required  for  the  saturation  of  the  carbonic  acid,  and  wwnbiaisg 
the  remainder  with  the  phosphoric  add  to  form  tricalcie  phosphate,  there  nrniainedin 
every  case  an  excess  of  phosphoric  acid  unaccounted  for.  Hence  Schrodt  infers  that 
the  phosphate  of  bones  is  partly  tribasic,  partly  bibasic. 

Effeets  qffHUrums  Solvents  on  Bone-substance. — ^Maly  a.  Donath  {J,  pr.  (Asm.  [S], 
Tii.  418)  find  that  water  exerts  a  nearly  equal  solvent  power  on  caldiim  phoediata^ 
gelatinous  or  ignited,  and  on  bone-substance ;  also  that  the  inorganic  matter  of  doms 
is  dissolved  by  aqueous  carbonic  acid  and  sal-ammoniac  more  readily  than  by  dis- 
tilled water,  less  abundantly  by  solutions  of  bile,  common  salt,  gelatin,  sugar,  sodtoa 
bicarbonate,  lactate,  and  phosphate.  From  the  results  obtained  by  the  action  of 
bones,  freed  from  their  inorganic  constituents,  on  calcium  phosphate  under  vanou 
conditions,  and  from  the  examination  of  precipitates  of  calcium  phosphate  prodneid 
in  solutions  of  gelatin,  Maly  a.  Donath  infer  that  the  inorganic  ana  oiganie  coe- 
stituents  of  bono  are  not  chemically  combined,  but  merely  mechanically  muced.  Tlis 
same  view  is  taken  by  Aeby  {ibid,  x.  408). 

Vafiations  in  the  Composition  of  tks  Bones  depending  on  Dietf  jv, — ^The  bones  cf  a 
young  pigeon,  fed  for  seven  months  on  com  which  had  been  rolled  in  a  thin  paste 
made  up  of  strontium  phosphate  and  a  solution  of  !{  grams  potassium  chlorids^ 
nitrate,  sulphate,  and  carbonate  in  a  litre  of  water,  were  found  to  contain  41^*76  per 
cent,  lime,  8*45  strontia,  41*8  phosphoric  acid,  1*80  magnesium  phosphate,  and  1*10 
residue.  A  young  white  rat  was  fed  with  rice  and  gluten  which  had  been  treated 
with  aluminium  phosphate  and  the  same  solution  :  it  died  of  enteritis.  100  parts  cf 
its  calcined  bones  were  found  to  contain  6*96  pts.  alumina  and  41'10  lime.  Anodm 
rat  of  the  same  age  was  fed  for  a  shorter  time  on  similar  food  containing  ^<y"™ 
phosphate  instead  of  alxmiinium  phosphate.  The  ash, of  its  bones  oontameain  100 
pts.  3*56  pts.  magnesia  and  46*15  lime  (Papillon,  Compt.  rend,  bod.  372). 

Papillon  has  also  examined  the  bones  of  pigeons,  fowls,  and  the  so-«alled  'oaVs 
eyes,'  after  the  animals  had  been  fed  on  a  diet  containing  magnesium  salts  to  tiie 
exdusion  of  lime  salts.  The  proportion  of  magnesia  in  the  l^nes  was  found  to  be 
sensibly  in  excess  of  the  normal  amount,  though  the  quantity  taken  up  was  mudi  leai 
than  that  of  the  strontia  in  the  experiments  above  mentioned. 

On  the  other  hand,  Weiske-Proskau  {Zeitschr.f,  Biohgie,  viii.  239),  firtim  aiepad- 
tion  of  Fftpillon*s  experiments,  infers  that  the  composition  of  Uie  bones  is  not  sifeoed 
\ij  the  introduction  of  foreign  salts  into  the  diet.  In  the  bones  of  rabbits  fed  on  a 
diet  containing  strontium  and  magnesium  phosphates,  he  could  not  detect  the  aligirteat 
trace  of  strontia  or  any  notable  increase  in  the  proportion  of  magnesia  or  phosphorie 
acid.  The  age  of  the  animal  has  some  influence  on  the  composition  of  the  nones, 
those  of  old  rabbits  containing  a  larger  proportion  of  mineral  salts.  The  averagi 
proportion  of  phosphoric  add  is  nearly  the  same  in  all  bones,  viz.,  42*17  per  oeat 
A  full-grown  |[oat  fed  on  a  diet  defident  in  lime  and  phosphoric  add,  suffered  in 
health  and  ultimately  died,  but  its  bones  exhibited  no  deviation  from  the  nomsl 
composition.  Similar  results  were  obtained  by  experiments  on  lambs  {jCkem,  Ceutt. 
1872,  409  ;  1874,  123).  ^ 

Kesults  contrary  to  these  have  however  been  obtained  by  J.  Forster  {ZsUsokr,/. 
Biologie,  xii.  464).  From  experiments  on  dogs  he  infers  that  with  a  diet  containing 
an  insufSdenc  quantity  of  lime,  but  suffidng  to  sustain  the  albuminous  constituents  <2 
the  organism,  all  the  organs,  more  especially  the  musdes,  and  also  the  skeleton, 
become  partially  impoverished  in  lime,  without  any  diminution  in  the  organie  sab- 
stances  of  the  body  taking  place.  The  quantity  of  lime  contained  in  a  diet  i^ftnsifriiig 
exdusively  of  ment^  does  not  suffice  to  sustain  the  amount  of  lime  in  the  body, 
although  its  albuminous  constituents  may  remain  unchanged. 

Weiske*s  failure  to  observe,  in  animals  receiving  an  insuffident  supplYof  liaM, 
either  a  partial  loss  of  lime  in  the  skeleton,  or  the  occurrence  ctf  disease  of  the  bones, 
may  be  explained  by  the  following  considerations: — (1.)  Condusions  with  reoaid  to 
the  ccmposition  of  the  whole  skdeton  must  not  be  drawn  from  an  analysis  of  indifidasl 
bones,    (2.)  The  nourishment  of  the  animals  under  experiment  should  be  sodi  thatg 
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whilst  losing  lime,  they  may  not  suffer  a  diminution  in  combustible  substances.  For 
irith  agenenllj  insufficient  supply  of  nourishment  as  well  as  a  deficiency  of  lime,  both 
Bolt  parts  and  bones  diminish,  and  the  ash' components,  which  are  thus  set  free,  may, 
under  certain  drcumstancee,  be  used  again  without  being  ctxcreted  from  the  body. 

The  deficiency  of  inorganic  constituents  in  the  bones  observed  during  certain  diseases, 
M  xaehitis  and  osteomalacia,  has  been  attributed  by  some  physiologists  to  the  solvent 
action  of  lactic  add  generated  in  the  intestines  by  the  fermentation  of  carbohydrates ; 
and,  accordinff  to  Heumann,  rachitis  and  osteomalacia  may  be  produced  in  animals 
by  the  administration  of  lactic  acid,  either  in  the  food  or  by  subcutaneous  injection : 
he  did  not,  however,  analyse  the  bones  of  the  animals  thus  treated. 

Results  of  opposite  character  have  been  obtained  by  £.  Heiss  (ZeiUekr.  /.  Biol, 
ziL  161),  who  fed  a  small  dog,  weighing  4*7  kilograms,  for  808  dafs  on  food  contain- 
ing lactic  add  to  the  amount  of  1  to  2  grams  at  first,  afterwards  increased  to  4  to  6 
grama,  and  finally  to  7  to  9  grams.  During  the  whole  time  the  dog  continued  in 
good  health,  and  when  it  was  killed,  its  bones  showed  no  signs  of  rachitis  or  osteo- 
TnAl«^ift ;  and  the  different  parts  of  its  body  were  found  to  contain  their  normal  pro- 
portioiui  of  miner^  constituents,  showing  no  defidency  in  the  alkaline  earths.  The 
total  amounts  of  lime  and  magnesia  in  the  food  were  found  to  be  exactly  the  same  as 
those  excreted  in  the  dung  and  urine,  showing  that  none  had  been  withdrawn  by  the 
laetie  add.  This  add  appeared  indeed  to  have  been  decomposed  in  passing  through 
the  dog's  body,  as  none  was  found  in  the  urine. 

BOra-B&AOX.  Processes  for  the  carbonisation  of  bones,  and  the  preparation 
of  ammonia-salts  and  bone-oil  from  the  products  of  the  distillation,  are  given  by  Sebor 
{iHngl.  pol,  J,  ocviii.  360),  and  b^  Dunod  a.  Bongleux  (^American  ChemiMt,  iii  266). 

A  method  for  the  rerivification  of  bone-charcoal  m  sugar-works  by  the  use  of 
sal-ammoniac  is  described  by  C.  Freis  (Dwffl,  pd.  J,  ccx.  396).  On  boiling  the 
spent  charcoal  with  a  dilute  solution  of  sal-ammoniac,  the  calcium  carbonate  contained 
in  it  is  dissolved,  and  the  ammonium  carbonate  thereby  evolved  acts  upon  the  organic 
substances  absorbed  by  the  charcoal. 

ValuaHtm. — J.  B.  Schober  (K  Sep.  Pharm.  xxii.  267)  estimates  the  value  of 
boDfr-black  by  its  action  on  a  solution  of  indigo  of  known  strength.  A  solution  of 
indigo-carmine  (6  grams  to  a  litre)  is  standardised  by  a  solution  of  potassium  perman- 
ganate containing  1  gram  of  the  salt  in  1000  cc  of  water ;  1  gram  of  the  charcoal  is 
added  tc  50  cc  m  the  indigo-solution  in  a  fiask ;  the  whole  weU  shaken,  boiled,  and 
left  at  rest  for  twenty-four  hours ;  and  the  proportion  of  indigo  remaining  unabsorbed 
is  then  determined  by  the  permanganate  in  an  aliquot  part  of  the  liquid  filtered  from 
thecharcoaL 

With  reference  to  this  process,  G.  H.  Gill  observes  that,  like  all  other  methods  of 
estimation  depending  on  the  absorbing  or  decoloridng  power  of  the  chuooal,  its 
results  are  affected  by  the  initial  difficulty  of  reducing  the  various  samples  to  tJie 
same  state  of  division,  without  which  the  same  spedmen  will  give  results  differing 
firom  one  another  as  much  as  any  two  from  different  sources  (Ch&m,  8oc,  J,  1873, 
p.  1060). 

K.  Vierordt  {Pogg,  Ann,  cxlix.  666)  observes  that  all  the  colorimetric  methods 
hitherto  adopted  fbr  determining  the  decolorising  power  of  bone-charcoal,  are  affected 
by  an  unceitaintf  arising  from  the  use  of  white  light  in  judging  of  the  colour.  To 
avoid  this  source  of  error,  he  proposes  to  use  only  that  part  of  the  n>ectrum  for  which 
the  colour  under  examination  exhibits  the  maximum  degree  of  absorption.  For 
molasses,  this  part  of  the  spectrum  lies  between  F  and  F  10  G ;  for  practical  purposes, 
the  portion  from  F  to  F  20  G  will  ^ve  suficiently  accurate  results.  Even  if  the 
absolute  quantity  of  colouring  matter  in  a  sample  of  molasses  cannot  be  thus  deter- 
mined, it  is  easy  to  estimate  the  relative  amounts  in  different  samples.  Ihese 
amounts  are  proportional  to  the  coefficients  of  extinction,  i.e,  to  the  negative  log- 
arithms of  the  quantities  of  light  of  a  particular  region  of  the  spectrum,  which  remain 
unabswbed  after  the  light  has  traversed  a  la^er  of  the  absorbent  fluid,  1  cc  in  thick- 
ness. The  maximum  action  of  the  charcoal  is  exerted  only  after  twenty-four  houra^ 
contact  with  the  coloured  liouid ;  nevertheless  it  is  possible  to  obtain  numbers  suffi- 
deot  for  the  comparison  of  different  charcoals,  by  continuing  the  action  for  shorter, 
but  always  equal  times. 

If  the  weight  in  grams  of  the  charcoal  (0.  g,  2  grams)  be  denoted  by  K,  the 
Tolume  of  the  molasses  (#.  j.  10  cc.)  by  v,  the  amount  of  colouring  matter  in  the 
molassfw  by  e,  that  of  the  decolorised  solution  by  C  {0  and  0  being  determined  as 
above),  then,  if  the  light  used  is  that  of  the  spectrum  between  F  and  F  10  G,  we  have 


where  7  is  a  coefficient  depending  on  the  decolorising  power  of  the  charcoal. 
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Fzom  the  preceding  equation  it  follows  that 

C.  K 

Taking  therefore  eqnal  qnantities  of  charcoal,  equal  volumes  of  molasMfl*  and  a 
stant  amount  of  colouring  matter  (e,  g,  a  brown  syrnp  dilated  to  ooe-lbiuth)  the 
relative  value  of  any  sample  of  charcoal  will  be  expressea  simply  by  the  cotrfHrisnt  cf 
extinction  answering  to  tne  intensity  of  the  light  observed  in  the  r^on  of  the  ipse* 
trum  from  F  to  F  10  G-.    The  charcoal  examined  by  Yierordt  gave  7-i  0*00S04. 

EstimtUvm  qf  Organic  Matter  in  Bone-Hack, — ^For  this  purpoee,  W.  Thorn  (MmH 
pel,  J.  ccxvi.  266)  boils  the  charcoal  with  dilute  soda-ley,  and,  after  andnlaring  the 
filtered  liquid  thereby  obtained,  titrates  it  with  solution  of  permanganata,  iiiiiiniinft 
according  to  Wood's  determination  {Chmn,  8oe.J.  1863,  p.  62),  that  1  pt.  of  potttna 
permanganate  is  capable  of  oxidising  6  pts.  of  organic  matter. 

On  the  oeourrenee  of  Iron  Sulphide  in  Bone-black,  see  B.  F.  Smith  {jCknu  Nim, 
XXX.  171,  202,  217,  283,  240,  261,  298). 

Absorption  of  Gypsum'aolviiont  by  Bone-black. — ^When  a  solution  of  gnnm  m 
filtered  tnrough  well-washed  bone-blade,  the  gypsum  is  at  first  deoompotaa  by  ths 
ammoniacal  «klts  which  are  always  present  in  the  charcoal,  lime  being  retained  and 
ammonium  sulphate  passing  into  the  solution.  At  the  same  time,  however,  the  gjpnm 
is  absorbed  as  such,  but  so  loosely  that  it  may  be  extracted  by  prolonged  'wariuag 
with  water.  In  an  experiment  in  which  500  o.c.  of  gypsum  solution  oontainiog  IS"! 
grams  of  gypsum  were  filtered  through  36*4  grams  of  finely  powdered  hone-UadE, 
7*10  grams  of  eypsum  were  absorbed  as  such,  4*93  grams  were  decomposed,  aad  4*18 
grams  passed  trough  without  alteration.  Tht  cha^rcoal  subsequently  yieldad  to  witer 
0*18  grams  of  gypsum  (K  Anthon,  Dingl,  pol,  J.  ocxiii.  169). 

Action  qf  Bone-black  on  Ammonium  8aU».  ^vxai.  a  dilute  aqueona  ■»^»d4ffn  cf 
aiimionia,  bone-black  abstracts  only  a  small  quantity  of  ammonia.  Ammoninm  salts 
also  are  but  sli|;htly  absorbed,  and  generally  decomposed  to  a  small  extent  at  the 
same  time.  This  decomposition  is  g^reater  in  amount  with  the  ammonium  salts  of 
polybasic  adds  than  with  those  of  monobasic  acids.  The  acetate,  for  example,  is 
absorbed  almost  without  decomposition,  whereas  the  neutral  sulphate  gjvea  np  mxtcf 
its  ammonia,  and  is  more  or  less  oonverted  into  acid  salt.  If  the  resultinff  add  salts 
are  easily  soluble,  they  are  but  slightly  absorbed  by  the  charcoal ;  but  if  Siej  axe  but 
slightly  soluble  (ammonio-potassic  tartrate  for  example),  or  capable  of  fooning  in- 
soluble compounds  with  any  of  the  constituents  of  the  bone-charooal,  the  adds  ippsw 
to  be  absorbed  in  greater  proportion  than  the  ammonia.  The  absorption  of  ammoniam 
salts  by  the  char^)al  appears  to  be  favoured  by  rise  of  temperature  (Bimbaoa  a. 
Bomasch,  JHagl,  pol,  J.  ocxviii.  148). 

Seducing  Action  of  Bone-Charcoal  at  Low  Tsmperaturee, — When  a  fldiitioii  of 
platinic  chloride  is  boiled  for  some  time  with  freshly  ignited  bone-charcoal,  a  eokmr- 
less  add  solution  results,  containing  no  platinum  and  leaving  scarcely  any  zesidiia  on 
evaporation  (provided  the  charcoal  has  been  previously  freed  from  all  mattfim  nfadile 
in  hydrochloric  acid).  A  solution  of  dehy<uotriacetonammonium  platinodilaride  is 
partially  reduced  on  boiling  with  animal  charcoal,  the  platinum  becoming  platinmit 
diloride,  so  that  the  original  salt  is  regenerated  on  addii^  chlorine-water. 

Ferric  Chloride  is  easily  reduced  to  ferrous  chloride  by  bone-ohaxooal,  a  tzaee  of 
organic  substance  passing  into  solution,  but  no  caseous  oxide  of  carbon  or  any  other 
carbonaceous  gas  being  given  oflf :  hence  it  would  appear  that  the  reduction  is  mainly 
due  to  the  hydrogen  ^mich  still  remains  in  the  diarcoal,  even  after  strong  ignition 
(Heintz,  Limine  Annalen,  dxxxvii.  227). 

Artificial  Bone-black. — Gawalovski  (Dingl.  pol,  J,  ccxiv.  268)  suggests  the  pr^sr- 
atiou  of  a  substitute  for  bone-charcoal  by  saturating  lumps  of  pumice  of  the  nse  of  a 
walnut  with  blood  in  a  vacuum,  and  then  igniting  them  in  a  dosed  vesseL  The  pro- 
duct is  a  shining  black  charcoal,  which  adheres  to  the  tongue,*and  is  capable  of  nesily 
decolorising  a  reddish-yellow  sugar-beet  juice  after  ha£r-an-hour*s  oigeetion;  the 
alkalinity  of  the  juice  treated  with  it  was  not  however  diminished.  Qawalovaki  Is  of 
opinion  that  the  salt  in  the  blood-ash  interferes  with  the  action,  and  "f^^^Am  it 
essential  that  the  charcoal  should  be  thoroughly  washed  before  being  used. 

According  to  Mdsens  {Compt,  rend,  Ixxix.  376)  the  onlv  way  of  ohtainiqg  an 
effident  substitute  fbr  animal  charcoal  is  to  saturate  wood  with  a  solution  of  ealeiiim 
phosphate,  and  then  to  carbonise  it.  It  is  difficult,  however,  to  obtain  a  prepazation 
containing  a  sufBcient  quantity  of  mineral  matter.  The  charcoal  must  be  well  washed 
beibre  use  to  free  it  from  calcium  chloride. 
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SOSAOZTB.    The  following  forms  of  this  mineral  haTe  been  deacribed  by  A. 
Sehranf  (JSar6./.  Min,  1873,  960). 

BoraeiU,^!).   ooO.oo  Ooo  .^.202,  from  Limeburg.— (2).   ooOoo .  oo0.2.— ?  .  202 . 

2  2       2 

50|,  from  Lonebnrg.—  (3).  -  .  ooOoo .  obO.— -,  alBO  from  Lonebnzg,  with  parallel 

iep«titioiL. — (4).  ooOoe  (yeiy  predominant),  -* .  ooO .  qd08  :  loose  oystals  from  Stasa- 

fixrt.— (6).  ooOoo  (predominant)  ^.--?.<»0.|0.— (6).  ooOoo . ?,  twin ;  !<»  the  in- 
teraecting  twin,  the  twin-face  is  a  fiMse  of  the  positiTe  tetrahedron. 

Mb,  C**H**0.    On  the  constitutional  formula  of  this  body,  see  Gamfhob. 


SuppoHd  AUoiropie  modificatums, — Wohler  a.  Derille,  in  1857}  by 
heating  alnminimn  with  boric  oxide  or  amorphous  boron,  obtained  two  classes  of 
crystals,  black  and  yellow,  which  were  regarded  by  them,  and  hare  since  been  re- 
guded,  as  yarieties  of  crystallised  boron  (i.  628).  But  from  recent  experiments  by 
W.  Hampe  {LUiri^B  AnnaUn,  dxxxiii.  76),  who  has  repeatedly  prepared  and  analysed 
these  ciyvtals,  it  appears  that  they  are  not  really  pore  boron,  but  compounds  of  that 
element  with  aluminium  or  with  aluminium  and  carbon. 

The  black  crystals  (Wohler  and  Berille's  graphiUudal  boron)  are  obtained  (1)  by 
ftudni^  aluminium  with  boric  oxide ;  (2)  by  fiuing  aluminium  with  boric  oxide  and 
dyohte,  or  boric  oxide  and  fluor-spar ;  and  (3)  by  passing  boron  fluoride  oyer  heated 
aluminium.  Of  these  processes  the  flrst  gaye  the  best  results,  the  most  important 
condition  for  its  success  being  the  absence  of  carbon  from  the  mixture.  The  tem- 
perature of  melting  iron,  maintained  for  two  or  three  hours,  was  found  sufficient  to 
produce  the  cryatids,  but  the  yield  was  larger  at  higher  temperatures. 

The  aystals  belong  to  the  monodinic  system.  They  are  black,  or,  in  yery  thin 
lamins,  dark-red,  and  yield  a  brownish-red  powder.  They  haye  an  extremely  bril- 
liant lustre,  and  when  heated  turn  blue  like  steel,  but  they  are  neyertheless  unalter- 
able in  oxygen  at  the  temperature  at  which  diamond  burns  easily.  They  are  harder 
than  corundum,  but  softer  than  diamond.  Their  sp.  gr.  is  2'6346,  that  of  water  at 
17^  being  1.  The  crystals  are  not  attacked  by  hydrochloric  acid  or  potash-ley,  and 
only  suparfldally  by  concentrated  sulphuric  acid,  but  are  slowly  dissolyed  by  nitric 
ado.  They  are  oxidised  with  incandescence  by  ftised  potash  or  lead  chromate^  and 
slowly  dissolyed  by  fused  add  potassium  sulphate.  When  heated  in  the  blow-pipe 
flame  on  platinum,  they  form  with  the  metal  an  easily  ftisible  alloy.  Analyses  of  tnese 
errstals  prepared  at  different  times  gaye  results  agreeing  yery  closely  with  the  formula 

The  yellow  crystals  (Wohler  and  Deyille's  diamond  boron)  were  obtained  by 
heating  aluminium  with  boric  oxide  to  the  highest  temperature  obtainable  in  a  wind- 
Airnace.  in  crucibles  lined  with  pure  graphite,  and  allowing  the  fused  mass  to  cool 
down  yery  slowlpr.  The  crystals  are  quacuratic,  the  octohedron  being  the  moat  common 
form,  but  sometimes  long  prisms  were  obtained.  They  haye  a  honey-bellow  colour, 
which  is  a  constant  characteristic,  and  is  not  due,  as  Wohler  and  Deyille  supposed, 
to  imjpurities.  They  are  somewhat  easily  broken,  exhibitbg  a  conchoidal  fracture, 
and  yield  a  honey-yellow  powder.  They  are  harder  than  corundum,  but  softer  than 
diamond.  In  their  behayiour  with  reagents  they  dosely  resemble  the  black  crystals 
described  aboye.  Their  sp.  gr.  is  2*616.  The  empirical  formula  of  the  crystals,  as 
deduced  from  seyeral  dosely  concordant  analyses,  is  CA1*B^  ■•  CB"  +  8  AlB". 

All  attempts  to  obtain  pure  crystallised  boron  haye  hitherto  proyed  fruitless. 

Ikteeium, — H.  K&mmerer  (ZeiUehr,  anal,  Chrnn.  1878,  376)  recommends,  as  a  yerr 
delicate  test  for  boron,  to  mix  the  substance  under  examination  yery  intimatdy  witn 
fluor-spar  and  sand  in  a  test-tubt",  moisten  the  mixture  with  strong  sulphuric  acid, 
and  pass  the  escaping  gases  through  a  glass  tube  drawn  out  to  a  flne  point,  into  the 
non-luminous  flame  dT  a  Bunsen  burner ;  the  presence  of  boron  will  then  be  reyealed 
by  the  green  coloration  of  the  flame. 

According  to  Bidaud  {Compt,  rend,  Ixzyi.  409),  the  flame  of  a  Bunsen  burner, 
directed  upon  a  cmtal  of  boric  oxide  placed  on  a  piece  of  porcelain,  immediately 
acquires  a  splendid  green  colour.  It  is  not  necessary  that  the  cr^rstal  should  be  en- 
▼eloped  by  ^e  flame,  mere  contact  with  the  outer  edge  being  suffident. 

On  the  spectrum  of  boric  add  yapour,  see  Lecoq  de  Bocsbaudran  (Conipt.  rend, 
lxxyi.833). 
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Boron  CbloridOp  BGl*.  H.  Sehnitzler  (Dingl.  poU  J.  cezi.  4S6)  prmzfa  this 
compound  by  passing  chlorine  over  a  mixture  of  boric  oxide,  soot^  add  oif  mad*  «p 
into  spherical  lumps,  and  ignited  in  a  porcelain  tube,  which  is  oonnaoted  with  a  eoo- 
denser  tube  6  inches  long  and  1^  inch  wide,  and  so  inclined  that  the  ooozaa  of  tht 
condensed  boric  chloride  may  be  opposite  to  that  of  the  stream  of  chlorine.  Thia  tube 
lies  in  a  wooden  trough,  enveloped  in  snow  or  pounded  ice,  over  which  atsoiig  Iqrdio- 
chloric  acid  is  poured  from  time  to  time,  whereby  a  temperature  of  about — lOy  is  pto- 
duced.  By  this  method  about  80  c.c.  of  boron  chloride  may  be  obtainad  ia  a  £nr 
hours. 


ReaeHons, — 1.  When  the  vapour  of  boron  chloride,  heated  to  bright 
passed  through  a  porcelain  tube,  either  glazed  or  unglazed,  and  the  substanee  of  the 
tube  is  rapidly  attacked,  the  chloride  of  boron  is  pSirtially  decomposed,  ehlotide  of 
silicon  and  chloride  of  aluminium  being  volatilised,  while  borate  of  aluminium  remains 
behind.  With  a  glazed  tube,  a  certain  quantity  of  the  double  chloride  of  aiamiaiim 
and  potassium  is  also  formed.  Pure  alumina,  silica,  ziroonia,  and  titanic  add  ignited 
in  a  platinum  tube  are  attacked  by  boric  chloride  in  a  similar  manner,^  ^'^^^^  ^^'^  ^ 
the  case  of  the  three  latter  substances,  the  residue  consists  of  boric  oxide  (Tiooit  sad 
Hautefeuille,  Campt,  rend.  Ixxv.  1819). 

2.  When  nitrogen  Utroxide  is  distilled  into  refrigerated  boron  chloride,  an  ansmtie 
action  takes  place,  and  a  solid  substance  is  deposited  in  the  liquid,  whila  yeUov 
crystals  condense  on  the  sides  of  the  flask.  On  leaving  the  product  at  rest  wt  tvo 
days,  and  then  distilling  at  a  gentle  heat,  volatile  yellow  crystals  condense  in  the 
receiver,  giving  off  a  brownish  red  vapour  which  ftimes  on  coming  in  contact  with 
the  air.  A  liquid,  apparently  consisting  of  a  solution  of  the  crystals  in  boron  chloridft 
also  passes  over.  Tne  crystals  have  the  composition  BCPNOCl,  and  fbim  riunibie 
octohedrons  or  prisms  which  dissolve  in  water  with  a  hissing  sound,  bono  acid,  nitrie 
acid,  and  chlorine  being  produced.  At  23^-24^  the  ciystals  melt,  f ormixig  two  Isjm 
of  liquid,  the  upper  of  which  appears  to  consist  of  boron  chloride  containing  a  small 
proportion  of  the  original  substance,  while  the  lower  probably  consists  of  the  fbied 
substance  together  with  a  small  proportion  of  nitrosyl  chloride.  On  oooUng*  the  tvo 
layers  rounite  with  more  or  less  rapidity,  reproducing  the  original  substance. 

The  reaction  by  which  these  crystals  are  formed  is  probably  as  follows : — 

8B01«  +   3N»0«  =  B«0«  +  6(Ba«.N001)  +  0« 

(Geuther,  J.  pr.  Chem.  [2],  viii.  854). 

Borio  OzldOp  Aoldf  and  Salts.  A  description  of  the  method  of  obtainisff 
boric  acid  from  the  Tuscan  lagoons  is  given  by  0.  M.  Kurts  (Dinal,  poL  J,  eadL 
493;  Jakretb,/,  Chem,  1874,  1108);  also  by  P.  Le  Neve  Foster  {Phoufm,  J.  Drmu, 
[3],  V.  343). 

BifflKt  qf  8uddm  Cooling  on  Borio  Oxide, — ^The  glassy  plate  produced  by  poming 
fUsed  boric  oxide  on  a  cold  metallic  surface  has  its  lower  face  in  a  more  dilated  ooq- 
dition  than  its  upper  £ace.  The  consequence  is  a  bending  o{  the  plate,  which  msj  be 
so  great  as  to  cause  it  to  fly  in  pieces.  Such  a  plate  acts  upon  polarised  lig^t  Eke 
unannealed  glass,  but,  unlike  the  latter,  it  retains  this  power  with  extzaoKdinsiy 
tenacity,  fragments  kept  at  a  red  heat  for  flfteen  hours,  ax»d  then  cooled  slow^ 
during  several  days,  were  found  to  act  on  polarised  light  as  strongly  as  before^  whilsb 
by  the  same  treatment,  blocks  of  glass  weighing  60  kilos,  were  oompletelT  aunesled. 
When  boric  oxide  whidi  has  been  suddenly  cooled  is  plunged  into  water,  the  portiou 
which  are  already  most  dilated  do  not,  in  taking  up  water,  undergo  so  great  an  mctesss 
of  volume  as  those  which  have  cooled  more  slowly,  and  a  kind  of  exfoliation  ocean 
by  the  detachment  of  successive  layers  (V.  de  Luynes,  Cornet,  rend.  Ixxxi.  80). 

Hydrates,— When  boric  acid,  B0*H*  or  WO^.^n^O,  is  heated  for  a  week  to  100^,  it 
is  converted  into  the  hemihydrate,  2B'0*.H^,  and  if  heated  for  the  same  time  to 
140^,  into  the  trito-hydrate,  8BK)*JB[K)  (Atterberg). 

Metallic  Borates,  Action  of  Waier, — ^Waterdoes  not  decompose  the  borates 
of  the  alkali-metals,  but  readily  separates  oxides  from  many  metallic  borates,  iHiidi 
are  scarcely  altered  by  contact  with  concentrated  solutions  of  neutral  or  acid  sodium 
borate,  ifence  the  reaction  between  alkaline  borates  and  salts  of  other  metals  in 
very  strong  solutions  gives  a  pure  metallic  borate  if  the  alkaline  borate  is  nsed  in 
excess,  and  an  oxide  when  the  metallic  salt  is  in  large  excess,  this  oxide  arising  from 
the  action  of  water  on  the  metallic  borate  first  produced  (L.  Joulin,  Ann,  Ckim,Plms, 
[4],  XXX.  248).  ^^ 
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The  following  metallic  borates  have  been  examined  by  Atterberg  {Bull.  8oe,  Chim 
[2].xxii.  350):— 


SB'O'.K'O  +  diH'O.  Large  hexagonal  priams 

%BK^JKH>  +  6HH).  Short  monoclinic  prisma 

£BH>'.KH)  +  8H*0.  Bhombic  octohedrona 

BH)*.NaH)  +  4|H>0.  Elongated  prisma 

'BH^JNaH)  -t-  6iHH).  Tufts  of  elongated  prisma 
B«0»JIa»0.  +  aH«0. 


6B*O«.Na«O+10H«O(?) 
6BK>».(NH*)«0  +  8HH). 
B»0«3aO  +  2H«0.    Ciyst.  powder. 
B»0«.BaO  +  4H«0. 
8BH)«.2BaO  +  6BP0. 
8BK)« AO  +  6HH). 


The  following  sodium  bo  rates  have  been  examined  brB.  Benedikt  {l)eut,  Chem, 
Get.  Ber,  1874,  700).  The  monohatio  or  metaborate  ofaodium,  BO^Na^-  4HH),  which 
BeneliuB  obtained  bj  igniting  borax  wiUi  sodium  carbonate,  is  more  easily  prepared 
bj  mixing  the  solutions  of  equivalent  quantities  of  borax  and  pure  caustic  soda,  and 
evaporating  to  a  syrupy  consistence.  This  concentrated  solution  left  for  several  days 
over  sulphuric  add,  yields  large  splendidly-developed  crystals,  often  more  than  an 
inch  long,  which  may  also  be  obtained  by  recrystallising  the  product  of  the  first,  often 
■omewhaS;  confused  ciystallisatioo :  they  become  dull  on  the  surface  when  exposed  to 
the  air.  According  to  Hahn,  these  oystals  are  monoclinic  (1st  Suppl.  360),  but  from 
recent  measurements  by  Ditscheiner  they  appear  to  belong  to  the  triclinic  system. 
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Aa  Bahn  states  that  the  salt  which  he  measured  was  isomorphous  with  octohedral 
borax,  3*0^s,*  +  6HH),  it  is  possible  that  he  may  actually  have  examined  only  the 
last-mentioned  salt. 

If  in  the  above-described  preparation  of  the  metaborate  a  large  excess  of  sodium 
hydrate  be  added,  the  process  being  otherwise  conducted  as  before,  large  fine  needles 
are  formed,  which,  when  freed  from  mother-liquor  by  decantation,  quicUy  rinsed  with 
water,  and  dried  on  a  plate  under  the  air-pump,  retain  their  lustra  only  so  lozig  as 
they  are  protected  from  the  air.  Their  analyBis  leads  to  the  fbrmula  BO'Na  +  2fi'0. 
The  same  hydrate  is  formed  by  fusing  the  sidt,  BO'Na  +  4HK),  in  its  water  of  crystal- 
liwition.  According  to  Berzelius,  the  salt  thus  produced  has  the  composition, 
B0»Na+3H«0. 

By  fusing  either  of  these  hydrates  of  sodium  borate  with  an  equivalent  q^uantity  of 
barium  chloride  in  a  platinum  crucible,  and  lixiviating  the  fused  mass  with  water, 
the  salt,  B*0*Ba  or  Ba03'C>',  is  produoed.  The  corresponding  calcium  and  strontium 
salts  may  be  formed  in  the  same  way. 

"When  either  of  the  sodium  salts  is  fused  with  the  quantity  of  sodium  hydrate 
required  by  the  equation 

BO«Na  +  2NaOH  -  BO»Ka«  +  HK), 

water  is  rapidly  given  off,  and  on  cooling  there  remains  a  beautifU  laminar  hard 
crystalline  cake,  which,  when  dissolved  in  water,  again  yields  Uie  metaborate, 
BO'Na  •(-  2H'0.  It  does  not  indeed  appear  possible  to  obtain  in  this  way  the  ortho- 
borate  of  sodium,  BCNa*.  In  fact,  the  only  orthoborateyet  obtained  is  the  magnesium 
salt,  (BO«)«Mg»  (i.  644). 

Sodium  Bibarate.  Borax,  Na«B«0»  +  10H«O  -  Na«0.2BK)*  +  10H«O,  has  been  found 
in  luge  quantity  in  the  bed  of  a  driod-up  lake  140  miles  north-west  of  Bakexsfield,  in 
the  Sierra  Nevada.  The  bed  is  16  miles  long  and  6  miles  broad,  and  the  saline 
deposits  are  from  6  to  8  feet  deep.  The  middle  of  these  deposits  consists  of  common 
salt,  the  borax  occupying  the  edges  to  a  depth  of  8  feet.  Beneath  the  pure  borax  is  a 
deposit  of  sodium  sulphate  and  tincal  (A.  Bobottom,  Chem,  NetM,  xxxii.  286). 

Acceding  to  C.  F.  Schultze  {Arch,  Fharm,  [3],  vi.  149),  borax  dissolves  abundantly 
in^^^o0rtyi,  1  part  of  glycerin  taking  up  an  equal  weight  of  it  The  solution  is 
capable  of  taking  up  cream  of  tartar. 

loHoline  dissolves  in  a  dilute  solution  of  borax,  with  formation  of  sodium  iodide  and 
iodate,  but  separates  out  when  the  solution  is  concentrated.  This  fact,  observed  by 
Bottomley  {Cwtm.  News,  xxxi.  76),  is  attributed  by  him  to  a  resolution  of  the  borax  in 
the  dilute  solution  into  soda  and  boric  add,  which  latter,  on  concentration,  sets  free  the 
hydriodic  and  iodic  adds;  which  then  decompose  one  another  with  liberation  of  iodine. 

Octohedral  Borax. — ^A  strongly  supersaturated  solution  of  borax  (e.y.  2  parts  water 
to  about  1'6  borax),  protected  from  the  &lling  in  of  borax  powder,  deposits  crystals 
of  octohedral  borax,  Ka*BH)'  +  6H*0 ;  but,  if  the  supernatant  liquid  be  touched  with  a 
crystal  of  ordinary  prismatic  borax,  it  will  immediately  deposit  crystals  of  the  latter. 
Octohedral  crystals  likewise  form  in  a  solution  of  borax  evaporated  under  the  air-pump* 

On  the  Antteeptic  action  qf  Borax  and  Boric  acid,  see  Fsbmektation. 
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Preparation  of  Crystalline  Borates  in  the  dry  way,  OwtdiflaJty 
haa  hitherto  been  experienced]  in  preparing  crystalline  borates  in  the  dxy  W9j,  m 
account  of  their  ready  f^bility :  hence  they  have  hitherto  been  dbtamed  in  this 
manner  only  as  amorphoos  Titreoos  masses.  A.  Ditto  (Oompt,  rend,  Izzrii.  7SS»  89tX 
has,  however,  overcome  the  difficulty  bv  adding  the  borate  to  be  crTitallisady  or  Hi 
constitnenta,  to  a  mixture  of  alkaline  chlorides  in  equivalent  proportions  oontaiiudiB 
a  platinum  crucible,  so  arranged  over  the  lamp  that  the  bottom  only  is  at  s  red  beat 
The  borate  sinks  and  dissolves  in  the  chlorides,  which  are  but  just  in  a  state  of  ftuion 
on  the  sur&ce.  On  reaching  the  surface  again  by  convection,  the  borate  bercBisi 
crystalline.  It  is  easily  detached  from  the  cooled  mass,  and  is  then  washed  with  hot 
water. 


Calcium  Borates, — ^A  saturated  boiling  solution  of  boric  acid  readily 
Iceland  spar,  marble,  chalk,  or  dolomite,  forming  small  needles.  Theee  oyitals 
present  the  same  appearance  as  the  crusts  of  naturalcalcium  borate  wlueh  are  fisnid 
m  Tuscany  on  the  limestone,  and  which  Beudant  supposed  were  formed  b|T  the  aetioo 
of  borax  upon  the  carbonate.  The  composition  of  the  borate  formed  by  the  aetaon  of 
boric  acid  on  a  carbonate  is  expressed  by  the  formula  Oa"H^K)*.(H*BO*y,  or  nono- 
calcic  tetrametaborate,  plus  2  mols.  of  boric  acid.  This  compound  loses  its  water  at 
200^,  and  fuses  at  460''.  When  it  is  introduced  into  the  crucible  oontaining  tha 
alkaline  mixture,  kept  at  as  low  a  heat  as  is  compatible  with  fusion,  the  ajftiak 
which  form  on  the  sur&ce  have  the  following  compodtion : — ^Lime » 44*67*  borie 
oxidea65'42,  corresponding  with  the  formula  OaBK)S  or  calcium  metaborate.  Tb» 
same  result  is  obtained  with  the  precipitate — a  sesquimetaborate,  according  to  Boss* 
which  is  formed  on  adding  borax  to  a  soluble  calcium  salt.  The  addition  of  a  aasll 
quantity  of  calcium  chloride  to  the  fnsed  mass  in  the  above  experimenta  osbmb 
crystallisation  to  take  place  more  quickly,  but  with  no  alteration  in  composition.  The 
crystalline  borate  appears  in  the  form  of  four-sided  prisms,  often  flattened  out  into 
plates,  and  arranged  in  fluted  masses.  It  is  colourless,  transparent,  verv  fbsibls, 
readily  soluble  at  60^  in  concentrated  hydrochloric  or  nitric  acid  diluted  witn  its  owo 
bulk  of  water,  but  insoluble  in  boiling  concentrated  acetic  acid.  If  the  ealdom 
chloride  employed  in  hastening  the  formation  of  the  crystals  amounts  to  a  fourth  of  the 
whole  mixture,  a  borate  is  crystallised  having  the  formula  Ga'BH)*(  »  Ca'BH)'  •¥  B^O*! 
or  calcium  orUioborate  plus  one  mol.  of  boric  oxide.  This  is  also  formed  when  a  iittb 
boric  acid  is  added  to  a  fusing  mixture  of  2  parts  of  potassium  chloride,  2  parts  of 
sodium  chloride,  and  1  part  of  calcium  chloride.  The  crystals  have  the  form  of  long 
prisms,  striated  parallel  to  the  side-edges.  They  are  soluble  in  all  acidi  exeopt 
acetic.  The  third  crystalline  calcium  borate  formed  has  the  composition,  lime  ■■  84*671 
boric  oxide » 65-32,  corresponding  with  the  formula  Ga*B*0"( « Oa<B«0'3K)^  or 
2  mols.  of  calcium  metaborate,  phu  1  mol.  of  boric  oxide.  It  is  obtained  by  adding  to 
the  mixed  cUorides  in  fusion,  precipitated  calcium  borate,  or  the  prodfnet  of  the 
reaction  of  boiliDg  boric  acid  solution  on  calc-spar,  with  the  addition  of  one-third  its 
weight  of  fused  Iwric  acid.  The  crystals  are  long,  silky,  slender  needles,  ^le  sans 
salt  is  obtained  in  flattened  pearly  needles,  when  boric  acid  is  simply  Aised  with 
chalk.  If,  in  the  former  operation,  the  boric  acid,  instead  of  being  one-third  of  the 
weight  of  the  borate  employed,  be  in  great  excess,  the  crystallisation  is  retarded,  and 
the  salt  formed,  which  is  in  flat  needles  soluble  in  cold  nitric  add,  is  the  ealdoB 
analogue  of  borax. 

I^rontium  Borates, — Strontium  carbonate  behaves  like  caldum  carbonate  with  a 
boiling  solution  of  boric  acid.  But  if  the  product  of  the  reaction,  or  the  predpitate 
produced  by  mixbg  borax  with  a  soluble  strontium  salt,  be  added  to  tne  heated 
chlorides,  it  does  not  fose,  but  is  converted  into  strontium  borax,  oontaining  stRmtia 
b42'66,  boric  oxide  »  57*33,  corresponding  with  the  formula  SrBH)^  Even  when  a 
slight  excess  of  strontium  chloride  is  present,  the  same  result  is  obtained.  If  in  the 
last  case  a  jet  of  steam  be  directed  upon  the  top  of  the  melting  contents  of  the  crodbU 
crystals  are  formed  which  do  not  diner  in  composition  from  those  last  mentioned. 
This  compound  forms  long  needles  soluble  in  cold  nitric  add.  If  caustic  stxontia  be 
added  in  excess  in  either  of  the  last  three  experiments,  opaque  striated  fonr-dded 
prisms  crystalUse  out.  These  are  very  soluble  in  acids,  and  have  the  oompodtion 
Sr'BH)*^  When  one  equivalent  of  boric  acid  and  one  equivalent  of  canatic  strontia 
are  heated  strongly  in  a  carbon  crucible,  brilliant  needles  are  obtained,  whidi,  when 
added  to  the  mixture  of  heated  chlorides  containing  a  little  strontium  diloride,  an 
converted  into  short  striated  crystals  condsting  of  SrB*0\  If,  in  the  last  operation, 
caustic  strontia  be  also  added  m  excess,  small  flat  prisms  are  obtained.  They  are 
coloured  ydlow  by  a  trace  of  iron,  and  have  the  composition  Sr'BK)*.  Thisoompouid 
dissolves  in  all  dilute  adds  except  acetic 

Barium  Borates, — ^When  the  predpitate  formed  by  adding  borax  to  %  sdhUe 
harium  salt  is  dissolved  in  the  fused  chlorides,  needles  are  obtained  whidi  show  a 
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tondcnej  to  group  themselves  in  crosses  or  stars,  the  branches  of  which  are  inclined 
to  each  other  at  an  angle  of  60®.  The  composition  of  these  crystals  is  barium  62'87> 
boric  oxide  47*63,  corresponding  with  the  formula  BaB^O'.  IBioric  oxide  and  caostio 
baryta,  when  bronght  to  a  strong  red  heat  in  equiyalent  quantities,  in  a  carbon 
cmeible,  yield  a  grey  crystalline  mass,  which,  when  submitted  to  the  action  of  the 
mixed  duorides,  wiui  addition  of  barium  diloride,  fiimishes  white  six-sided  prisms 
terminated  by  pyramids.  They  are  readily  soluble  in  warm  dilute  acids,  and  contain 
barium  68*46,  boric  oxide  41*64,  corresponding  with  the  formula  Ba'B'O". 


JBoraUt, — ^When  a  mixture  of  magnesia  and  boric  oxide,  the  latter  in 
largo  excess,  is  brought  to  a  white  heat  in  a  carbon  crucible,  hard,  white  opaque 
maaBQs  are  left  on  cooling,  surrounded  by  the  glass  of  boric  acid.  These  masses 
consist  of  long  needles  ramatin^  from  centres.  Tbey  are  soluble  in  all  warm  dilute 
adds,  except  acetic,  and  contain  magnesia  80*00,  boric  oxide  70*00,  corresponding 
with  the  formula  JSg^BH)^^  »  SM^B^O^.B'O*),  which  is  the  formula  of  the  boracite  from 
lionebuxg.  "When  wis  compound  is  introduced  into  the  fused  chlorides,  it  loses  half  its 
borie  oxide,  the  liberated  oxide  forming  transparent  drops  attached  to  the  portions 
of  salt  which  are  yet  unaltered.  The  crystals  which  form  are  lar^,  transparent, 
flattened  needles,  terminated  by  points.  They  dissolye  in  warm  dilute  nitric  and 
sulphuric  acid,  and  contain  magnesia  46*40,  boric  oxide  63*60,  oorresj^nding  with 
the  Ibrmnla  Hg'B^O*.  The  same  compound  is  produced  if  the  operation  is  commenced 
with  one  equiyalent  of  magnesia  and  two  equivalents  of  boric  oxide.  If  the  artificial 
boracite  be  heated  very  strongly  with  the  mixed  chlorides,  it  loses  a  fourth  only  of  its 
boric  oxide.  The  crystals  Uius  obtained  are  in  the  form  of  needles  or  of  prisms, 
which  contain  magnesia  36*86,  boric  oxide  63*16,  corresponding  with  the  formula 
MgBK>*. 

The  constitution  of  the  borates  of  barium,  strontium,  and  magnesium  above 
described  is  similar  to  that  of  the  analogous  calcium  compounds. 

Dauhle  Borates. — If  the  artificial  boracite  be  heated  in  the  mixed  chlorides  with  a 
large  excess  of  calcium  chloride,  the  crystals  form  ver^  slowly,  and  the  salt  is  obtained 
in  prisms  terminated  by  regular  pyramids.  It  contains  lime  29*78,  magnesia  21*34, 
borie  oxide  48*87,  corresponding  with  the  formula  Ga*Mg*BH)i*[or  Oa*B«0*.Mg«B«0^. 
If  strontium  cUoride  be  substituted  for  the  calcium  chloride,  the  compound  agBHj* 
is  alone  obtained.  But  if  caustic  strontia  be  substituted,  a  double  salt  of  strontium 
and  magnesium,  exactly  analogous  to  the  magnesio-calcic  salt  described  above,  is 

Srodnced,  containing  strontia  43*60,  magnesia  16*40,  boric  oxide  40*00.    Both  these 
onble  salts  dissolve  easily  in  dilute  acids. 

Ettimation  qf  Baric  acid,— The  following  method,  depending  on  the  conversion  of 
the  boric  acid  into  crystallised  calcium  borate,  is  reccmimendea  by  A.  Ditto  (Ccmpt, 
rend,  Ixxx.  490,  661)  as  easier  and  more  exact  than  any  of  the  processes  commonly 
em^l^ed. 

When  the  boric  acid  is  combined  only  with  alkalis,  the  solution,  neutralised  if 
necessary  with  ammonia,  is  mixed  with  excess  of  a  saturated  solution  of  pure  calcium 
chloride,  which  throws  down  a  gelatinous  precipitate  of  uncertain  composition,  soluble 
in  excess  of  calcium  chloride.  The  mixture  is  evaporated  to  dryness  in  a  platinum 
crucible,  which  is  then  filled  up  with  a  mixture  in  equivalent  proportions  of  the  pure 
chlorides  of  potassium  and  sodium,  and  the  whole  is  heated,  gently  at  first,  over  a 
gas-jet,  so  as  to  fuse  the  mixed  chlorides.  Calcium  borate,  CaBK)\  in  the  form  of  a 
•pcmffy  mass,  settles  down,  is  partly  dissolved,  and  then  forms  a  ring  of  crystals 
which  rises  as  a  crown  in  the  upper  and  cooler  part  of  the  crucible.  The  mass 
removed  from  the  crucible  is  treated  with  water  and  washed  on  a  filter,  and  the 
crystalline  needles  of  calcium  borate  are  brushed  off  and  weighed. 

The  essential  precautions  are  not  to  fuse  the  spongy  mass  first  formed,  but  other- 
wise to  keep  the  bottom  of  the  crucible  as  hot  as  nossible,  while  the  sides  and  upper 
part  are  kept  as  cool  as  possible,  consistent  with  tne  fiuidity  of  the  mixed  chlorides. 

If  the  borate  is  insoluble  in  water,  and  contains  bases  other  than  alkalis,  it  is 
dissolved  in  dilute  hydrochloric  add,  and  the  bases  are  separated  by  the  usual  method, 
care  beinff  tak<in  not  to  introduce  any  substances  capable  of  forming  an  insoluble  salt 
with  calaum  chloride.  If,  therefore,  alkaline  carbonates  have  been  used  to  predpitate 
the  bases,  they  must  be  decomposed  by  hydrochloric  acid,  and  the  solution  heated 
gently  so  as  to  expel  the  carbonic  ada  without  volatilising  any  of  the  boric  add. 
The  Uquid  is  then  to  be  treated  with  ammonia,  caldum  chloride  added  in  excess,  and 
the  TOOcess  continued  in  the  manner  above  described. 

The  same  method  is  applicable  to  the  estimation  of  the  boric  add  wluch  occurs 
in  seiyesal  silicates.  If  the  mineral  is  easily  decompodble  l^  adds,  as  is  the  case 
with  datholite  and  botiyolite,  it  is  finely  pulverised,  and  decomposed  by  digestion  for 
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Mveral  hours  with  hydrochlorie  ftcid  at  60^-60^  and  a  Mtuiatad  toliiftioii  of  edeuui 
chloride  is  added,  together  -with  ammoxiia  to  nentraliBe  the  free  adda.  Tba  bone  aod 
silide  acids  are  thereby  cooverted  into  calcium  salts,  and  the  liquid  may  be  avapotitsj 
to  dryness  without  loss  of  boric  add.  The  whole  is  then  introduced  into  a  andUs 
and  gradually  heated  to  ftmion,  whereupon  the  greater  part  of  the  calduB  bonte 
crystallises  in  a  ring  at  the  surfiioe,  while  the  silicate  remains  at  the  bottoBi.  After 
cooling  the  ring  of  borate  is  detached,  and  the  remainder  remelted,  in  cgodsr  to 
crystallise  the  small  reddual  portion  of  borate ;  then  after  a  few  minuteii  the  bottoB 
of  the  crudble  is  heated  as  strongly  as  posdble,  to  frit  and  agglomerate  the  sQieite 
of  caldum.  On  treating  the  ring  and  uie  cooled  mass  with  cold  water  to  rsaen 
soluble  salts,  the  whole  of  the  boric  add  remains  in  the  form  of  crystaUieed  celdui 
borate,  mixed  with  dlicate,  in  the  form  of  small  semi-fiued  grains  or  soomCuws  aBall 
crystals.    The  whole  is  easily  washed,  and  may  be  weighed  after  dniiig. 

To  complete  the  estimation,  the  mixture  of  borate  and  silicate  of  calcium  is  heitsd 
with  nitric  add,  the  whole  evaporated  to  dryness,  and  the  residue  digested  witii 
solution  of  ammonium  nitrate,  whereby  the  lime  is  completely  dissolved  oat»  and  m^ 
be  estimated  in  the  solution.  The  residue,  after  washing  and  calcination,  eondsts  of 
pure  dlica,  which  may  then  be  weighed.  The  weights  of  the  lime  and  silica  deduetad 
from  that  of  the  mixture  of  borate  and  silicate  give  the  weight  of  boric  oodde^  BK^, 
in  the  original  compound. 

If  the  substance  to  be  analysed  is  not  easily  attacked  by  adds,  it  is  calcined  witi 
excess  of  potassium  or  sodium  carbouate,  and  the  caldned  mass  is  treated  with  hot 
water  containing  a  little  sal-ammoniac :  the  liquid  is  evaporated  to  dryness,  and  the 
reddue  is  digested  with  water,  which  leaves  the  insoluble  bases  together  with  aportioQ 
of  the  silica,  the  filtered  liquid  containing  the  rest  of  the  silica^  together  with  the 
whole  of  the  boric  acid.  This  filtrate  is  treated  with  hydrochloric  acid  to  deconqKM 
the  excess  of  alkaline  carbonates;  the  whole  is  heated  to  expd  carbonic  add;  im- 
monia  and  calcium  chloride  are  added ;  the  solution  is  evaporated  to  dryness ;  and  the 
analysis  completed  as  above. 

To  analyse  a  compound  or  mixture  of  borates  and  fiuorides,  the  solution  of  tht 
substance  in  hydrochloric  add  is  treated  with  calcium  chloride  and  ammonia  as  above, 
the  whole  evaporated  to  dryness,  and  the  mixture  of  alkaline  chlorides  and  caletom 
borate  and  fluoride  is  heated,  whereby  the  calcium  fluoride,  which  when  first  pcedpi- 
tated  is  gelatinous  and  very  difficult  to  wash,  is  rendered  compact  and  dense,  so  tint, 
when  the  contents  of  the  crucible  are  treated  with  cold  water,  the  mixture  of  cslennn 
borate  and  fluoride  is  easily  loosened,  and  may  then  be  washed,  dried,  and  weighed. 
The  mixed  salts  are  next  treated  with  a  hot  strong  solution  of  ammonium  nraate^ 
which  completely  dissolves  the  borate  and  leaves  the  fiuorides.  This  latter  is  finslty 
washed  and  weighed,  and  its  weight  deducted  from  that  of  the  whole  gives  the  wei^t 
of  the  borate. 

Finally,  whether  the  salt  to  be  analysed  is  a  simple  borate  or  a  mixture  of  a  bonto 
with  silicate  or  fluoride,  the  boric  add  may  always  be  estimated  in  theformof  ealeinm 
borate,  and  the  same  method  may  be  applied  in  nearly  all  cases  of  the  esttmatien  of 
boric  acid  (A.  Ditto,  Oompt.  rend,  Ixxx.  563). 

Fluoboric  acid. — ^According  to  A.  Basarow  {BvU,  8oc,  Ckim.  [2],  zxii.  8),  the 
so-called  fluoboric  add,  HB0*.3HF,  discovered  by  Gay-Lussac  and  Thinaid,  and 
examined  by  J.  Dayv  and  Berzelius  h.  633^,  has  no  existence.  When  water  is  satu- 
rated with  gaseous  ooron  fluoride  and  the  liquid  is  subjected  to  fractional  distiUatioo 
in  a  platinum  retort  heated  in  an  oil-bath,  products  are  obtained,  difierin^  in  speeifie 
gravity  and  compodtion,  according  to  the  temperatures  at  which  they  distiL  1  ce.  of 
water  at  0^  and  762  mm.  pressure  absorbs  1057  cc.  of  boron  fluoride. 

The  fltioboraiest  usually  described  as  deflnite  salts,  appear  also  to  have  boon 
nothing  but  mixtures.  Thus  the  sodium  salt,  NaBO'.SI^aF -i- 4HK),  described  Ij 
Berzelius,  is  resolved  by  fractional  crystallisation  into  sodium  fluoride,  neutral  sodium 
borate,  borax,  and  a  translucent  gelatinous  mass  which  is  insoluble  in  water,  and  dries 
up  to  a  white  crystalline  powder.  Neither  is  it  possible  to  obtain  a  definite  flooboiate 
of  diver.  A  solution  of  KaBO'  +  3NaF  gives  with  silver  nitrate  the  characteristic 
reaction  of  the  borates — that  is  to  say,  a  partly  white,  partly  brown  precipitate  of 
silver  borate  and  oxide.  The  attempt  to  prepare  a  fluoboric  ether  was  likewise 
unsuccessftiL  It  may  therefore  be  conduded  that  ndther  fluoboric  acid  nor  its  salts 
have  any  existence  (DetU.  C^&m.  Ges,  Ber,  vii.  1121). 

BOSOWp  OSOAVXC  OOMPOWBB  OF.  Triallylio  Boratt,  or  Bof%9 
Triallylate^  B(OCH*)*.  This  ether  is  formed  in  small  quantity  when  boron  chloride 
is  passed  into  absolute  allyl  alcohol,  and  more  abundanUywhen  a  mixture  of  bone 
oxide  and  allyl  alcohol  is  heated  to  130^  in  sealed  tubes.  The  product  is  a  odhMolesi 
mobile  liquid  having  a  tear-exciting  odour,  and  boiling  between  168^  and  17^*    It 
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boms  with  a  green  ilsme,  and  is  constantly  decomposed  bj  water,  with  separation  of 
bocio  acid  (0.  Councler,  DmU,  Chrnn,  Ges,  Ber.  ix.  486). 

Derivatives  of  Triethylie  Borate. — Frankland,  in  1862,  described  the 
aetioo  of  sinc-ethjl  and  eino-methyl  on  triethylic  borate,  and  showed  that  these 
oxgano-metallic  bodies  displace  the  ethoxyl  (OCH*)  bj  the  organic  radicle  which  thej 
ecmtam  (ii.  625 ;  iu.  986).    Thus  :— 

B(OCWa»)»  +   3Zn(CH»)«  =  B(CH»)»  + .  3Zn<^^, 

Borioethar.        Zinc-methyL  Boiio  Zino 

methlde.  methoethylata. 

Further,  thatborie  ethide,  when  cautiously  exposed  to  a  slow  current,  first  of  air  and 
then  of  dry  oxygen,  takes  up  2  at.  oxygen,  forming  boric  etho-di ethyls te, 
(C*H*)B(OC^*)*,  a  liquid  boiling  with  partial  decomposition  between  96*^  and  126^, 
but  distilling  unchanged  under  reduced  pressure.  By  contact  with  water  this  com- 
pound  is  easily  ehang^  into  boric  ethodihydrate,  (CH*)B(OH)*.    Thus: — 

(C«H»)B(OC«H»)«  +  2HH)  =  2C*H»0H  +  (C«H»)B(OH)". 

Farther  experiments  by  Frankland  (JProc.  Roy.  8oc,  xxY.  106)  have  led  to  the 
IbUowing  results : — 

Barie  kkiie  may  be  prepared  by  passing  a  current  of  the  yapour  of  boric  chloride 
through  lino-ethyl — 

8Zn(Cra»)"  +  Ba»  -  B(0«H»)»  +  8Zn<^*. 

Borie  etkopentethylate,  'B\C'B.*)(OC*R*)\  is  formed  by  heating  2  mols.  of  boric 
ether  with  1  moL  of  zinc-ethyl — 

2B(0C«H»)«  +  Zn(C«H»)»  -  Zn(C«H»)(OC^»)  +  B«(0«H»XOO«H»)». 

It  IB  a  colourless,  mobile  liquid,  boiling  at  about  112^,  and  condensing  without 
alteration.  Its  vapour-density,  taken  between  114^  and  120^,  is  69  (H^l),  which 
repreaents  a  4-Tolume  condensation,  indicating  that  the  compound,  in  passing  from 
the  liquid  to  the  gaseous  state,  is  broken  up  into  boric  ethodiethylate  and  boric  tri- 
ethylate— or  triethylic  borate — 

B«(C«H»)(OC»H»)»  -  ((?H»)B(OC«H»)«  +  B(OC«H»)». 

A  similar  deportment  is  exhibited  by  ammonio-boric  methide,  NH'.B(CH')',  which 
is  reaolved  by  heat  into  NH'  and  B(CH')',  the  mixed  vapour  resulting  from  the  de- 
composition haviog  also  a  4-volume  condensation.  These  decompositions,  which  are 
similar  to  that  of  sal-ammoniac,  NH^Q,  into  NH'  and  HCl,  together  occupying  4 
vols,  of  vapour,  render  it  probable  tiiat  the  compounds  under  consideration  have  a 
constitution  analogous  to  that  of  the  ammonium-salts,  and  that  boron,  though  usually 
triadic,  may,  like  nitrogen,  enter  into  combination  as  a  pentad.  On  this  view  the 
constitution  of  ammonio-boric  methide  and  diboric  ethopentethylate  may  be  repre- 
sented by  the  following  formula : 

NH»  ^C*H»)B(0(?H»)« 

B(CH")»  B(OCra»)» 

Ammonio-boric  jMborlc 

methide.  ethopentethylate. 

Borie  dietluhetlwlate,  (C*H*)fB(OC*H*),  intermediate  between  boric  ethide  and  boric 
ethodiethylate,  is  formed  in  laige  quantity  by  boiling  boric  ether  with  2  mols.  of  cine- 
ethyl: 

B(OCra»)"  -I-  2Zn(0»H»)«  «  2Zn<^^2»  +  (C*H»)«B(OC'H»). 

When  thus  prepared  it  retains  a  small  quantity  of  boric  ethylate  or  of  diborie 
ethopentethylate,  from  which  it  cannot  be  freed  even  by  repeated  rectification.  It 
may,  however,  be  obtained  pure  by  distilling  diboric  ethopentethylate  with  3  mols.  of 
xinc-ethyl,  in  an  atmosphere  of  carbonic  anhydride : 

B«(C«H»XOO«H»)»  -I-   8Zn(C«H»)«  -  3Zn<^^2»  +  2(0»H»)«B(0C«H»). 

This  product^  when  rectified,  is  a  colourless,  mobile  liquid,  havinjg;  an  ethereal 
odour  and  pungent  taste»  boiling  at  102°,  distilling  unchanged,  and  haying  (at  136*6°) 
a  vapour-density  of  66*6  (H^  1),  indicating  a  normal  2-yolume  condensation.  It  takes 
iire  m  the  air  and  bums  with  a  greeniffh  flame.  Exposed  to  dry  air,  and  then  to 
oxygen,  it  oxidises  to  boric  ethodiethylate : 

((?H»)«B(OC«H»)  +   0  -  (C»H»)B(00»H»)*. 
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Borie  diethohydrate,  (C*R*yB{OE),  formed  Ij  ap^itating  borie  dwthoethjiato  iHtk 
water,  is  a  apontaneouslj  inflammable  ethereal  liqud,  which  reaemUet  bocie  alfaida 
and  ia  decomposed  on  distillation. 

Bono  etho-ethylaU  hydrate,  (C*H*)B<[^^',  is  fbimed  by  ezponng  boric  dBaOo- 

hydrate  in  a  cooled  vessel  to  a  slow  current  of  dry  air.  It  is  liquid  at  oidjiiaij  tMi- 
peratnres,  bnt  solidifies  below  8^  to  a  white  crystalline  body,  smelling  like  borie  ethids^ 
and  havin^i  a  pungent  taste.  It  is  rapidly  decomposed  l^  water  into  aleohol  aid 
boric  ethodihyuate,  according  to  the  equation : 

(0*H»)B<2^^*  +  H«0  =  C«HK)H  +  (C«H»)B(OH)«. 

It  is  not  spontaneously  inflammable,  and  cannot  be  distilled  under  ordiiiazy  at- 
mospheric pressure  without  decomposition. 

BOmurOVXTB.  A  finely  crystallised  sj^edmen  of  this  mineral  from  tht 
Herod's  Foot  mine  at  Liskeard,  m  Cornwall,  having  a  specific  gravity  of  6'8S6,  hu 
been  analysed  by  0.  £.  Wait  {Chem,  News,  xxviii.  271),  with  the  following  resalt: 

8  AS  8b  Fb  Oa  Fe 

19-869        0*469        28-677        41949        18*268        0*679  -  99*801. 

On  the  Oiystalline  forms  (ortho-rhombic)  of  Boumonite  from  Waldenatem  b 
Carinthia  and  Pribram  in  Bohemia,  see  v.  Zephazovich  {Jakrb,/.  Mm,  1876f  666; 
Chem.  8oc.  J.  1877.  i.  683). 


See  BBBTSOLUsniA.  (p.  822). 

BBAItTTiTW  and  BRAKZUiXv.  Brazilin,  the  colourless  crystalline  sabftaaee 
which  is  extracted  from  Brazil-wood,  and  turns  rod  when  exposed  to  the  air  in  eontaet 
with  alkalis,  has,  according  to  £.  Kopp,  the  composition  CnH**0'  (2nd  StippL  208). 
According  to  Liebermann  a.  Burg,  on  the  other  hand  (Deut.  Chem,  Gu,  Ber,  x. 
1883),  its  composition  is  C*'H'K)',  and  it  gives  with  lead  acetate  a  white  precipitate, 
G^'H^'PbO*  +  HK),  which  becomes  rose-coloured  when  dry,  gives  off  its  water  at  180^, 
and  then  becomes  darker. 

AcetyJrbragilin,  G>«H>*(G*H*0)«0«,  is  obtained  b^  heating  bfaalin  to  \W 
with  acetic  anhydride,  and  when  purified  by  recrystallisation  f^m  alecAol,  fom 
white  anhydrous  needles  having  a  satiny  lustre,  and  melting  at  149^-161^. 

Chloro'bra'silin,    GmH»G1*0\    and    Bromo-hragilin,    G><H»BrK)«,   an 

obtained  by  treating  the  aqueous  solution  of  brazilin  with  chlorine-  and  bramns- 
water. 

If  these  results  are  correct,  hsematozylin,  0**H'K)',  the  colouring  matter  of  k^ 
wood,  is  simply  oxybrazilin,  and  is  related  to  brazilin  in  the  same  manner  aejpurpazin 
to  alizarin.  Accoiding  to  £.  Kopp's  formula,  on  the  other  hand,  bradlin  u  related 
to  hsematoxylin  and  resorcin  in  the  manner  represented  by  the  equation: 

G«H"0'  +  HK)  «  C"H»*0«  +  0^«0«; 

and  it  appears  firom  Kopp's  experiments  that  resorcin  is  actually  obtained  by  the  dij 
distillation  of  braalin. 

Braslleliif  the  red  colouring  matter  produced  by  oxidation  of  bnzilin  in  eoataet 
with  alkalis,  has,  according  to  £iebermann  a.  Burg,  the  composition  C"H"0*,  bang 
formed  from  brazilin  by  abstraction  of  2  at.  hydrogen.  The  product  formed  in  the 
first  instance  is  a  salt,  from  which  the  brazilein  may  be  separated  br  adds,  in  the 
form  of  an  amorphous  violet  precipitate,  which  acquires  a  fine  gold  colonr  wImb  dry. 
Grystallised  brazileXn  may  be  obtained  by  treating  a  hot  aqueous  solution  of  bfa&lm 
with  an  alcoholic  solution  of  iodine.  Tbe  crystals  are  grey,  silvery,  rhombic  plates, 
which  dissolve  in  alkalis,  forming  a  purple-red  solution  from  which  the  braBuih  is 
repredpitated  by  adds. 

Another  red  colouring  matter  (also  called  brazilein)  is  formed  from,  brazilitt  by  the 
action  of  nitrous  acid  (Reim,  Deut,  Chem,  Gee,  Ber,  iv.  833),  also  by  oxidation  in  the 
air,  in  contact  with  ammonia,  the  ammonia  being  doubtless  fiirst  oxidised  to  nttroos 
add,  which  then  acts  on  the  brazilin  as  above.  The  colouring  matter  thus  produced 
contains  nitrogen,  and  when  purified  by  solution  in  potash,  predpitation  witn  Iqpte- 
chloric  add,  and  drying  at  126*',  has  the  composition  C"H»>NO»  or  N(O«*H'*O0. 

Adopting  Kopp's  formula  for  brazilin,  the  formation  of  the  nitrogenous  coIooriBg 
matter  may  be  represented  by  the  equation  : 

80«^»K)»  +  NO«H  -   C««H"NO«  +  2H«0. 
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It  IS  leUted  to  brazilin,  €^["0',  in  the  nine  manner  as  hflsmateSn  to  hcmatozylin 
and  phlomn  to  phloroglacin  (R.  Benedikt,  LiAig's  Annalm,  dzzz.  100). 


K   Respecting  the  Detection  and  EstimatioQ  of  Alnm  in  Bread,  see  Alum 
(p.  07). 

v.    See  Ema-BBBor. 


An  amorphous  arsenical  yartety  of  this  mineral  (L  816) 
called  Arite,  occurring,  together  with  galena,  blende,  ullmanite  and  quarts,  on  the 
Ar  mountain  at  the  fdot  of  the  Pic  de  Qer,  near  Eaux-Bonnes,  Dep.  Basses  Pyrto^es, 
has  been  analysed  by  F*  Pisani  {Compi,  rend.  IzxvL  289)  with  the  following 
results: — 

B  As  Sb  Nl  Zn  ^  gr. 

1*7        11*6        48-6        87*8        2*4  ->   101-6  7*19 

These  numbers  lead  to  the  formula  Ni(Sb,As). 

ai&vaft  OXB.    See  STEFHAKTrs. 


C»OVr  or  MIMBKATiB  (A.  Schrauf,  Jakrb,  /.  Mm, 
1878,  969).  The  minerals  of  this  group  are  isomorphous  with  malachite.  Mono- 
dinie  (^yproximately).  Axial  ratio  a:b:  0  s  0*7797  :  1  .'  0*4888.  An^e  6  :  o»90^ 
ZSf,  The  more  exact  measurements  of  brochantite  cannot  be  referred  to  l[!oksoharow's 
rhombic  system  of  axes  {Jahreth.f.  Chan,  1860,  786)  ;  and,  indeed,  the  measurements 
of  the  pyramids  of  brochantite  of  Rezbanya  giye  values  which  point  to  the  tridinic 
system.  Twin-formation  is  predominant,  as  in  the  plagiodases.  The  following  types 
of  brochantite  have  been  examined  by  Schrauf: — 

T^ps  /. — ^Brochantite  from  Bezbanva.  Tridinic.  Axial  system,  alh',e» 
0*810344  :  1  :  0*494648.  There  is  a  blackish-green  variety  not  yet  analysed,  and 
%  light-green  variety  containing  66*69  p.c.  CuO  and  17*6  SO*.  To  this  type  belong 
also  the  broehantites  firom  Bedruth  in  Cornwall,  and  of  Qumeschewsk  and  Nischne- 
Tkffilsk  in  the  UraL  There  are  also  indistinctly  crystallised  varieties 
(7&0.2SO'.6H'0)  tsom  several  localities,  viz.,  from  Nassau ;  from  Iceland  (krisu- 
vigite) ;  Chile,  Atacama,  Mexico  (brogniartite) ;  Arizona,  New  South  Wales,  and 
Cumberland;  from  Neu-Moldova,  Orawicza  and  Russ-Kitza  in  Hungary ;  fromSanska 
in  the  Banat;  from  Salzburg;  from  Zeller&ld  in  the  Harts;  and  from  Illoba  in 
Hungary. 

2>M  IT.— Waringtonite  from  Cornwall  (3CuHK)*.CuS0^HK)).    Third  variety 
from  Kezbanya.    Monodinic? 

7)fpt  HI, — ^From  Nischne-Tagilsk :  not  analysed.    Honodino-tridinie. 

IV, — 'Koniginn'     from     Russia.       Fourth     variety     from     Beibanya, 
CuSO^.    Honodinic  or  rhombic  ? 


8Cu^&: 


CBr*.CHO.  On  the  formation  of  this  compound,  and  its  combination 
with  hydrocyanic  add,  see  p.  68  of  this  volume.  On  its  reaction  with  BmMme,  see 
p.  169. 

When  bromal  is  treated  with  potassium  cyanide  and  alcohol,  a  laige  quantity  qf 
hydrogen  cyanide  is  given  off,  and  on  addition  of  water,  ethylic  dibromacetate, 
dHBr'.CCCH*,  separates  as  a  heavy  oil,  boiling  without  decomposition  at  192^-196^ 
(N.  Remi,  Deut,  Chan,  Om,  Ber,  viii.  606). 


kOaX*  The  micrographic  and  chemical  characters  of  the  textile 
fibres  of  certain  plants  of  this  order  have  been  examined  by  Schlesinger  (J,  JRftarm. 
Ckim,  [4],  zviii.  161).  The  fibres  of  BiUhergia  Leopoldi  are  simple  and  regular  in 
form ;  their  walls  are  parallel,  and  everywhere  of  the  same  thickness.  A  cavity, 
which  is  nearly  always  less  than  half  the  diameter  of  th6  cellule,  is  always  present. 
The  diameter  of  the  fibres  is  small,  varying  from  6  to  13  millimeters,  and  their  length 
is  considerable,  so  that  they  are  specially  suitable  for  fine  tissues.  When  acted  upon 
by  fleshly  prepared  ammoniacal  oxide  of  copper,  the  fibres  undergo  a  curious  change. 
Some  of  them  swell  out  and  turn  round  their  own  axis,  forming  ringlets  and  knots ; 
oUiers  puff  out  in  an  undulatoiy  manner,  and,  under  the  prolonged  influence  of  the 
reagent,  lose  all  their  cellular  membranes,  while  their  intenial  membranes  are  decom- 
posed, the  external  membrane  alone  remaining  as  a  bluish  tube.  A  dilute  alcoholic 
solution  of  iodine,  fbUowed  by  a  drop  of  very  dilute  sulphuzio  add,  gives  to  thefibres 
ft  reddish-yellow  tint ;  nitric  add  colours  them  yellow,  and  conoentiated  sulphuric 
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acid  slightly  decompoaes  them.  A  solotlon  of  canrtie  soda  readily  iMhtot  ^ 
fibres. 

In  Macrochardion  Tinetorum  the  fibres  have  a  manmiun  diameter  of  about  U 
millimeters,  and  the  length  of  the  cellules  is  Yery  small,  Taxying  from  2  to  6  niCi- 
meters.  The  ends  of  the  cellules  are  rather  blnnt,  rarely  ^inted.  As  the  fibm 
have  not  yeiy  thick  -walls,  the  cavity  is  large  and  sometimee  ooenptes  failf  tht 
diameter  of  the  cellule ;  this,  however,  is  irregular,  and  gives  to  all  the  fifaie  an  izit- 
gular  form. 

Ammoniacal  oxide  of  copper  causes  a  great  swelling  of  the  fibre,  vitlioQthovncr. 
changine  its  form ;  concentrated  sulphuric  acid  dissolves  it  oompletely ;  nitiie  idd 
colours  it  yellow ;  and  a  solution  of  caustic  soda  causes  the  "walls  to  ewell,  so  tiw 
the  cavity  is  reduced  to  a  small  line,  and  sometimes  disappears  altogether. 


Bromide  of  Hydrogen,  Hydrobromie  aoid, — ^The  direct  foznitiaB 
of  this  compound  from  its  elements  may  be  strikingly  exhibited  by  setting  finu 
hydrogen  gas  which  has  passed  over  bromine ;  thick  fumes  of  hydrolnomic  and  beiig 
thereby  produced  (Merz  a.  Weith,  Deut.  Chem,  Gee.  Ber,  vi.  1618). 

On  the  Heat  evolved  in  the  solution  of  Hydrogen  Bromide  in  water,  see  2ni  Samli 
634. — On  the  Constitution  of  Aqueous  Hydrobromie  Acid,  and  on  the  redproflil  &• 
placement  of  Hydrobromie,  Hydrochloric,  and  Hydriodio  acids,  ibid.  653. 

On  the  Heat  developed  in  the  action  of  Hydrobromie  acid  with  the  Oxidai  rf 
Potassium,  Mercury,  and  Silver,  and  in  the  decomposition  by  Water  of  eertua 
Bromides  belonging  to  the  Fatty  Series ;  see  the  article  HaiLT  in  this  Tolnme. 


On  the  occurrence  of  Bromine  in  Apatite,  sea  2nd  8mppl.  lOQi 

On  the  Affinity  of  Bromine  for  Hydrogen  and  Oxygen,  as  measored  by  the  fitetof 
Combination,  ibid.  606,  611,  612. 

Impurities  in  Commercial  Bromine, — According  to  Phipsom  (CUsat.  JSmst,  xxm 
51),  commercial  bromine  sometimes  contains  cyanoeen,  iniich  nay  be  detected  bjr 
gradually  adding  to  the  bromine  an  equal  weight  of  iron  filings  mixed  withtplih 
of  water,  filtering  rapidly,  and  leaving  the  liquid  at  rest  The  whole  of  the  cyaaagm 
is  then  deposited  in  a  few  days  as  ferricyanide  of  iron.  This  reaction  might  be  la- 
ployed  in  testing  with  pure  bromine  for  cyanogen  in  steel. 


Bromoform,  a  fre<^uent  impurity  in  bromine,  may  be  detected :  (1.)  By  the  _ 
tity  of  real  bromine  m  saturated  bromine-water  prepared  from  the  sample  ecinil 
out  too  low.  (2.)  By  the  characteristic  odour  of  oromoform,  which  comes  out  vitS 
peculiar  distinctness  when  the  bromine  is  added  to  a  solution  of  potasslnm  iodide 
and  the  separated  iodine  is  decolorised  with  sodium  thiosnlphata  (Beymaan,  DWL 
Chem.  Gee.  Ber.  viii.  790). 

On  a  Compound  of  Bromine  with  Acetic  acid  and  Hydrobromie  aaid«  see  Agbk 
ACID  (p.  10). 

On  the  Detection  and  Estimation  of  Bromine  {2,nd  Suppl,  210,  675);  see  ila) 
Halooeics  in  this  volume 

On  the  use  of  Bromine  in  Hydrometallurgy,  Assaying  and  Chemical  Technology, 
see  R  Wagner  (Dinyl.  pol.  J.  ccxviii.  261 ;  ccxix.  644 ;  Chem.  8oe,  J»  1876,  L  741, 
ii.  214). 

Reaction  of  Bromine  with  Hydrogen  Sulphide. — Dzy  sulphuretted  hydrogen  is  di* 
composed  by  dry  liquid  bromine  into  hydrobromie  acid  gas  and  dear  brown  limdd 
sulphur  bromide.  This  liquid,  after  the  deposition  of  the  sulphur,  was  found  to 
contain — 

While  still  saturated  with  HBr  ...        77  per  cent,  of  bromine 
After  standing  two  days  over  lime  66 


After  several  months 61 


•t 
If 


Sulphuretted  hydrogen  acts  very  slowly  on  this  liquid  sulphur  bromide,  and  fimlfar 
produces  a  dark  yellow  solid  mass,  containing  18  per  cent,  of  bromine  satwated 
with  HBr ;  after  standing  for  one  day  over  lime  (during  which  sulphur  braiaids 
escaped  by  sublimation),  it  contained  9*6  per  cent,  of  bromine. 

The  action  of  sulphuretted  hvdrogen  on  bromine  dissolved  in  water  is  itwiJTniM 
After  the  liquid  is  saturated  at  the  ordinary  temperature  with  hydrobromie  acid,  thi 
latter  escapes  in  the  gaseous  state  as  fast  ns  it  is  formed,  the  rate  depending  on  t^ 
At  which  the  stream  of  hydrogen  sulphide  is  passed  through  the  liqui<£  Hie  i 
solution  formed  at  ordinary  temperatures  contained  in  a  cubic  centimeter — 
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T.  After  the  first  Tiolent  reaction    .        .        .        1*06  gram  of  HBr 
II.  After  the  addition  of  bromine,  and  when  the 

solution  had  become  colonrleas         .        .        1*11  „ 

UL  After  farther  addition  of  bromine,  and  when 

again  colourless 1*18  ,, 

In  the  last  case  1  cubic  centimeter  at  20°  weighed  1*762  grams,  and  contained— 

Water 0*58  gram. 

Hjdrobromic  acid  ....        1*13    „         *»  64  per  cent. 
Sulphuric  acid        ....        0'052  „ 

The  sulphur  bromide  from  below  the  liquid  in  III  contained,  when  dry,  60  per 
cent,  of  bromine ;  after  washing  with  water  and  standing  for  several  days  over  lime  and 
sulphuric  acid,  66  per  cent,  of  bromine. 

A  continual  stream  of  hydrobromio  acid  gas  and  a  concentrated  solution  of  the 
gas  may  therefore  easily  be  prepared  by  passing  sulphuretted  hydrogen  into  a  solution 
of  bromine  in  water,  till  the  water  is  saturated  with  hydrobromic  acid  gas;  on 
further  addition  of  sulphuretted  hydrogen,  the  hydrobromic  acid  gas  escapes,  and  may 
be  absorbed  by  water  in  a  receiver.  The  sulphur  bromide  may  be  decomposed  by  hot 
water,  and  the  solution  used  again  in  the  next  operation  to  dissolve  tne  bromine. 
The  ouly  drawback  in  the  preparation  of  hydrobromic  acid  in  this  way  is  the  forma- 
tion of  traces  of  sulphuric  acid  from  the  sulphur  bromide. 

Berthelot  supposed  that  the  limited  action  of  sulphuretted  hydrogni  on  iodine  in 
presence  of  water  is  due  to  the  formation  of  a  definite  hvdrate,  HI  -i-  4HK) ;  but, 
according  to  the  experiments  of  Thomsen  and  others,  no  such  hydrate  exists  at  ordi- 
nary temperatures  (A.  Naumann,  Deut,  Ckem,  Gsb.  Bar.  ix.  1674). 

Bromine  Chloride^  BrCl.  According  to  Bomemann  {lA^ntfs  Annaim,  elxxxix. 
206),  this  compound  is  a  red-brown  liquid,  stable  only  at  temperatures  below 
-f  1 0"*.  The  hydrate,  BrCl  +  6H'0,  described  by  Lowig,  does  not  exist ;  the  crystalline 
mass  formed  by  the  action  of  water  on  bromine  chloride,  if  indeed  a  definite  com- 
pound, has  the  composition  BrCl+  10H*0. 

Perbromic  acid,  BrO^H,  is  formed  by  agitating  bromine  with  aqueous  perchloric 
acid.  The  potasrium  wit  obtained  by  neutralisation  is  isomorphous  with  the  corre- 
sponding periodate  and  perchlorate.  The  barium  salt  is  formed  by  mixing  the  aqueous 
solutions  of  potassium  perbromate  and  barium  chloride,  and  separatee  in  crystals  on 
addition  of  alcohol  (Hmr,  Chem.  8oc.  J,  1874,  324). 


CHBr*.  This  compound  may  be  prepared  (like  iodoform  ^.v.) 
by  the  action  of  an  alcoholic  solution  of  iodine  containing  phenol  on  white  precipitate 
(C.  Rice,  Chem,  Cenir.  1876,  468).  According  to  R  Schmidt  {Deut,  Chem,  Gu,  Ber. 
z.  193)  its  sp.  gr.  at  14*6  is  2*776. 

Decomposition  by  the  Copper-zine  Couple. — When  bromoform  in  presence  of  alcohol 
is  brought  in  contact  with  a  couple  having  the  copper  in  a  finely  divided  state,  reac- 
tion takes  place  in  a  minute  or  two,  with  almost  explosive  violence.  With  a  coarse 
couple,  a  mixture  of  acetylene  and  methane  is  given  ofT,  bromethylate  of  sine  remain- 
ing in  the  fiask : 

(a)  CHBr»  +   8C«H»0H  +   3Zn  «  CH*  +   8(C*H»0.Zn.Br) 

(6)  2CHBr*  +  dZn  -  C*H*  +  dZuBi*. 

The  ratio  of  acetylene  to  marsh-gas  tends  to  show  that  nearly  two-thirds  of  the 
bromoform  is  decomposed  aocordiuff  to  the  reaction  a,  the  remaining  third  according 
to  6.  A  considerable  quantity  of  the  acetylene  produced  enters  into  combination  as 
acetylide  of  copper. 

With  zinc-foil  in  presence  of  alcohol,  a  temperature  of  60^  is  required  to  start  the 
reaction,  which  then  goes  on  rapidly,  yielding  also  marsh-gas  and  acetylene,  but  the 
marsh-gas  is  in  much  larger  proportion  than  when  the  couple  is  used,  and  the  whole 
of  the  acetylene  formed  is  evolved  as  gas. 

In  presence  of  toater,  the  couple  acts  very  slowly  on  bromoform  at  ordinary  tem- 
peratures, with  evolution  of  marsh-gas  and  formation  of  zinc  bromide  and  oxybromide. 
At  60°  the  action  is  more  rapid,  and  a  little  acetylene  is  evolved,  together  with  the 
marsh-gas  (Gladstone  a.  Tribe,  Chem.  8oe,  J.  [2],  xiii.  510). 

On  the  Detection  of  Bromoform  in  Commercial  Bromine,  see  p.  860. 


BKOMOXAVORM.  This  body,  which  Cahours  obtained  by  the  action  of  bromine 
on  potassium  citrate  and  on  dibromodtraconie  acid,  has  been  regarded  by  Cloes  and 
by  liSgermarck  as  pentabromomethyl  acetate,  OBr'.C'HBrH)'.  Cloez,  in  fiust,  states 
that  it  can  be  formed  by  simply  pouring  bromine  on  methyl  acetate ;  and,  aoeording- 
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to  Steiner,  it  is  formed  bj  the  action  of  bromine  on  this  ether  at  160^.  GximMB,  oa 
the  other  hand  {Com^,  rend,  Ixzriii.  1442),  finds  that  bromine  may  be  left  ia  eontad 
with  methyl  acetate  for  a  month  without  the  slightest  action,  and  that  at  160*  a 
reaction  tikM  place,  resulting  in  the  formation  of  methyl  bromide  ami  bsomacetie 
add.    Moreoyer,  the  production  of  pentabromomethyl  acetate  &om  dtrie  add  it  iii- 

Srobable  on  theoretical  grounds.  Grimaux  also  fimu  that  bromozafbnn  ma^  be  no- 
uced  by  the  action  of  lm>mine  on  acetone,  the  product  thus  obtained  being  identieil 
with  that  which  is  prepared  from  citric  acid.  Hence  Ghimanx  regards  biOBMaaftni 
as  pentabromacetone,  OBr'.CO.GHBi'. 


See  Coffer,  Aixots  of. 

,  TiO*.  This  mineral,  hitherto  regarded  as  rhombie,  appean  ftoa 
the  recent  investigations  of  A.  Schrauf  {Jahrb,/.  Mm,  1878,  764;  1877»  408)»  to  bs 
monodinic  with  niombio  habit.  This  character  explains  the  complete  iaomwplum 
of  brooldte  with  wolframite,  and,  aa  in  the  case  of  the  latter,  seyeral  typeaof  biookiU 
may  be  distinguished : — 

I.        a:b:e  ^  0-840269  :  1  :  1*0926736. 
Angle  of  inclined  axes  b  90**  36}'. 

To  this  type  bebng  crystals  from  Tayistock  and  firom  OhamonnL  Twins  oem; 
haying  the  axis  of  combination  perpendicular  to  the  orthopinacoM.  Tha  cijrtdi 
exhibit  numerous  feices,  the  orthopinaooi'd  predominating.    Sp.  gr.  4*16. 

n.        a:b:o  ^  0*84693  :  1  :  0-93796. 
Angle  of  inclined  axes  »  90°  39'  20". 

Crystals  from  Ulster ;  here  also  occur  twins  combined  according  to  tha  pneadiqg  law, 
Sp.  gr.  4-21. 

m.        a:b:e  ^  0-841419  :  1  :  0-943441. 
Angle  of  inclined  axes  »  90^  6'  30*. 

To  this  type  belong  most  of  the  forms  hitherto  described  as  rhombic  Two  twin-Cor- 
mations  have  been  established ;  one  (from  Wales)  with  the  axis  of  rotation  perpeodi- 
cular  to  oD^ob ,  the  other  (from  Russia)  with  the  axis  of  rotation  perpendieoMr  to  OP. 
Sp.  gr.  411. 

Schrauf  attributes  these  yarieties  to  polymensm,  and  distinguishes  sixteen  ibcms 
of  brookite,  most  of  them  exhibiting  a  great  number  of  faces,  and  likewise  zdns 
arkansite  and  eumannite  to  brookite. 

The  *  dispersion '  in  the  plane  of  the  optic  axes  exhibited  by  brookite  ia  icgaided 
by  Schrauf  as  a  further  proof  of  the  monodinic  character  of  this  mineral. 

G.yom  Rath,  on  the  other  hand  {Jahrb.  /.  Min,  1 876,  201),  infersfrom  measuvements 
of  a  remarkably  fine  crystal  of  brookite  from  the  gold  washingB  of  Atlianak,  nesr 
Miask  in  the  Ural,  that  this  mineral  unquestionably  belongs  to  Sie  rhombic  sjsten. 
The  crystal  in  question,  11  mm.  long  and  4  mm.  Uiid:,  exhibits  the  oonibin»> 
tion  ooP  .too  .  P  .  2P  .  JP  .  2P2  .  6f^  .  2P4  .  ffs  .  j1?oo  .  jPoo  .  2f  oo  .  oofoo  . 
oof  00  .  OP. 


BmuoZBTB,  O'E^^K)*.  This  alkaloid  crystallises  in  monodinie  prims  (S. 
Schmidt,  DetU,  Chem.  Ges,  Ber.  x.  838). 

Canvernon  into  Stryehnne. — The  formula  of  strychnine,  0"H*"N»()*,  may  be 
derived  from  that  of  brucine  by  addition  of  4  at.  0,  and  elimination  of  20*0,  and 
2C0',  and  this  conyersion  is  actually  efiected  by  the  action  of  nitric  add.  In  ftet, 
when  brudne  is  gently  heated  with  four  or  five  times  its  weight  of  dilute  nitrie  add, 
the  mixture  becomes  red,  and  carbonic  anhydride  is  eyolved.  The  red  aolution  when 
concentrated  on  the  water-bath,  and  agitated  with  ether,  after  addition  of  eosesM  of 
potassium  hydrate,  gives  a  red  ethereal  solution,  which,  on  evaporation,  leayea  a  red 
colouring  matter,  a  yellow  resin,  and  a  base.  The  latter,  when  purified  by  ffftlntiflp  in 
adds  and  recrystallisation,  gives  the  characteristie  reactions  of  strychnine^  and  is 
identical  therewith.  This  conversion  of  brucine  into  strychnine  is  of  especial  int«ert 
in  its  toxicological  aspect,  for  it  was  found,  on  examining  a  mixture  of  lead  nitnte 
and  brudne  for  alkaloids  by  the  Stass-Otto  method  (i.  126),  that  a  base  waa  iadated 
which  gave  the  reactions  of  strychnine  and  not  of  brucine. 

Conversely  strychnine  heated  for  several  months  to  100^  in  sealed  tnbee  with  a 
strong  base,  such  as  baryta,  potash  or  soda,  yields  beddes  colouring  matten  and  other 
products,  a  compound  which  resembles  brucine  in  its  behaviour  with  nitrie  add,  and, 
moreoyer,  has  a  powerful  reducing  action,  separating  silver  and  platinum  from  their 
salts  in  the  metidlio  state  (Sonnenschein,  Jkut,  Chtm.  Ges.  Ber,  viii.  212).  8ae  also 
Shenstone  (Pharm.  J.  Ikrans,  [3],  viii.  662 ;  Chem.  8oe,  J,  1877,  ii.  499). 
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Xhte^itm  of  Brucine. — Aoeording  to  Bwdis  (Ckem.  Centr.  1872,  440X  the  most 
delicate  test  for  bracbe  is  Dragendorff's  modified  nitric  acid  test.  ^  mgm.  bradne, 
diflBolyed  in  sulphuric  acid,  gives,  when  a  drop  of  nitric  acid  is  allowed  to  come  in 
contact  with  it  in  a  watch-glMs,  at  first  a  rose  colour,  then  orange,  and  lastly  yellow. 
Tha  red-Yiolet  colour  whi^  is  caused  by  addition  of  tin  chloride  or  ammonium  sul- 
phide IB  not  distinct  with  less  than  ^  mgm.  of  the  alkaloid. 

Potassium  iodide  gives  a  kermes-coloured  precipitate,  even  in  a  solution  dilated 
50,000  timet.  Potaasium-bismuth  iodide  gives  an  orange-red  precipitate  in  a  6,000 
times  diluted  solution.  The  presence  of  strychnine  does  not  affect  the  nitric  acid  test ; 
neither  does  caffeine  interfere  with  the  detection  of  brucine. 

Struve  (2ieit9chr,  anal.  Ckem,  xii.  164)  recommends  the  precipitation  of  brucine 
from  mixed  liquids  by  phosphomolybdic  acid ;  even  small  traces  of  this  precipitate 
will  give  with  nitric  add  the  characteristic  reaction  of  bmdne. 

According  to  J.  H.  Buckingham  (Pharm,  J,  7Va9w.  [8],  iii.  884),  a  solution  oi 
ammommm  mUphaiomoli/bdate  recently  prepared  by  heating  8  grains  of  ammonium 
molybdate  with  two  drachms  of  sulphuric  add,  colours  brucine  brick-red. 

Flnckiger  {JreJL  Pkarm,  [81,  vi.  404)  recommends  merourous  nitrate  as  a  delicate 
teat  for  bradne.  An  aqueous  solution  of  this  salt  (not  containing  free  nitric  add)^  gives 
at  first  no  coloration  iraen  added  to  the  solution  of  a  brudne  sfdt.  But  if  the  mixture 
IB  gently  heated  on  a  water-bath,  a  fine  carmine  colour  is  produced,  which  is  very 
durable.  Strychnine  does  not  give  this  reaction,  so  that  one  part  of  brucine  can  be 
detected  by  this  means  when  mixed  with  ten  to  twentrjr  parts  of  strychnine.  The 
opium  and  cinchona  alkaloids,  also  veratrine,  caffeine,  piperine,  are  not  coloured  by 
marcurous  nitrate,  but  albumin  and  phenol  act  in  the  same  wav  as  brudne.  The  red 
colour  produced  by  phenol,  however,  soon  passes  into  brown.  Brucine  may  be  detected 
in  presence  of  strychnine  by  eraporating  tfie  acetates  to  dryness,  strychnine  acetate 
being  thereby  decomposed,  and  yielding  pure  strychnine,  whue  brudne  acetate  suffers 
little  alteration.  Oobalticyanide  of  potasdum  precipitates  dilute  solutions  of  the 
salts  of  strychnine,  but  not  those  of  brucine. 

HydnmhJdde9  of  Bmeine  (£.  Schmidt,  D&ut,  Chem,  Qea,  Ber.  viii.  1267 ;  x.  838). 
— Two  of  these  compounds  are  formed  by  the  action  of  hydrogen  sulphide  on  an 
alcoholic  solution  of  brudne,  viz.: 

a.  Yellow  prismatic  needles  (m.  p.  about  125^)  formed  on  pasdng  a  rapid  stream 
of  the  ^ns  into  a  stroo^  solution  of  brucine  in  alcohol  (1  :  10). 

/9.  Buby-red  tridinic  crystals  (m.  p.  155^)  formed  after  a  while  in  dilute 
solutions. 

Schmidt  at  first  asdgned  to  these  compounds  the  formulsB : 

C»H««N«0«.H«8«  +  2HK)  ;  C«H»N«0<.2H«8« ; 

Yellow.  Bed. 

bat  by  decompodng  in  hydrochloric  add  solution  with  arsenious  add,  and  determining 
the  quantities  of  arsenious  sulphide  and  sulphur  thereby  precipitated  (the  process 
by  wnich  Ho&oann  analysed  the  corresponding  strychnine-compounds  ^,  v.)  he  finds 
that  they  contain  not  H^  but  H'S',  and  are  represented  by  the  following  formulsB : 

(C»H»NK)n«H«8«  +  6H«  0 ;  (0»H*N«0<)»(H«S»)«. 

xeDow.  Bed. 

BVOBOVZTB  (F.  Sandberger,  Mikich,  Akad,  Ber,  1872,  208;  Jahrb,  /.  JUin, 
1878,  647). — ^A  rock,  belonging  to  the  nephelenite  group,  occurring  on  the  Oalvarien- 
heig,  near  Poppenhausen  on  the  Bhon,  on  the  Steinberg  near  Sinsheim  in  Baden,  and 
in  o^er  localities,  usually  as  a  dark  grey>  fine-grained  mass,  in  which  are  imbedded 
very  thin  lamiiUB  of  a  micaceous  mineral,  giving  to  the  whole  the  appearance  of 
porphyry.  Examination  with  a  lens  shows  also :  wUte  substances,  some  <n  which  have 
a  fitity  lustre ;  black,  highly  lustrous  hornblendes ;  and  magnetic  iron  ore,  often  in 
well-developed  octohedrons.  In  other  very  fine-grained  portions,  which  have  under- 
gone alteration  and  have  a  blue- black  colour,  the  same  minerals  are  seen  only  after 
etching  with  acid,  or  in  microscopic  sections ;  then,  however,  augite  and  tridinic 
felspars  also  come  to  light,  but  in  much  smaller  crystals  than  the  mica  and  horn- 
blende. All  the  sections  likewise  exhibit  hexagonal  and  needle-shaped  crystals, 
mostly  imbedded  in  the  mica,  which  give  the  reactions  of  phosphoric  add,  and  doubt- 
less consist  of  apatite. 

In  the  variety  from  Poppenhausen,  and  less  frequently  in  that  from  Sinsheim, 
there  occur  coarse-grained  masses  free  from  magnetic  iron  ore,  but  containing  horn- 
blende in  long  prisms  or  radiating  tufts  of  a  raven-black  colour ;  nepheline  having  a 
fadnt  fatty  lustre ;  orthodase  and  mica ;  occasionally  also  apatite  and  plagiodase ; 
chrysolite  occurs  sparingly  in  the  Poppenhausen  variety,  more  abundantly  in  that 
from  Sinsheim.  Ilie  mica  forms  blade-brown  hexagonal  tables  having  almost  a 
9rdJ9i^,  A  A 
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TitreoiiB  lustre ;  it  oomtuiis  lazoo  qnantittes  of  ferroni  and  feme  oaddm,  bvt  little 
alumina  and  magnesia,  and  mn<»  potash. 

Bnchonite  is  distingnished  ffom  nephelenite  bj  the  abundant  and  eoMtet 
occurrence  of  hoimblende,  and  df  a  mica  which  is  not  identiiml  with  biodti  (tm 
magnesia  mica).  Only  the  Tariety  from  Sinsheim  has  jet  been  analjisd  qasBtil^ 
tiyely,  by  C.  Gmelin  {Letmhardfs  BeUrUge,  i.  86),  who  ibond  it  to  be  ctipossd  m 
follows: 

«.  Qelatinisiiq^poztion;  b.  Non-gelatinising  portion ;  e.  Total  oonadtnents,  aeeoid- 
ing  to  Roth's  calculation : 


SIO*. 

A1H)». 

FeO. 

MgO. 

CaO. 

K«0. 

Na*0. 

HH). 

a.    . 

.      85-91 

18-46 

28-98 

813 

4-02 

2-41 

6-84 

1-23 

-    99-47 

6.    . 

.      63*82 

12-95 

14-68 

4-13 

414 

— 

— 

— 

-    9912 

e.    , 

.     51-42 

16-39 

21-04 

8-68 

4-09 

1-07 

2-87 

0-66 

-    99-61 

Phosphoric  acid,  chlorine,  and  titanic  acid  were  not  determined. 

The  gelatinising  is  to  the  non-gelatinising  portion  in  the  proportion  of  abost 
3:4. 

The  analysis  is  sufficient  to  show  the  difference  between  buchooita  aid  tin 
nephelinite  of  the  neighbouring  Kataenbuckel,  this  difference  being  most  eon^ieaoii 
'in  the  amounts  of  iron  and  alkali. 

The  medium-grained  variety  from  the  Calvarienberg  at  Foppenhanaan  has  bia 
analysed  Inr  K  y.  Gterichten.  Its  specific  gravity  is  2*85.  Its  proximate  rrnistiftati 
are  nephelin,  partly  in  course  of  transformation  into  natrolite;  hombleBdi;  a 
micaceous  mineral ;  magnetic  iron  ore ;  triclinie  and  orthoolastic  fialspar ;  apstttt 
and  augite.  A  large  portion  of  it  (40-78  p.  c.)  is  decomposed  by  hydrochloric  aei^ 
with  very  distinct  separation  of  p;elatinous  siuca.  This  portion  is  therefore  to  tke 
undeoompoaible  portion  in  the  ratio  of  2  :  3,  whereas  in  the  Sinsheim  rock  this  atiD 
is  3  :  4.  The  residue  of  the  treatment  with  hydrochloric  add  i*^*^TiFf,  after  the 
silica  has  been  removed  by  sodium  carbonate,  a  very  small  quantity  of  an|ite, 
transparent  colourless  orthoolastic  felspar,  and  a  small  quantity  of  trieunie  felraar. 
Quantitative  analysis  gave :  a.  Portion  soluble  in  hydrochloric  acid  (calenlataa  to 
100).    b.  InsoluUe  portion  (calculated  at  100).    e.  Total  constituenta — 

SiO«.  P^.  PWHy.  A1"0».  VtO.  OaO.  MgO.  KH>.  Na«0.  H^- 

a  .    33-19  1*60  14*80  9-37  11*56  984  278  216  1208  2*77  •  100^ 

6   .     64-64     —  14*46  1068  2*34  716  0*44  6'26  6*04  ~  «  109 

e  .    46-84  0-66  1482  10*18  6*42  8*40  1*47  8-66  877  1-21  -  100« 

The  small  amount  of  magnesia  and  the  large  amount  of  iron  in  the  inaohlib 
residue  show  that  the  rock  contains,  not  basaltic  hornblende,  but  a  hombleiida  lidi  is 
iron  and  poor  in  alkalis,  like  arfredsonite,  and  the  hornblende  occurring  in  theainoa- 
syenite  of  Brevig.  Orthodase  occurs  abundantly  in  the  residue,  and  ia  an  eaanlhl 
constituent  of  the  rock. 

Notwithstanding  the  difference  of  mineralogical  character,  the  total  result  of  thi 
analysis  of  buchonite  is  very  much  like  that  which  Bosenbusch  obtained  fiv  te 
porphyritic  nephelenite  of  the  Katsenbuckel  {Jahrbuch.  1869,  47). 

BVOBV.  The  leaves  of  several  species  of  Barotma  growing  at  the  Ospe,  knosi 
as  buchu  leaves,  contain  an  essential  oil,  which,  by  long  exposure  to  the  eold  tf 
winter,  yidds  a  well-dystalUsed  camphor  melting  at  86^  and  beginning  to  asUias 
at  110^.  It  dissolves  in  carbon  bisulphide,  and  crystallises  thereAram  m  flat 
needles.  The  oil  poured  off  fix>m  the  camphor  of  Baroama  betulma  does  not  bail 
below  200°,  and  after  rectification  over  soda  answers  to  the  fonnula  C^'H'^ 
The  crude  oil  turns  the  plane  of  polarisation  to  the  left  (Fluckiger,  Pharm.  J,  2Vsml 
[3],  iv.  689). 


XUBTAMITB.    A  bustamite  from  lUzbanya  in  Hungary  has  been  fosnd  bj 

L.  Sipocs  (Mm.  MUth,  1873,  3)  to  contain : 

SiO^        A1H)«.       FbO.        IfnO.       MgO.        GaO. 
47-44       117       6-64       2313       116       2102   =    10046. 


O^H'*.    On  the  nitro-derivatives  of  butane,  see  NirnoPABavfnp 
under  Pabaffins. 


TeMting  Jor  AdfUteraiions.^Rwrn   {Zeitschr,   anal.    Ckem.  1872, 
MS)  agitates  the  melted  butter  in  a  glass  tube,  narrowed  and  graduated  in  tin 
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lower  third  of  its  length,  with  {petroleum-ether  (sp.  gr.  0'60;  m.  p.  80^-110^). 
The  impurities  (water,  &c)then  sink  down  to  the  lower  part  of  the  tube,  where 
their  amount  can  be  read  off,  while'  the  fatty  matters  are  dissolyed  by  the  petroleum 
ether. 

See  also  J.  Oampbell  Brown  (Cfhem,  News,  zxyiii.  1  18,  31,  39,  42,  67,  69). 

J.  W.  Ckitehouse  (Ckem,  News,  xzxii.  297)  describes  a  method  of  detecting  the 
adulteration  of  butter  with  other  fEits,  depending  on  the  insolubility  of  potassium 
stearate  in  alkaline  solutions.  The  butter  is  first  boiled  with  water,  and  saponified 
at  a  high  temperaturo  with  half  its  weight  of  solid  potassium  hydrate.  If  the  butter 
is  pure,  the  mass  will  have  a  fitint  yellow  colour;  if  adulterated,  it  will  mostly  be 
black.  The  temperature  must  be  kept  above  200°  C.  for  a  few  minates,  otherwise  the 
stearate  formed  will  not  be  insoluble  in  the  alkaline  liquid.  The  saponified  mass  is 
repeatedly  boiled  with  water  till  the  entire  quantity  of  liquid  exceeds  200  cc.  Part 
of  this  solution  is  poured  into  test-tubes,  and  its  appearance  observed.  If  it  exhibits 
only  a  fiunt  opalescence,  the  butter  is  pure ;  in  tae  contrary  case  it  is  impuro,  the 
turbidity  of  the  liquid  increasing  with  the  degree  of  impurity. 

A  method  for  the  complete  analysis  of  butter  is  given  by  A.  H.  Allen  {Cktm,  Newi, 
xzxii.  77).  The  amount  of  water  is  determined  by  diying  a  weighed  quantity  of 
the  butter  at  110^-120^ ;  that  of  fat,  by  exhausting  the  dried  butter  with  petroleum. 
This  leaves  undissolved  the  casein  and  salts,  together  with  any  amylaceous  substances, 
such  as  potatoes,  flour,  &c.,  that  may  have  been  added ;  these  may  then  be  farther 
examinea.  A  good  unadulterated  butter  contains,  on  the  average,  86  per  cent. 
of  fat.  If  the  amount  is  less  than  80  per  cent,  the  butter  may  be  regarded  as 
adulterated. 

Butter-fat  differs  from  ordinary  animal  fats,  such  as  beef  or  mutton  suet,  in  con- 
taining the  glyeerides  of  volatile  fstty  adds  (butvric,  caproic,  caprylic,  &c.),  in 
addition  to  those  of  the  fixed  &tty  acids,  stearic,  palmitic,  &c.,  which  are  the  only 
adds  present  in  suet  and  lard.  In  117  samples  of  butter  from  various  sources, 
analysed  in  the  laboratory  of  the  Board  of  Inland  Revenue,*  the  proportion  of  fixed 
&tty  adds  was  found  to  vary  from  86*60  to  89*90  per  cent,  whereas  beef  suet  gave 
96*91  and  fine  lard  96*20  per  cent. 

The  proportion  of  volatile  adds  in  butter  may  be  determined  by  saponifying  the 
purified  fat  with  potash,  and  decomposing  the  resulting  soap  with  sulphuric  acid,  in 
presence  of  a  quantity  of  water  sufficient  to  dissolve  the  whole  of  the  volatile  fatty 
adds  thereby  set  frree.  The  total  amount  of  free  acid  in  the  aqueous  solution  is 
estimated  in  a  portion  br  standard  soda,  and  calculated  as  H^O*;  a  measured 
portion  is  then  precipitated  with  barium  chloride,  and  from  this  the  total  amount  of 
■ulphurie  add  actually  present  in  ihe  liouid  is  calculated.  Another  tK>rtion  is 
evaporated  to  dryness ;  the  residue  is  heated  in  a  covered  platinum  cruciole  till  it 
eaases  to  fiune ;  finally,  with  addition  of  ammonium  carbonate ;  and  the  E^SO*  thus 
formed  is  calculated  to  H90^  which  gives  the  combined  sulphuric  add.  From  these 
data  the  free  sulphuric  acid  is  obtained,  and  this  deducted  from  the  total  amount  of 
free  add  gives  the  free  add  other  than  sulphuric  acid  in  the  solution ;  this  amount 
may  be  ciQculated  to  butyric  add  (J.  Muter,  Analyst,  1876,  p.  7  ;  Chem,  8oo,  J.  1876, 
i.  238). 

This  method,  however,  like  all  others  that  have  been  devised  for  the  direct  esti- 
mation of  the  Uttf  adds  of  butter,  takes  up  a  oondderable  time,  and  is  somewhat 
difBeult  of  execution.  An  easier  method  is  afforded  by  the  determination  of  the 
specific  gravity  of  the  butter-fat,  which  for  the  most  part^  increases  very  regularly 
as  the  proportion  of  fixed  fotty  adds  in  the  butter  diminishes.  This  may  be  seen 
from  the  following  table  (p.  866),  extracted  from  the  report  above  quoted  on  ex- 
periments made  in  the  Inland  Bevenue  laboratory. 

The  correspondence  between  the  specific  gravity  of  the  fots  and  the  percentage  of 
fixed  fat^  acids,  as  shown  by  the  table,  is  in  fact  close  enough  to  admit  of  the 
determination  of  either  number  from  the  other  within  a  few  tenths  of  the  whole. 
The  slight  variations  observed  in  some  cases  aro  probably  due  to  the  fi&ct  that  the 
several  fixed  fiitty  adds  are  not  always  present  m  different  butters  in  exactly  the 
same  proportion. 

The  specific  gravity  of  ordinary  animal  fats  varies  from  902*83  to  904*66,  wheroas 
that  of  butter-fat,  as  seen  from  the  table,  nurely  foils  below  910,  the  usual  range  being 
from  911  to  913  (water- 1000). 

A  method  of  fodlitating  the  determination  of  the  specific  gravities  of  melted  fats 
is  described  by  G.  Estcourt  (Cksm,  News,  xxxiv.  264). 


*  Bepcrt  made  to  the  Boazd  of  Inland  Bamrae  hy  the  Pnnoipal  of  the  Chemical  Laboratory, 
BomerKt  Honae,  on  expcslmeota  oondnctad  by  him  tor  the  analyaii  of  batter,  Jwe  IS,  1876. 

A  A  2 
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Specific  OravUy,  Melting  Painty  and  Percentage  of  Fixed  Fattp  Adda  l»  BuUm^fet 


Spedflo  gniTitj  at 

MdtlDg 
point 

Feroentage  of 

^peoiflo  gtarltj'  at 

ICdting 
point 

r„„Mtou 

\W*  F.  (waters 
1000) 

fixed  fetty 
aoide 

100»  P.  (waters 
1000) 

Midi 

913*89 

87*6° 

86-60 

911-47 

90«> 

87-66 

912-79 

88-6 

86-00 

911-60 

92 

87-74 

912-89 

88-6 

86-46 

911-41 

92*6 

87-7» 

912-69 

89 

86-60 

911-29 

90 

87*90 

910-91 

91-6 

86-79 

910-78 

90 

88-00     , 

912-39 

89 

86-87 

911-79 

90-6 

88-06 

912-23 

88 

86-87 

911-34 

93 

88-12 

912-61 

89 

86*90 

910-80 

92*6 

8817 

912-08 

90 

86*92 

910*63 

98 

88-82 

912-01 

90-6 

86*96 

910-93 

92 

88*36 

912-39 

92 

8701 

910-94 

92-6 

88-40     1 

912-44 

89-6 

87-14 

91106 

98 

88-4S     1 

912-28 

87-6 

87-20 

910*86 

92-6 

88*4« 

912-28 

87-8 

87-30 

910-91 

90-6 

88-46 

911-90 

89 

87*30 

910-86 

92 

88-62 

911-46 

90-6 

87*36 

911-79 

00*6 

88*66 

911-60 

92 

87-40 

910-66 

92 

88-74 

912-08 

89 

87*42 

910-19 

92-6 

88*76     ! 

912-03 

90-6 

87-42 

910-14 

92 

88*90 

911-40 

89 

87-60 

909*87 

92*6 

89*16 

911-60 

93 

87-61 

909-39 

96 

89-80 

911-74 

01-6 

87-60 

909*37 

94-6 

89*90 

911-79 

90-6 

87-66 

AXrCOBOXiS  An*  XTBamS.  l.  Nobxal  Fbixabt  Cok- 
P0UKD8.  rOrabowsky  a.  Ba,jttx/Sf  Leut,  Chem.  Cres,  Ber,  1878,  1266;  Giabowdcj, 
Lieb.  Ann,  clxxv.  348.) 

Butyl  Mereaptan,  C«H"SH  =:  OH'CH<CH*(CH').SH,  prepared  by  the  adioD  of 
potassium  snlphydiate  on  butyl  iodide,  boils  at  97°-98®,  and  hB»  a  sp.  sr.  of  0*868  at 
0**  and  0-843  at  16^,  compared  with  -water  at  0^.  By  oxidation  with  nitric  add  it  is 
converted  into  b a tyl-snlphonic  acid,  the  barium  salt  of  whidi,(OH*S0^)^Ba+H^, 
crystallises  in  transparent  efflorescent  plates. 

Bntyl  Snlpliidei  (C^H*)^,  prepared  in  like  manner  with  potaMium  mono- 
sulphide,  boils  at  182^  and  has  a  sp.  gr.  0-8623  at  0"^,  0*8886  at  16*^,  compared  with 
water  at  O"". 

Bntyl  Osysnlpliida,  (C*H")^0,  is  formed  by  treating  the  sulphide  with  mtzie 
acid  of  sp.  gr.  1-3.  The  action  is  energetic,  even  at  ordinary  temperatures,  hot  to 
complete  it,  the  mixture  should  be  finally  treated  for  a  short  time  on  the  water-bath. 
The  product,  when  cold,  is  diluted  with  water,  and  the  oily  layer  removed  bj  agita- 
tion with  ether.  The  ethereal  solution  is  next  washed,  first  wiUi  water,  then  with  a 
dilute  solution  of  sodium  carbonate,  and  again  with  water,  after  which  the  ether  is 
removed  by  distillation.  The  oily  residue,  when  allowed  to  cool,  solidifies  to  a  oyi- 
talline  mass,  which  must  be  dried  over  sulphuric  acid,  and  the  liquid  portion  remofed 
by  draining.  The  butyl  oxt/eulphide  thus  obtained  crystallises  in  neecUes,  which  mslt 
at  32^,  and  are  decomposed  by  distillation.  It  is  insoluble  in  water,  but  easily  sofai- 
ble  in  alcohol  and  ether. 

BtUylevMone,  (OH*)^0^  is  prepared  by  slowly  oxidising  normal  bul^  sulpliide 
with  fuming  nitric  acid,  and,  when  the  reaction  is  complete,  evaporating  oo  the 
water-bath  until  the  excess  of  nitric  acid  is  completely  removed.  The  zeadne  is 
dissolved  in  ether,  and  washed,  first  with  dilute  soda-solution,  then  with  water.  On 
evaporating  the  ether,  an  oily  Uquid  is  left,  which  solidifies  to  a  crystalline  man  when 
dried  over  sulphuric  add.  To  purify  this,  it  is  pressed  between  paper,  and  ree^i- 
tallised  from  alcohol,  with  addition  of  animal  charcoal.  It  crystallises'  in  platei^ 
which  melt  at  43-6^,  and  are  easily  soluble  in  alcohol  and  ether.  Both  the  oxideaiid 
the  sulphone  yield  the  normal  mercaptan  by  reduction  (Grabowsky). 

2.  IsoFRiMABT  CoMPOUKDS.  Zsobutyl  alooliol,  CH(OH')*.CHK)H,  is 
converted  by  oxidation  with  chromic  acid  mixture  into  isobutyrio  add  and  aldehyde^ 
isobutylic  isobutyrate,  acetone,  carbon  dioxide,  and  water  (Kraemer,  DemL  Ckem.  Gee, 
Ber,  yii.  262).    Kraemer  regards  the  acetous  aa  a  direct  product  of  tJie  ozidatiQo  of 
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the  Isobntyl  alcohol ;  but  accordinff  to  K  Schxnidt  (ibid,  1861)  it  should  rather  be  re- 
garded aa  formed  by  further  oxidation  of  the  isobutyric  add  formed  in  the  first 
imtance.  It  has  in  &ct  been  shown  bj  Popoff  (S^eUtchr,  /.  Ckem.  187 If  4^,  that 
Msetone  is  actually  produced  by  oxidising  isobutyric  acid  with  aqueous  chromic  add 
It  140*'-160^  in  sealed  tubes ;  and  this  statement  is  confirmed  by  Schmidt,  who  has, 
naoireover,  obtained  considerable  quantities  of  acetone  by  heating  isobutyric  add  with 
sliromio  acid  mixture  to  90^-100^  in  such  a  manner  that  the  yolatile  products  may 
liatUoii: 

botontjl  Bromide*  CH(GH*)*.C£n3r.  This  ether  heated  in  sealed  tnbes  is 
gradually  converted  into  tertiary  butyl  bromide,  Of CH'^'Br,  the  result  bdng  brought 
iboot  by  a  series  of  decompositions  (into  HBr  ana  isooutylene^  and  recombinations 
[dissociation  and  aasodatioi^  going  on  simultaneously.  On  heating  sealed  tubes  con- 
taining ieobutyl  bromide  in  the  Tapours  of  various  benzoic  ethers  boiling  between 
213^  and  250^  it  is  found :  (l)  that  the  conversion  is  effected  between  213°  and  230^  ; 
[2)  that  it  it  is  never  complete ;  and  (3)  that  it  has  a  definite  limit  inde^ndent  of 
the  temperature,  the  amount  of  isobutyl  bromide  remaining  unaltered  being  about 
aoe-fifth  of  the  total  quantity  employed.  The  rate  of  conversion  depends  upon  the 
temperature.  At  260®  the  limit  is  reached  in  an  hour  or  two,  or  less ;  and  since 
tertiary  butvl  bromide  is  gaseous  at  that  temperature,  the  volume  of  the  liquid  gradu- 
illy  diminishes  until  ^in  most  cases)  the  whole  is  vaporised,  even  when  the  free 
ipaee  above  the  liquid  is  but  smalL 

On  determining  the  vapouinlensity  of  the  bromide  by  Dumas'  method,  at  various 
itagss  of  the  process,  it  was  fbund  to  begin  to  be  abnormal  at  a  temperature  between 
218^  and  230^,  coinciding  therefore  with  the  temperature  at  whidi  the  conversion 
into  the  tertiary  bromide  takes  place. 

3y  heating  equal  volumes  of  amyl  bromide  in  tubes  of  the  same  diameter,  but 
of  different  lengths,  it  was  fouud  that  the  rate  of  conversion  depends  upon  the  amount 
of  free  space  above  the  liquid,  whence  it  appears  that  the  conversion  takes  place 
chiefly  in  the  vapour  (Elketoff,  DetU,  Chem.  Ges,  Ber.  viii.  1244). 

laolnityl  OarlioBatea  and  Thioearboaate*  (Mylius,  Ikut,  Ckem,  Gea,  Ber, 

C^H*0 ) 
V.  972).    hobufyl  dUorocarbonate^        ^  >  OO,  is    formed   by  saturating  isobutyl- 

alcohol  with  carbon  oxychloride.  It  is  a  liquid,  resembling  the  eth^l-compound,  and 
distilling  with  much  decompodtion  at  130^-140°.    With  ammonia  it  yields  iaohtUyl- 

urtthane^^^^^CO,  a  solid  melting  at  66*^  and  boiling  at  206^-207^  not   at 

220^,  as  stated  by  Humann,  who  obtained  it  by  the  action  of  cyanogen  chloride  on 

isobutyl  alcohol.    IsdnUjfl'phent/lureihane,  q^,^^^  00,  obtained  by  mixing  ethereal 

solutions  of  the  chlorocarbonate  and  aniline,  ci^tallises  in  soft  white  needles,  melting 
at  80**  and  boiline  at  216^,  a  small  portion  bemg  resolved  into  the  alcohol  and  phenyl 
cyanate.  It  is  readily  soluble  in  ether  and  alcohol,  but  sparingly  in  water.  The  corre- 
sponding tolyl  derivative,  obtained  from  liquid  toluidine  filing  at  198^,  is  an  oily 
Liquid,  lulling  with  partial  decomposition  at  275^-280^. 

Potassium  I s ohuty Ixanthate,       xsl^*    formed    on  adding  carbon  di- 

solphide  to  a  solution  of  potash  in  isobutyl  alcohol,  crystallises  from  alcohol  in 
yellowish-white  needles,  and  is  resolved  by  destructive  distillation  into  carbonic 
oxide,  isobutyl  sulphide.  The  sodiitm  salt  is  a  dmilar  body,  which  is  very  freely 
soluble  in  water,  alcohol,  and  a  mixture  of  ether  and  alcohol. 

Ethylic  IsobutylxantkatSf  G'H'sl^'  is  obtained  by  heating  the  potassium 

nit  with  ethyl  iodide  to  1 OC.  It  is  a  yellow  liquid  boiling  at  227^-228'',  having  a  dia- 
igreeabla  smell  and  a  taste  like  that  of  aniseed.    By  the  action  of  isobutyl  ic^de  on 

the  potassium  salt,  isobuiylioisohuiylxanthate,  Q4|Jta(^S>  ^  produced,  a  liquid  boiling 

It  247^-250^  and  havinff  a  sp.  gr.  of  1*009  at  12^  The  corresponding  an^l-ether  is 
Tormed  only  at  140^.  It  boib  at  265^-270^,  with  decompodtion,  being  partly 
resolved  into  carbonic  oxide,  and  the  sulphides  of  amyl  and  isobutyl. 

Isobutyl  DioxythiocarbonatSt  (C^H'O.OS)^,  is  obtained  as  a  yellow  heavy 
>il  'vdien  duorine  is  passed  into  an  aqueous  solution  of  potassium  isobutylxanthate. 
By  the  action  of  sodium,  it  is  converted  into  sodium  isobutylxanthate ;  and  when 
immonia  is  passed  into  its  ethereal  solution,  it  yields  the  semv^ulpkurstted  urethane, 

^■m[OS,  crystallising  from  alcohol  or  ether  in  large,   ydlowish-white  rhombic 


858       BUTYL  ALCOHOLS  AND  ETHERS. 

plates,  meltmg  at  86^.    On  distillaUon,  the  greater  portion  it  resolTad  into  cuaaie 
acid  and  isobutyl  mercaptan. 

When  ethereal  solations  of  equivalent  quantities  of  anUin$  and  isobotgi  dio^- 
thiocarbonate  are  mixed,  the  liquid  becomes  warm,  sulphur  separates  nnX,  and  on 
eyaporation  a  residue  consisting  of  a  mixture  of  isobutyl  phenjlthiocarbamate  aid  di- 
phenylthiocarbamide  is  left  behind.  In  this  reaction  first  the  semisulphuretted  weUiaach 

C*H*NH  [  ^'  '^  formed,  together  with  aniline  isobntyl-xanthate ;  the  latter  compoBad 

easily  sputs  up  into  aniline,  carbon  sulphide, -and  isobutyl  alcohol,  and  the  aniline  tfam 
set  free  transforms  the  urethane  into  the  thiocarbamide. 

To  prevent  the  action  of  aniline  on  the  urethane,  the  liquid  has  to  be  kept  oold, 
and,  as  soon  as  the  separation  of  sulphur  ceases,  a  quantity  of  hydrochloric  aod  most 
be  added,  sufficient  to  neutralise  half  the  aniline  employed.  The  phenylnretliatM 
thus  produced  melts  at  75^,  and  has  a  bitter  taste  and  agreeable  odour.  It  cannot 
be  distilled  without  decomposition,  but  evaporates  completely  on  a  water-bath. 

Zeobatjl  Oxalate,  (C*E*)Hj'0\  is  easily  obtained  by  distilling  a  miztore  of 
oxalic  acid  partly  deprived  of  water,  and  anhydrous  isobutyl  aloohoL  It  is  a  very 
clear,  colourless  Uquid,  insoluble  in  water,  but  miscible  in  all  proportions  with  aloohM 
and  ether.  Its  sp.  gr.  is  1*002  at  U^,  Boiling  point  234^-226^  A  boiling  soliitioB 
of  potash  decomposes  it  rapidly,  furnishing  an  oxalate,  but  with  a  limited  quantity  of 
potash  it  gives  potassiufnAaobutyl  oxalatet  (C^H*)KC'0^  Similarly  excesa  of  ammiwia 
gives  rise  to  oxamide ;  but  an  alcoholic  solution  of  ammonia,  added  graduallj,  con- 
verts it  into  isobutylia  oxamate,  CO(NH')(OO^H*),  which  oystallises  in  fine  prisms 
(Ca.hojirB,.Compt,  rend,  IxxviiL  1403). 

Xfeobatjl  OrtlioaUleat«i  (C<H")^iO^  is  prepared  by  adding  gradually  4  mole, 
of  isobutvl  alcohol  to  1  mol.  of  silicon  tetzachloride  contained  in  a  retort,  and  sub- 
mitting the  product  to  distillation.  The  pure  ether  boils  between  266^  and  260^ 
and  its  sp.  gr.  is  0*968  at  15°.  It  is  decomposed  very  slowly  by  water  or  by  oontaot 
with  moist  air. 

Silicon  chloride  reacts  upon  isobutyl  orthosilicate,  probably  forming  chloriiydiins, 
which  have  not  yet  been  investigated  (Cahours,  loo,  cit,) 

Zeolmtyl  Snlplildev  (OH*)^,  is  a  light  liquid  smelling  like  other  alcoholic 
sulphides,  and  boilbg  at  172^-178^.  Nitric  acid  converts  it  into  isobutyl  dioxy- 
sulphide,  (C*H*)%0',  which  is  almost  insoluble  in  water,  freely  soluble  in  aleohol 
and  ether,  and  crystallises  in  needles  melting  at  41^  and  resolidii^ring  at  80^  (Grabowiky 
a.  Saytzeff,  Lidn^s  Jnnalen,  dxxi.  251). 

ZeobatjUnlplioBio  aold«  CH(CH*)*.CH*.SO*H,  is  obtained  bv  ojddising 
isobutyl  mercaptan  with  nitric  acid  of  sp.  gr.  1*80 ;  at  the  same  time  an  oily  compound 
is  formed,  which,  however,  is  not  the  chief  product  of  the  reaction,  the  quantity  of ^  it 
being  smaller  as  the  mercaptan  is  purer,  that  is  to  say,  in  proportion  as  it  contains 
a  smaller  quantity  of  isobutyl  sulphide. 

By  decomposing  the  lead  salt  of  isobutylsulphonic  acid  with  hydrogen  sulphide, 
and  evaporating  the  solution  on  a  water-bath,  isobutylsulphonic  acid  is  obtained  as  a 
syrupy  liquid,  which,  in  a  vacuum  over  sulphuric  acid,  changes  into  a  cryrtalliBe 
magma.  The  salts  of  this  acid  are  all  extremely  soluble  in  water.  Silver  iaobiM- 
9uiphonatei  C^H*SO'Ag,  forms  crystalline  scales  which  are  not  acted  upon  by  lig^t 
Barium  iaobutyhulphwMie^  (C^H%0')'Ba,  isprecipitated  from  a  concentrated  aqneou 
solution  by  alcohol  in  thin  white  needles.  The  copper  salt  fonns  soft  sea-green  aoalei. 

MetaUlc  Xnobutjlidaa  (Cahours,  Compt,  rend,  Ixxvii.  1408).  The  alumumim 
compound,  A1(C^H*)',  is  formed  by  the  action  of  aluminium  on  mercuric  isobntylide 
(tf|/ra).    It  is  a  colourless  liquid  which  fumes  in  the  air. 

Mercuric  hobutylide,  Hg(O^H")',  is  obtained  by  treating  a  mixture  of  leobntyi 
iodide  and  ethyl  acetate  with  a  2  per  cent,  sodium-amalgam.  The  action  of  water  on 
the  resulting  pasty  mass  causes  the  separation  of  a  heavy  liquid  which  yields  mereurie 
isobutylide  on  rectification.  The  product  is  a  colourless  refractive  liquid  which 
distils  between  205^  and  207^.  Its  sp.  gr.  is  1*835  at  15^.  It  is  soluble  in  water, 
alcohol,  and  ether.  Acted  upon  by  bromine  or  iodine,  it  yields  mercuric  bromo-  or 
'  iodo-butylide,  and  these  compounds  heated  with  oxide  of  silver  and  water  give  the 
corresponding  basic  hydrate,  Hg(C^*)HO,  which  crystallises  by  evaporation  over 
sulphuric  acid. 

Stannic  Itohutylides, — Isobutyl  iodide,  heated  for  a  few  hours  to  100^  with  an 
alloy  of  tin  and  sodium,  forms  stannic  tri-isobutyl  iodide,  Snj  V.  '  ,  as  a 
yellow  oily  liquid,  which  boils  between  292°  and  296*^,  and  has  a  sp.  gr.  -•1*54  at  15^ 
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Bistillad  from  mokt  potash  it  gives  iodide  of  potaasiom  and  a  distillate  oonsistiiig  of 
a  eoloorlees,  viscid  liquid  which  gradnallj  concretes  into  a  solid  bnt  not  distinctly 
cvTBtalline  mass.  This  oxide  has  a  strong  alkaline  reaction,  and  neutralises  acids, 
framing  salts  which  generally  crystallise  readily.  In  the  reaction  between  the  butyl 
iodide  and  the  sodium-sine  alloy,  a  very  small  quantity  of  a  crystalline  body  is  pro- 
duced, which  is  probably  Sn(C«H»)«I«. 

Zine  IMut^lide,  obtained  by  the  action  of  sine  on  the  mercuric  compound,  is  a 
ooloarless,  fuming,  inflammable  liquid  which  boils  at  186^-188^.  Water  aecompoees 
it  Tiolenily.  The  trichlorides  of  phosphorus  and  arsenic  react  with  it  energetically, 
pxoducing  j^oaphines  and  arsines  not  yet  examined. 

Powdered  anemo  acts  upon  isobutyl  iodide  at  175^-180^,  giving  rise  to  a  reddish 
OTstalline  compound  of  arsenic  iodide  and  tributyl-arsine. 

Sbcohdabt  Buttl  Compounds.    Beeondmrj  Butyl  Alooliolf or  atlijl^ 

BMthyl  O«r1ilB0l«  Q,g,>GHOH,  is  produced  by  the  action  of  ethyi  formate  on 

a  mixture  of  sine-ethyl  and  sine-methyl,— or  better  (as  in  the  preparation  of  diethyl- 
earbinol,  p.  78),  by  gently  heating  a  mixture  of  1  mol.  ethyl  formate,  2  mols.  ethyl 
iodide,  and  2  mols.  methyl  iodide,  with  granulated  sine  and  a  sine-sodium  alloy, 
whereby  the  sine-compounds  of  methyl  and  ethyl  are  produced  in  the  nascent  state, 
and  then  acted  on  by  the  formic  ether.  The  reaction,  which  is  energetic  at  first,  is 
known  to  be  terminated  when  the  contents  of  the  flask  solidify  to  a  brown  oiystalline 
mass.    It  takes  place  in  two  stages,  riz. : 

(1).  HCO.OC^*  +  Zn(C«H»)«  -  Q^t|oiLZnOC«H». 

(2)-  0OT»j™-2n0C«H»   +   Zn(CH«)«   -   Znjg^g.  +   ^jCH.ZnOC«H». 

The  product,  added  to  a  mixture  of  ice  and  water,  is  decomposed  in  the  manner  shown 
b^  the  equation : 

^|cH.ZnOC«H»  +  2H0H  -  Z  n(OH)«  +   C»H«  +  ^^^JoHOH. 

^  To  puriff  the  ethyl-methyl  earbinol  thus  obtained,  it  is  distilled  with  hTdrochloric 
acid ;  tne  distillate,  as  in  the  {preparation  of  diethyl  earbinol,  is  collected  in  two  por- 
tions, and  the  butyl  alcohol  is  separated  fix>m  the  aqueous  liquors  by  potassium 
carbonate,  and  couTcrted  into  the  corresponding  iodide  by  gaseous  hydfiodic  add. 

This  iodide,    nm^CHI,  boils,  after  fractionation,  between  119^  and  120®,  and  the 

methyl-ethyl  earbinol  prepared  firom  it  by  digestion  with  lead  hydrate  and  water, 
distils  at  98*'-100®.  The  alcohol  gradually  oxidised  with  chromic  add  mixture  yields 
methyl -ethyl  ketone,  CH*.CO.C*H*,  boiling  at  80^  together  with  acetic  acid 
(S[aniionikoff  a.  Saytaeff,  Liebi^$  Annalen,  olxxr.  874). 

SeeoBdarjr     Butyl     Bilier,     or     Bftaylp-metliyl     Ourbiayl     Oxtde, 

^rn^CH — 0 — GH^^,  ,  prepared  by  the  action  of  sin&-ethyl  on  ethidene  oxy- 

chloride,  0H"~CHC1— 0— GHCl— GH*,  in  ethereal  solution,  and  purified  by  frac- 
tional distillation,  boils  between  120^  and  122^,  and  ife  conyerted  by  heating  with 
fuming  hydriodic  acid  into  the  corresponding  iodide,  (CH^X^^)^^*  which  boils  at 
lir'-118<'  (Kessel,  Ikut.  Chem.  Gea.  Ber.  yii.  291). 

SeooBdarj  Butyl  Mercuytuat  QQt[OH.SH,  prepared  by  digesting  the  cor- 
responding iodide  (from  erythrite)  with  an  alcoholic  solution  of  potassium  sulphydrate, 
is  a  mobile  liquid  smelling  like  asafostida,  bcnling  at  84^-^5^,  and  haying  at  17^  the 
sp.  gr.  0*8299.  On  mixing  its  alcoholic  solution  with  mercuric  chloride,  a  white 
amorphous  precipitate  is  formed,  which  ciystftllises  from  boiling  alcohol  in  greasy 
scales  melting  at  189^  and  consisting  of  (C<M*8)'Hg.  The  nlmr  mercapHde,  G^H"SAg, 
is  a  similar  body,  forming  very  small  and  slender  needles.  The  copper  oompoimd  is 
a  yellow  predpitate,  which  is  easily  decomposed ;  the  Uad  salt  forms  a  yellow  unc- 
tuous mass. 

Secondary  Butyl  sulphide,  (C*H*)^,  is  a  mobile  liquid  boiling  at  165*',and  hav- 
ing an  alliaceous  odour ;  its  sp.  gr.  is  0*8317  at  23*'.  By  the  action  of  methyl  iodide, 
it  is  not  conyerted  into  dibutyunethylsulphine  iodide,  but  suffers  complete  decom- 
position, yielding  a  crystalline  solid,  probably  trimethylsulphine  iodide^  besides  other 
products  (S.  Beymann,  Beui,  Ckem,  Qee,  Ber,  yii.  1287). 

8.  Tmbtiabt  Buttl-compounds.    Several  ways  of  producing  those  com* 
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pounds  from  isobnt;^!   oompoandB  have  been  mentioned  in  Uia  2itd   .  .^^ . 

(pp.  219-221) :  thus  isobntjiene  (from  isobutjl  iodide)  unites  with  hjdriodi^'lTdio* 
cmorio,  or  sulphuzio  add,  producing  trimethyl-carbinyl  iodide  or  chloride^  or  tri- 
methyl-carbinyl-sulphuric  acid :  e.g, 

(CH")«C=CIP  +  HOI  =  (CH»)»0— CI, 

and  isobutyl  iodide  is  converted  by  iodine  monochloride  int3  trimethyl-cubiii^ 
chloride : 

(CH»)*OH— CiPI  +  ICl  -  P  +  ipWfO^OL 

In  like  manner,  isobutyl  chloride  may  be  converted  into  trimethyl-earbinyl  iodida^ 
or  chloride  by  the  action  of  hydriodic  or  hydrochloric  acid :  thus — 

(CH')KIH— CHKJl  +  HI  =  Ha  +   (OH«)»C— I; 

and  this  reaction  may  account  for  the  supposed  production  of  tertianrbafyl  aleoiiol 
in  alcoholic  fermentation  which  has  been  o&erved  in  some  instanees.  'Xhus  Bitl«R»v 
(Liebig's  Annalen,  czliv.  34^,  in  preparing  isobutyl  chloride  from  commercial  butyl 
alcohol,  found  that  it  was  mixed  with  tertiary  butyl  chloride ;  and  a  similar  obserfa- 
tion  has  lately  been  made  by  Freund  {J.  pr,  Chem,  [2],  xiL  26),  with  v^gaid  to  a 
Aisel-oil  obtained  from  a  potato-spirit  fsictory.  On  subjecting  this  Aisal-oil  to  frae- 
tional  distillation,  a  considerable  quantity  passed  over  between  107^  and  110^,  aad 
on  converting  this  portion  into  chloride  by  heating  with  hydrochloric  add  in  a  sealed 
tube,  much  isobutyl  chloride  was  obtained  boiling  between  66'fi^  and  66^,  tcnethff 
with  a  chloride  boiling  between  50^  and  53^ ;  and  this  latter  chloride,  when  Eaatad 
for  ten  hours  in  a  water-bath  with  4  parts  of  water  in  sealed  tubes,  gave  an  alcohol 
which,  after  desiccation,  boiled  at  80^-85^,  was  solid  at  ordinary  temperatures,  aad 
therefore  consisted  of  trimethyl-carbinol.  The  same  result  was,  however,  obtained 
when  perfectljr  pure  isobutyl  alcohol  was  heated  with  hydrochkrie  add,  and  the 
resulting  chloride  was  heated  with  water,  trimethyl-carbinol  being  obtained,  and  ia 
quantity  continually  increasing  with  the  proportion  of  hydrochloric  add  einuhitad. 
Hence  it  is  inferred  that  the  trimethyl-carbmvl  chloride  obtained  by  heating  tha  fbaelHil 
above  mentioned  with  hydrochloric  add  was  due,  not  to  tertiary  butyl  alcohol  orisioaDj 
contained  therein,  but  to  the  action  of  the  hydrochloric  add  on  tlie  isobnt^  ^oriu 
formed  in  the  first  instance. 

Action  of  Chlorine  on  TrifMthyl  Carbinol, — ^When  chlorine  is  passed  to  aatmaftioa 
through  trimethyl-carbinol,  the  reaction  being  assisted  towards  the  and  by  a  gentle 
heat^  the  liquid  separates  into  two  layers,  one  of  which  consists  of  aqueous  hydro- 
chloric acid,  the  other  of  a  mixture  of  high-boiling  chlorinated  compounds,  the  dusf 
of  which  has  the  composition  of  pentachlorobutylene,  O^H'Cl*.  This  '^^'pfwrtH 
is  a  liquid  of  camphor-like  odour,  boiling  at  185^-188^  under  a  pressure  of  460  mm., 
heavier  than  water,  and  not  appredably  affected  thereby.  It  may  be  resaxded  as 
resulting,  together  with  water,  from  the  splitting  up  of  a  chlorinated  derivative  of  the 
alcohol  not  yet  isolated  (F.  Loidl,  Deut,  Caem,  Ges,  J?0r.  viii.  1017). 

Tertiary  Butyl  CjWMiAe.  Trimethyl-carbingl  Oyanidet  or  THmeihfil-aoUomifiit 
(0H*)*0— ON  (Butlerow,  LUbi^B  AnnaUn,  clxx.  161). — ^Thii  compound  is  formed  by 
the  action  of  tertiary  butyl  iodide  at  low  temperatures  on  potasno-merenrie  cyanide. 
100  parts  of  tertiary  butyl  iodide  are  mixed  in  a  vessel  immersed  in  water  at  a 
temperature  not  exceeding  69,  with  110  parts  of  pulverised  and  dried  potaano- 
mercuric  iodide  and  75  parts  of  talc-powder  (to  thicken  the  mass).  The  reaction 
begins  spontaneously,  and  goes  on,  if  the  temperature  be  kept  low,  for  two  or  three 
days,  whereas  if  the  cooling  be  neglected  it  becomes  rapid  and  even  violent,  and 
yields  a  much  sm^er  product  On  adding  water  after  the  reaction  is  flniahed,  and 
distilling  from  a  paraffin-bath,  an  oil  passes  over,  and  potassio-mercurie  iodide 
remains  m  the  retort,  together  with  resinous  products.  The  oil,  dried  over  ealdum 
chloride  and  sulrjected  to  repeated  fractional  distillation,  is  resolved  into  a  poztkii 
boiling  at  1 05^-106°,  another  boiling  at  about  165^,  and  intermediate  fracti<»is  con- 
sisting of  mixtures  of  the  two. 

The  fraction  boiling  at  105^-106^  is  tertiary  butyl  cyanide.  It  solidifieB  on  eool- 
ing  to  a  crystalline  mass,  which  melts  at  15^-16°,  has  a  peculiar  pungent  odoir, 
bums  with  a  bright  but  very  smoky  flame,  and  when  heated  to  100^  with  strong 
hydrochloric  acid,  is  completely  converted  into  trimethyl-acetic  aei{ 
C(OH')".0OOH.    With  potash  it  yields  scarcely  any  butylamine. 

The  portion  boiling  at  165^  is  probabljr  the  formamide  of  tertiary  butvl, 
for  when  heated  with  Scoholic  potash  solution  it  yields  a  large  quantity  of  butjlamue 
(containing  tertiary  butyl)  but  no  trimethylacetic  acid ;  but  when  heated  with  hydro- 
chloric acid  it  yields  trimethylacetic  add,  sal-ammoniac,  and  hydrochloride  of  butjl- 
amine.    Heated  with  phosphoric  anhydride  it  appears  to  be  converted,  at  least  in 
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ptft»  into  tertiarT  butyl  cyanida.    It  behayes  therefore  like  the  formamides  of  the 
aromatic  series  deseribed  by  Hofmann. 


hobutylamine,  NH«— CH«CH(OH»)«,    is  formed  by  the 
action  of  iron  and  acetic  acid  on  isonitrobntane, 

CH(CHO«— CH«(NO«)  +   H«  =  2H«0  +  CH(CH*)<— CH»NH«. 

On  wanning  the  nitro-componnd  with  excess  of  finely  diyided  iron  and  dilnte  acetic 
add  on  the  water-bath,  Ull  its  peculiar  smell  is  no  longer  perceptible,  then  distilling 
with  potash,  and  reeeiying  the  yapour  in  dilute  h^rdrochloric  acid,  there  remains  on 
eyaporation  a  white  hygroscopic  hydrochloride,  easily  and  completdhr  soluble  in  hydro- 
ehlOTic  add,  and  giyinff  with  platinic  chloride  a  platinum  salt,  2(C^H"N.H01)  J*tGl*, 
which  separates  from  ue  concentrated  solution  in  golden-yellow  lamina  haying  a 
satiny  lustre  (Demole,  lAAi^s  J»nalm^  dxzy.  142) ;  compare  y.  787. 

IGH* 
QiQ»>  ^  produced  by  heating  secondary  butyl 

thio-earbimide,  NG3— CH(CH>)(0^*),  either  synthetically  pnmarvd  or  obtained  by 
reetifioation  f^om  the  yolatile  oil  of  scuryy-grass,  CoMearia  offidMalis  (see  Thiocab- 
BDODaB),  with  strong  sulphuric  add : 

nos-ch|^I  +  hk)  -  cso  +  nh«-oh|^^, 

Oarbon  oxysulphide  is  then  eyolyed,  and  an  amine  sulphate  is  obtained,  from  which 
tha  base  may  be  separated  by  distillation  with  caustic  alkali.  By  treatment  with 
•olid  potasnum  hydrate,  and  finally  by  prolonged  contact  with  recently  pressed 
aodinm-wire,  it  is  obtained  as  a  colourless  yer^  mobile  liquid  boiling  at  63^  (normal 
primary  bu^lamine  boils  at  76*6^  isobntylanune  at  62^-65^). 

Secondary  butrlamine  predpitates  the  salts  of  lead,  magnedum,  copper,  dWer, 
and  aluminium,  liie  the  nonnal  amine  (2nd  Suppl.  222) ;  but  while  the  latter  redis- 
aolyas  the  silyer-  and  oopper-predpitates,  the  secondaiy  amine  dissolyes  only  the 
hydroxides  of  silyer  and  aluminium,  but  neither  that  of  copper  nor  that  of  dnc,  which 
latter  is  soluble  in  isobutylamine  (y.  787). 

A  ftirther  distinction  between  isobutylamine  and  secondary  butylamine  is  afforded 
b^  their  behayiour  with  ethyl  oxalate,  the  former  yielding  an  immediate  predpitate 
of  isobutyloxamide,  eyen  in  the  cold,  whereas  the  latter  is  not  acted  on  by  oxalic 
•ther  eyen  at  100^. 

Beimer,  b^  heating  isobutylsmtne  with  isobutyl  iodide,  obtained  the  correspond- 
ing di-  and  tn-butylamines,  but  not  the  iodide  of  tetrabutylammonium  (2nd  Suppl, 
222) ;  and  Beymann  finds  that  secondair  butylamine  treated  in  like  manner  wuh 
•eoondary  butyl  iodide  yields  a  considerable  quantity  of  butylene,  together  with  a 
mixture  of  di-  and  tri-butylamine,  in  which  the  proportion  oi;  the  latter  seems  to  be 
▼eiy  small.  The  fiidlity  with  which  the  more  highly  substituted  amines  are  formed 
from  alcohols  containing  the  same  number  of  carbon  atoms  appears  therefore  to 
diminish  from  the  normal  primary  to  the  tertiary  alcohol.  From  normal  butyl 
alcohol  (as  from  methyl  and  ethyl  alcohols)  the  whole  series  of  butylamines  may  bo 
obtained  up  to  tetrabutylammonium ;  isobutyl  alcohol  yields  the  three  amines,  but 
not  the  quaternary  bases ;  secondary  butylamine  appears  to  yield  tributylamine  only 
with  great  difficulty ;  and  from  tertiaiy  butyl  alcohol  eyen  the  corresponding  mono- 
butylamine  has  hitherto  been  obtained  only  by  circuitous  processes. 

MU'XMLMMMf  C^H*.    Three  modifications  of  this  hydrocarbon  are  known,  yiz.  * 
Ncrmal  Butylene,  0H«— CH«— OH=CH». 
PSeudobutylene,  CH»— CH=CH— CH". 
Isobutylene,  f  CH")K5=0H*. 
The  first  msgr  be  formed  by  abstraction  of  HI  from  normal  primary  butyl 
iodide,   CH*— GH*— OH'— CH^,  or   from    secondary  butyl  iodide   (methyl-ethyl- 
carbinf  1  iodide),  CH* — GH* — GHI — GH* ;  the  second,  in  like  manner,  from  secondary 
butyl  iodide ;  and  the  third  from  isobutyl  iodide,  GH(GH')* — GHI,  or  from  tertiary 
butyl  iodide,  (GH*)*GI  (2nd  Suppl.  228). 

1.  Normal  butylene,  obtained  from  normal  but^l  iodide,  has  lately  been  ex- 
amined by  Orabowsky  a.  Saytzeff  (Zu;%*s  Annalen,  clxxix.  825).  The  iodide,  prepared 
1^  pasdng  hydriodic  add  sas  into  normal  butyl  alcohol  (obtained  by  reduction  of 
butyryl  chloride)  (2nd  Suppl.  216),  was  decomposed  by  alcoholic  potash;  the  butylene 
thereby  produced  was  passed  directly  into  Dxomine;  and  the  resulting  butylene 
bromide,  after  being  washed  and  dried,  was  distilled,  the  greater  part  passing  oyer 
between  160^  and  170*^;  and  from  this,  by  further  firsctionation,  pure  butylene  bromide 
was  obtained  boiling  constantly  at  164^-166®.  This  bromide  has  a  characteristic 
odour,  and  is  partly  decomposed  by  distillation,  giying  off  yapours  of  hydrobromic 
*  ^     Its  sp.  gr.  at  0^  is  1*8603,  and  its  coeffident  of  expansion  for  one  degree  between 
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0°  and  20°  is  0* 00082.  These  propertieB  shonir  that  it  if  identieal  with  the  broaldi 
of  ethyl- vinyl  prepared  by  WurU  {Ut  iSi^J.  377),  and  therefore  that  the  lmt|tei 
prepared  from  normal  but^l  idcohol  has  the  constitation  zepresentad  by  the  flnt  of 
the  three  formnlsB  above  g:iven. 

2.  Pseudobutylene  b  formed  by  the  action  of  alooholie  potaeh,  nhcr  tKok 
and  -water,  or  silyor  acetate,  on  secondary  butyl  iodide ;  by  heating  Bacondaiy  batjl 
alcohol  to  260° ;  and  by  the  decomposition  of  amyl  alcohol  at  a  red  heat  (r.  717); 
also,  together  with  isobntylene,  by  distilling  isobntyl  alcohol  with  sine  chloride 
(Nevoid  BulL  Soc.  Chim.)  It  boils"  at  +  8°;  solidifies  to  a  ciTStaUine  maas  at  nq 
low  temperatures ;  unites  with  hydriodic  acid  to  form  seoondarj  bntyl  iodida  Iti 
hromide,  gH"— CHBr— CHBr— CH",  boils  at  160°. 

Methyl-ally  1,  obtained  by  the  action  of  sodium  on  a  mixture  of  the  iodidncf 
allyl  and  meUiyl  {1st  Shqfpl,  876)  is  most  probably  identical  with  paeudobntykH. 
It  yields  a  bromide  boiline  at  156°-169°,  unites  with  hydriodic  aoid  to  farm  seeoMW 
butyl  iodide,  and  in  fact  differs  from  pseudobutylene  <ml;|r  in  its  boiling  |>ointk  "wm 
is  said  to  be  between  —  4°  and  —  8° ;  but  the  determination  of  boiling  point*  at  ihw 
low  temperatures  is  somewhat  uncertain. 

3.  Isobutyleno  boils  at  —6° ;  unites  with  hydriodic  acid  to  form  tertiairtabd 
iodide,  aud  with  strong  hydrochloric  acid  at  100°,  to  form  tertiaiy  butyl  chloiridti  B 
is  absorbed  by  strong  sulphuric  acid,  forming  a  sulpho-acid  which,  when  dilutid  wick 
water  and  distilled,  yields  tertiary  butrl  alcohol  (1st  Suppl.  376 ;  2md  StmL  219^ 
It  is  also  converted  into  tertiary  butyl  alcohol  by  direct  combination  witn  «at«; 
when  kept  for  some  time  in  sealed  tubes,  together  with  water  mixed  with  -jlfdilM 
volume  of  nitric  add  and  an  equal  volume  of  alcohol  (Fittig*s  GrundH§9d.  ory,  Ckmm 
lOte  Auflage,  146).  According  to  Bntlerow  (Deut.  Chem.  Ots.  Ber.  viti.  1017X  1>^ 
isobutylene  is  converted  by  dilute  sulphuric  acid  at  ordinary  temperatnxes  into  tntM^ 
butyl  alcohol,  but  at  high  temperatures  in  sealed  tubes  into  di-iaobutylene. 

IwbutyUne  bromide  boils  at  147^-148°  (Nevole,  CompL  rend,  IxTiiii.  66).  bh 
huiylene  cklorhydrin,  (CH*)*— CCl— CH*— OH,  &om  isobutylene  and  hypodilonMi 
acid,  is  a  liquid  boiling  at  128°-130°,  and  converted  by  oxidation  into  efaloriaobalijiie 
acid  (L.  Henry,  BulL  Soc.  Chim.  [2],  zzvi.  23). 

aUTT&BVa  A&COBOU  or  aUTTA  0]iTOOUi«  C<Hi"O>»C«H^0H)'. 

Of  these  compounds,  four  isomeric  modifications  are  known,  viz. : — 

(1).  CH>— CH(OH)— CH«— CH'OH.  Formed  I7  the  action  of  aodinm-amalgaBm 
acetaldehyde,  or  better  on  aldol  (p.  64),  produced  therefrom.  It  ia a eolumli 
viscid  liquid  easily  soluble  in  water;  boils  at  203'6°-204°  ;  converted  by  ozidatigi 
first  into  crotonic  aldehyde,  then  into  acetic  and  oxalic  acids  (2nd  Suppi,  226). 

(2).  CH>— CH^— CHOH— CHK)H.  From  normal  butylene  bromide  hr 
saponification  with  caustic  potash  or  baryta.  The  potash,  previoualT  ftised  am 
pulverised,  is  added  to  the  bromide  by  small  portions,  the  mixture  being  carMlf 
Htirred,  and  the  glycol  is  then  distilled  off.  In  saponifying  with  baryta,  the  bntjtoi 
bromide  is  diluted  with  water;  the  baryta  is  added  in  quantity  sufficient  toprodncia 
strong  alkalino  reaction  ;  and  the  liquid  is  heated  on  the  water-bath  for  24  hoia%  wad, 
if  necessaiy,  mixed  with  fresh  portions  of  baryta,  and  again  heated. 

The  butyl  glycol  thus  obtained  is  a  viscid  liquid,  easily  soluble  in  water  ibI 
alcohol,  boiling  at  1 01  °-192°,  and  having  a  density  of  1*0180  at  0°.  Bj  rapid  oaSa- 
tion  with  nitric  acid  of  ordinary  strength,  it  is  almost  wholly  converted  into  onlic 
Hcid ;  but,  by  regulated  oxidation,  1  pt.  of  the  glycol  being  mixed  in  a  test-tibi 
immersed  in  water  with  2  pts.  nitric  acid  of  sp.  gr.  1*81,  and  4  pts.  water,  it  is  eoi- 
vertcd  into  glycoUic  and  glyozylic  adds  (Grabowsky  a.  Saytaeff,  LMi^s  Anmakm, 
elxxix.  326). 

(3).  CH*— CHOH— CHOH-OH*.  Obtained  bv  Wurta  from  pseudobutyleas 
bromide  (v.  739).  Colourless,  inodorous,  viscid  liquid,  boiling  at  188^-184®,  asd 
having  a  density  of  1  '048  at  0°.  Mixes  in  all  proportions  with  water  and  with  alcohol ; 
oxidifi(d  by  nitric  iicid  to  oxalic  acid. 

(4).  ]^I^COH— CH=OH.     From  isobutylene  bromide  (b.  p.   147^-148°)  fcy 

heiiting  for  sevf^ral  days  with  pot actsium  carl lonato.  It  boils  at  176^-178^;  has  a 
density  of  1*0129  at  0°,  and  1*003  at  20°;  dissolves  easily  in  water  and  in  akohoL 
It  is  oxidised  by  potassium  permanganate  to  carbonic  and  acetic  adda ;  by  chxonie 
aoid.  appnr«>ntly  tu  acetic  acid.  Heated  with  nitric  acid  of  sp.  gr.  1*83,  it  foxas  aa 
etheroal  layer,  from  which,  by  distillation,  a  liquid  may  be  obtained  TPaifmng  onr 
bf^wecn  136°  and  138°,  and  having  the  composition  (^WH)\  This  b'qnid  is  attaclwi 
by  hydrobromic  acid  and  by  phosphorus  pentachloridc,  not  by  sodium  or  by  baiyli 
(NevoU,  Compt.  rend.  Ixxxiii.  66,  146). 

BUrrXi  PB08PBZWBS.    .S(u  PuusMiiNKs  ('2nd  Suppl.  p.  066). 
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OHK)'.  Normal  butyric  acid  and  ethjl  bntyrate 
wars  obflerred  by  Schutienbttger  {Compt,  rmd,  Izxz.  828)  to  be  fiomad  by  tbe  fer- 
nantation  of  a  tngar-jniee  in  which  twigt  of  Elodea  canadmna  were  unmened. 
CSarbon  dioxide  and  hydipgen  were  evolved  at  the  same  time,  and  alcohol  was  fonnd 
in  the  fermented  juice. 

Bntyric  acid,  heated  with  nitric  acid  of  sp.  gr.  1*4  in  a  retort  with  reversed  condenser, 
or  in  sealed  tnbes«  is  converted  into  succinic  acid,  as  formerly  observed  by  Dee- 
•aignes  (i.  692) : 

CH».CH«.CH».CO»H  +  0«  =  HH>  +   CO«H.CH>.CH«.CO>H. 

As,  however,  succinic  acid  readily  undergoes  further  oxidation  under  the  influence 
of  nitric  acid,  it  is  best  to  heat  the  butyric  add  with  a  quantity  of  nitric  acid  less 
than  sufficient  for  its  complete  conversion  into  succinic  acid,  then  separate  the  un- 
altered but^c  acid,  treat  it  with  a  f^h  portion  of  nitric  add,  and  so  on  till  the 
whole  is  oxidised.  B^  thus  treating  bu^c  acid  five  times  in  succession  with  small 
onantities  of  nitric  aad,  the  yield  of  succinic  add  is  five  times  as  great  as  that  obtained 
pj  at  once  heating  the  same  quantity  of  butyric  add  with  a  large  quantity  of  nitric 
aeid  (Erlenmeyer,  Sigel  a.  Belli,  lAtbi^z  Aunalen,  clzxz.  207). 

Isobtttyric  Acid.  Formation  from  Normal  Bntyrio  Add, — ^A  solution  of 
ealdum  butyrate  saturated  in  the  oold,  which  had  been  kept  for  ten  years  in  a  sealed 
tube,  and  heated  some  thirty  or  forty  times — ^for  the  purpose  of  demonstrating  the 
separation  of  the  salt  from  its  solution  under  the  influence  of  heat— was  ultimatdy 
fraud  not  to  exhibit  this  separation  any  longer  m  oonseque  nee  of  the  oonverdon  of 
about  one-tenth  of  the  normal  butyrate  into  isobutyrate.  The  same  result  was  not 
produced  by  boiling  a  solution  of  normal  calcium  butyrate  for  eight  hours  (Erlenmeyer, 
JAA^B  Jnnalen,  dzxxi.  126). 

From  Pyroterelficacid. — a.  Together  with  acetic  add,  by  the  action  of  melting  potash : 
OH(CH«)«— CH=CH— CO^  +  2H«0  -  0H(CH»)«.CO*H  +  Cfl"-CO«fl    +  H«. 

^.  Together  with  oxalic  add,  by  oxidation  with  nitric  add : 

C•B}^0»  +   0«  -  C*H«0«  +   C»H«0« 

(W.  C.  Williams,  JOeui.  Ckem.  Qes,  Ber.  vi.  1094). 

Mtomobmtjric  Adda.    Two  isomeric  bromobutyrio  adds,  viz. 

CH«.OB«CHBr.CO«H  CB«.0HBr.0H».CO«H 

ooovertible  into  the  corresponding  oxybu^rric  adds,  are  formed  by  the  action  of 
bromine  at  the  heat  of  the  water-l^th,  on  normal  butyric  add  (Popoff,  Ihut.  Ckem, 
Ges,Ber.\i.  1094). 

Bromiaohutyrio  aeid,  (CB^*CBr.CO*H  (Hell  a.  Waldauer,  ibid.  x.  448; 
oompare  Ut  8uppL  379).  This  add,  obtained  by  heating  molecular  propor^ons  of 
bromine  and  isobutyric  add  to  140°  in  sealed  tubes,  is  a  white,  nearly  inodorous, 
exystalline  mass,  melting  at  48°.  By  slow  evaporation  of  its  ethereal  solution,  it  may 
be  obtained  in  large  tabular  crystals.  It  boils  with  slight  decompodtion  at  198^-200°. 
Sp.  sr.  at  60°  «  1*6226;  at  lOO""  «  1*600,  water  at  the  same  temperatures  being  1. 
It  oissolves  in  alcohol,  ether,  carbon  bisulphide,  chloroform,  beniene^  &c.  When 
boiled  with  water,  it  is  slowly  but  completely  resolved  into  hydrobromic  addand  oxy- 
iaobutyric  add.  It  is  completely  decomposed  by  aqueous  silver  nitrate,  slowly  in  the 
eold,  more  rapidly  when  heated. 

The  ethylic  ether  of  monobromisobutjric  add,  obtained  by  pasnng  hydrogen 
chloride  into  an  alcoholic  solution  of  the  add,  boils  at  160°  (corr.^ 

Monobromisobu^rric  add  in  alcoholic  solution  is  decomposed  by  alcoholic  potash, 
yielding  potasdum  bromide  and  the  potasdum  salt  of  the  ibllowing  add. 

Ethoxyisobutyrie  aeid,  (CH>)KKOCH*).C00H,  obtained  by  decomposing  mono 
bromisobutyric  add  in  alcoholic  solution  with  alcoholic  potash,  converting  the  resulting 
potasdum  salt  into  a  barium  salt,  and  decomposing  the  latter  with  sulphuric  acid,  is  a 
eolourless  liquid  of  penetrating  ethereal  odour  and  pungent  burning  taste,  soluble  in 
alcohol  fuid  ether,  sparingly  in  water.  It  boils  at  180°  under  a  pressure  of  741  mm. 
Sp.  gr.  =  10211  at  0°;  lOlOl  at  16°,  water  at  the  same  temperatures  being  1.  It 
fonns  easilv  soluble  and  crystallisable  salts. 

The  silver  ealt,  G*H"0'A^,  crystallises  from  hot  water  in  thin  white  laminae 
which  in  the  mdst  state  quckly  turn  brown  in  the  light.  The  lead  eaU, 
(C^"0*)>Pb  +  H^,  crystallises  from  water,  m  fine  white  translucent  prisms.  The 
barium  aalt,  (C*H^'0')^-f  H'O,  forms  thick  transparent  prisms.  The  eina  ealt, 
(C^W*0*yZn,  when  freshly  prepared,  crystallises  from  hot  water  in  fine  pearly  lamina, 
which  gradually  lose  water  when  dried  by  heat,  or  over  sulphuric  add,  and  yield  an 
insoluble  basic  salt. 
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0^  and  20^  is  0*00082.  These  prgpertieB  show  that  it  if  identieal  with  the  bromide 
of  othyl-vinyl  prepared  bj  TVurU  (Ut  /Sh^J.  877),  and  therefore  that  thobntjIflM 
prepared  from  normal  but^l  alcohol  has  the  constitation  represented  by  the  Int  of 
tho  three  fbrmnls  above  giTen. 

2.  Pseudobutjlene  is  formed  bjthe  action  of  alcoholic  potash,  silm  oside 
and  water,  or  silyer  acetate,  on  seoondarj  bntjl  iodide ;  by  heating  seeondaiy  bnlTl 
alcohol  to  250^ ;  and  by  the  decomposition  of  amyl  alcohol  at  a  nd  heat  (r.  787); 
also,  together  with  isobntylene,  by  distilling  isobntyl  alcohol  with  sine  diloriae 
(Nevoid  BuU.  Soc,  Ckim,)  It  boils  at  +  8^;  solidifies  to  a  cmtalline  mass^  at  tmj 
low  temperatures ;  unites  with  hydriodic  acid  to  form  secondary  butyl  iodide^  la 
Jfwiwefo.  gH»—CHBr—CHBr—CH",  boils  at  169^ 

Methyl-allyl,  obtained  by  the  action  of  sodiom  on  a  mixtnre  of  the  iodidei  of 
allyl  and  methyl  (Ut  Shqfpl,  876)  is  most  probably  identical  with  paendobnl^^sBe. 
It  yields  a  bromide  boiUne  at  166°-169^  unites  with  hydriodic  acid  to  faaem  kwimut 
butyl  iodide,  and  in  fact  mffers  from  pseudobutylene  <ml;|r  in  its  bailing  |K>int»  wUes 
is  said  to  be  between  —  4?  and  —  8^ ;  but  the  determination  of  boiling  points  at  tbsis 
low  temperatures  is  somewhat  uncertain. 

3.  Isobntylene  boils  at  —6^ ;  unites  with  hydriodic  acid  to  form  terttairlyiM 
iodide,  and  with  strong  hydrochloric  acid  at  100^,  to  form  tertiazy  butyl  cbloride.  It 
is  absorbed  by  strong  sulphuric  acid,  forming  a  sulpho-acid  which,  when  diluted  with 
water  and  distilled,  yielos  tertaary  butrl  alcohol  (lit  Suppl.  876 ;  2nd  8tmL  219). 
It  is  also  converted  into  tertiary  butyl  alcohol  by  direct  combination  wita  wat«^ 
when  kept  for  some  time  in  sealed  tubes,  together  with  water  mixed  with  i^  of  its 
volume  of  nitric  add  and  an  equal  volume  of  alcohoHFittig^s  QrtmdHatd.  org.  Cktmk 
lOte  Auflage,  146).  According  to  Butlerow  (fietU,  Chem.  Oes,  Ber,  viiL  101 7)l  fiqud 
isobntylene  is  converted  by  dilute  sulphuric  acid  at  ordinary  temperatures  into  teitisiy 
butyl  alcohol,  but  at  high  temperatures  in  sealed  tubes  into  di-isobut^ene. 

laobutylene  bromide  boils  at  147^-148°  (Nevoid  Compt.  rmtd,  l»x»iii.  66).  !••- 
butvlene  chhrhydrin,  (CH*)^— CCl— CH*— OH,  from  isobutylene  and  hypoddoraos 
acid,  is  a  liquid  boiling  at  128^-180°,  and  converted  by  oadation  into  ehloEisobaiTrie 
acid  (L.  Henry,  BuU,  Soc,  Ckim,  [2],  zzvi.  28). 

auTTunra  a&oobo&s  or  avrr^  o&Tooui«  GfH>H)*»OfH!^OH]F. 

Of  these  compounds,  four  isomeric  modifications  are  known,  viz. : — 

( 1 ).  CH*— GH(OH)  — CH^— GH'OH.  Formed  by  the  action  of  sodium-amalgUB  oo 
acetaldehyde,  or  better  on  aldol  (p.  64),  produced  therefrom.  It  isaeoluiiiUsB 
viscid  liquid  easily  soluble  in  water;  boils  at  203*6^-204^ ;  converted  by  ozidatioB 
first  into  crotonic  aldehyde,  then  into  acetic  and  oxalic  acids  {2nd  SuppL  226). 

(2).  CH»— CH»— CHOH— CH*OH.  From  normal  butylene  bromide  by 
saponification  with  caustic  potash  or  baryta.  The  potash,  previouslj  fiiaed  sad 
pulverised,  is  added  to  the  bromide  by  small  portions,  the  mixture  being  carsAdly 
stirred,  and  the  glycol  is  then  distilled  off.  In  saponifying  with  baryta,  the  bo^rlins 
bromide  is  diluted  with  water;  the  baryta  is  added  in  quantity  sufficient  toproduesa 
strong  alkaline  reaction ;  and  the  liquid  is  heated  on  the  water-bath  for  24  hoimi  and, 
if  necessary,  mixed  with  fresh  portions  of  baryta,  and  again  heated. 

The  butyl  glycol  thus  obtained  is  a  viscid  liquid,  easily  soluble  in  water  ssd 
alcohol,  boiling  at  lOP-192^  and  havinff  a  densitv  of  1*0189  at  0**.  By  rapid  osidi- 
tion  with  nitric  acid  of  ordinal^  strengw,  it  is  almost  wholly  converted  into  oxilie 
acid ;  but,  by  regulated  oxidation,  1  pt.  of  the  glycol  being  mixed  in  a  test-tobs 
immersed  in  water  with  2  pts.  nitric  acid  of  sp.gr.  1*31,  and  4  pts.  water,  it  is  eoo- 
verted  into  glycollic  and  glyoxylic  acids  (Grabowskj  a.  SaytMdB^  IMi^s  AmuUm, 
dxxix.  326). 

(3).  CH»--CHOH— CHOH— OH".  Obtamed  by  Wurts  from  pseudobutylene 
bromide  (v.  739).  Colourless,  inodorous,  viscid  liquid,  boiling  at  188^-184^,  and 
haying  a  densit3r  of  I  *048  at  0^.  Mixes  in  all  proportions  with  water  and  with  alo^iol ; 
oxidised  by  nitric  acid  to  oxalic  acid. 

(4).  gl^COH— CHK)H.     From  isobutylene  bromide  (b.  p.   14r*-148*»)  ly 

heating  for  several  days  with  potassiam  carbonate.  It  boils  at  176^-178^;  has  a 
density  of  1*0129  at  0^  and  1*003  at  20^;  dissolves  easily  in  water  and  in  akohuL 
It  is  oxidised  by  potassium  permanganate  to  carbonic  and  acetic  acids ;  by  ehromie 
acid,  apparently  to  acetic  acid.  Heated  witJi  nitric  acid  of  sp.  gr.  1*88,  it  forms  sn 
ethereal  layer,  from  which,  by  distillation,  a  liquid  may  be  obtained  passing  ow 
between  136^  and  138°,  and  having  the  composition  G^H^K)*.  This  liquid  is  attscksd 
by  hydrobromic  acid  and  by  phosphorus  pentachloride,  not  by  sodium  or  by  bazyta 
(Nevoid,  Compt.  rend,  Ixxxiii.  66,  146). 

See  PHosFHiinis  (2nd  Suppl,  p.  966). 
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OHK)*.  NoTxnal  butyric  acid  and  ethjl  batjrate 
wars  obflerred  by  Schutienbttger  {Compt.  iwui.  Izzz.  828)  to  be  fcrmad  by  tbe  fer- 
BMitatioii  of  a  tngar-joice  in  which  twigt  of  Elodea  canademsia  were  immersed. 
Garbon  dioxide  and  hydrqgen  were  evolved  at  the  same  time,  and  alcohol  was  fonnd 
in  the  fermented  juice. 

Bntyric  acid,  heated  with  nitric  acid  of  sp.  gr.  1*4  in  a  retort  with  reversed  condenser, 
or  in  sealed  tubes,  is  converted  into  succinic  acid,  as  formerly  observed  by  Des- 
nignea  (i.  692) : 

CH».CH*CH«.CO*H  +  0«  -  RH>  +   CO»H.CH«.OH«.CO«H. 

Aa,  however,  succinic  acid  readily  undergoes  further  oxidation  under  the  influence 
of  nitric  acid,  it  is  best  to  heat  the  butyric  add  with  a  quantity  of  nitric  acid  less 
thim  sufficient  for  its  complete  conversion  into  succinic  acid,  then  separate  the  un- 
altered but^c  acid,  treat  it  with  a  f^h  portion  of  nitric  acid,  and  so  on  till  the 
whole  is  oxidised.  B^  thus  treating  butync  acid  five  times  in  siiceession  with  small 
q;iiantities  of  nitric  acid,  the  yield  of  succinic  acid  ia  five  times  as  great  as  that  obtained 
by  at  once  heating  the  same  quantity  of  butyric  acid  with  a  large  quantity  of  nitric 
•eid  (Erlenmeyer,  Sigel  a.  Belli,  Liebi^s  Aunalem,  clzzz.  207). 

Isobutyric  Acid.  Formation  from  Normal  Butyric  Acid. — ^A  solution  of 
calcium  butyrate  saturated  in  the  cold,  which  had  been  kept  for  ten  years  in  a  sealed 
tube,  and  heated  some  thir^  or  forty  times — ^for  the  purpose  of  demonstrating  the 
separation  of  the  salt  from  its  solution  under  the  influence  of  heat — was  ultimately 
Ibinnd  not  to  exhibit  this  separation  any  longer  m  oonseque  nee  of  the  conversion  of 
about  one-tenth  of  the  normal  butyrate  into  isobutyrate.  The  same  result  waa  not 
produced  by  boiling  a  solution  of  normal  calcium  butyrate  for  eight  hours  (Erlenmeyer, 
£Mb^9  Jnnalen,  dxxxi.  126). 

Aom  Pyroterdfic  acid, — a.  Together  with  acetic  acid,  by  the  action  of  melting  potash : 

OH(CH«)«— CH=CH— CO«H  +  2HH)  -  OH(CH»)«.CO«H  +  Cfl«-CO«H    +  H«. 
^.  Together  with  oxalic  add,  by  oxidation  with  nitric  add : 

C*WO»  +   0«  -  C*H«0«  +   0«BH>« 

(W.  C.  Williams,  Jkut.  Chem.  Ges.  Ber.  ri.  1094). 

MrciMMkQhutjric  Adds.    Two  isomeric  bromobutyrio  adds,  viz. 
CH«.OH«OHBr.CO«H  CB«.OHBr.0H».CO«H 

convertible  into  the  corresponding  oxybu^mo  adds,  are  formed  by  the  action  of 
bromine  at  the  heat  of  the  water-bath,  on  normal  butyric  add  (Popoff,  Jkut,  Chem, 
Ges,  Bcr,  Yi.  1094).. 

Bromiaobutyric  acid,  (CH*)*CBr.CO*H  (Bell  a.  Waldauer,  ibid.  x.  448; 
compare  1st  8uppL  379).  This  add,  obtained  by  heating  molecular  propor^ons  of 
bromine  and  isobutyric  add  to  140®  in  sealed  tubes,  ia  a  white,  nearly  inodorous, 
crystalline  mass,  melting  at  48®.  By  slow  evaporation  of  its  ethereal  solution,  it  may 
be  obtained  in  large  tabular  crystals.  It  boils  with  slight  decompodtion  at  198''-200°. 
Sp.  gr.  at  60®  «  1'6226;  at  lOO''  «  1*600,  water  at  the  same  ten^»eratures  being  1. 
It  dissolves  in  alcohol,  ether,  carbon  bisulphide,  chloroform,  beniene^  &c.  When 
boUed  with  water,  it  is  slowly  butoompletdy  resdved  into  hydrobromic  addand  oxy- 
isobutyric  add.  It  is  completdy  decomposed  by  aqueous  silver  nitrate,  dowly  in  tije 
cold,  more  rapidly  when  heated. 

The  etkytic  ether  of  monobromisobutyric  add,  obtained  by  pasnng  hydrogen 
chloride  into  an  alcoholic  solution  of  the  add,  boils  at  160®  (corr.^ 

Monobromisobu^rric  add  in  alcoholic  solution  is  decomposed  by  alcoholic  potash, 
yielding  potasdum  bromide  and  the  potasdum  salt  of  the  Ibllowinff  add. 

Ethoxyisobuif/rie  acid,  (Cfl«)KKO(>B*).COOH,  obtained  by  decomposing  mono 
bromisobutyric  add  in  alconolic  solution  with  alcoholic  potash,  converting  the  resulting 
potassium  salt  into  a  barium  salt,  and  decompodngthe  latter  with  sulphuric  acid,  is  a 
colourless  liquid  of  penetrating  ethereal  odour  and  pungent  burning  taste,  soluble  in 
alcohol  and  ether,  sparingly  in  water.  It  boils  at  180®  under  a  pressure  of  741  mm. 
Sp.  gr.  =  10211  at  0®;  10101  at  16®,  water  at  the  same  temperatures  being  1.  It 
forms  easilv  soluble  and  crystallisable  salts. 

The  silver  salt,  C^"0'Ag,  crystallises  from  hot  water  in  thin  white  laminae 
which  in  the  mdst  state  quickly  turn  brown  in  the  light.  The  lead  salt, 
(C*H"0')^b  +  HH),  crystallises  from  water,  in  fine  white  tranducent  prisms.  The 
barium  salt,  (C*B''0*)^-f  H'O,  forms  thick  transparent  prisms.  The  etna  salt, 
(O'H'^O^'Zn,  when  freshly  prepared,  crystallises  from  hot  water  in  fine  pearly  lamina, 
which  gradually  lose  water  when  dried  by  heat,  or  over  sulphuric  add,  and  yield  an 
insoluble  basic  salt. 
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The  copper  salt  forms  fine  green  laminae ;  the  sodium  saU  &  grumlar  ogfitdliBi 
mass;  botn  are  easily  soluble  in  water  and  alcohol. 


Tricblorolmtyrte  Aeld,  0«H*a*0*  (K.  Ganarolli-Thnmlak,  Lkbifs 
dxxxii.  181).  This  add  is  obtained  b^  passing  chlorine  into  the  hjdxate  of  bafyiie 
chloral  (see  Cslobals)  mixed  with  twice  its  weight  of  warm  water,  or  hy  hiaaif 
the  same  hydrate  with  potassium  chlorate  and  hydrochloric  acid : 

OH»01«0JB«0  +  a«  -  2H01  +  0*H»01»0». 

It  is  identical  with  the  add  (described  as  trichlorocrotonio  add;  2fMl  SmpL  191) 
which  Judson  obtained  by  the  action  of  nitric  acid  on  hydrate  of  bnlyrie  chlonl  (tlie 
so-called  crotonio  chloral,  p.  60).  When  purified  by  washing  with  water,  it  foam  is 
oil  which  does  not  solidify,  eyen  after  standing  over  sulphuric  add  for  sefwml  difi. 
It  solidifies  in  a  freesing  mixture,  but  is  liquefied  again  by  yerr  small  onantitisi  d 
water.  It  does  not  distU  without  alteration.  The  lead  salt,  (C*A*Cl^C^yrb,  obtdaad 
by  neutralising  the  ethereal  solution  of  the  acid  with  lead  carbonate  eiyataUiiii,  lij 
spontaneous  eyaporation  of  the  ethereal  solution,  in  geodes  having  a  ailky  lustre;  tnm 
water  in  small  stiining  needles.  It  dissolves  also  in  alcohoL  Ae  ojstels  (oontniy 
to  Judson's  statement)  are  anhydrous.  The  calcium  salt,  ^0*H*01'0')K3a,  dbto^nd  ia 
like  manner,  crystallises  by  very  slow  evaporation  of  the  dilute  ethereal  adhrtki,  in 
geodes,  otherwise  as  a  soft  white  mass ;  it  dissolves  easily  in  water,  aleohol,  aid 
ether.  The  ammonium  salt,  G«H«(NH«)C1*0*,  prepared  tnm  the  lead  salt  with 
ammonium  carbonate,  separates  from  water  in  tufts  of  crystals ;  it  is  leas  sohiUe  ia 
ether  than  in  water  or  alcohol. 

When  trichlorobutyric  acid  is  heated  with  caustic  potash  to  100^  for  aevttallioui, 
a  small  quantity  of  a  substance  having  the  properties  of  dichlorocrotonic  acid  ia  fwsil, 
apparentiy  by  removal  of  the  elements  of  nydrochlorie  acid. 

Oyanobutyrte  Bfber.  An  ethylic  cyanobutyrate  is  obtained,  tpgetbsr  with 
the  compound  "HgKKjj^Bi^,  by  heating  an  aJcoholic  solution  of  pure  ethjlie  hroiKh 
butyrate  (b.  p.  177*9^- 178'8°  corr.)  with  potassio-mercnrio  cyanide  to  180^.  ft  is  a 
colourless  liquid,  having  an  aromatic  and  spicy  odour,  and  boiling  at  208*4^-S09*4® 
(corr.),  under  a  pressure  of  762  mm.  Its  sp.  gr.  is  1*009  at  0%  lees  than  1  at  ordimy 
temperatures.  Ethylic  bromisobutyrate  (d.  p.  163*6^  corr.),  treated  in  like  maBBsr, 
does  not  appear  to  yield  a  cyanisobutyric  ether  (Markownikofi^  lAAids  Jamtim^ 
dxxxiL  324). 

Ozj1>iityrloAolda,C«H'rOH)0'.— a.  Oxyhutvric  a0ft<l,GH*.CH'.GHOH.O(m, 
Is  formed  by  the  action  of  hyorocyanic  and  hydrochloric  acids  on  propionio  aldal^jds 
(Prschibitesk,  Deut  Chem,  Qes,  Ber,  ix.  1312). 

Oxidation, — According  to  Markownikoff  (Liebi^s  Annalen,  clxxvL  'i09\  c-oiy- 
butyric  acid  is  converted  by  oxidation  into  propionic  and  acetic  adds.  l!bja  la  contouy 
to  the  general  law  respecting  the  oxidation  of  oxy-acids  of  the  fatty  seriea  daduesd  hy 
Ley  a.  FopotF  {ibid,  dxxiv.  61)  from  their  experimente  on  the  oxidation  of  oiyiso- 
valenc  acid,  according  to  which  all  the  oxyadds  of  the  formula  B.CHOH.OO^yi(dd, 
by  oxidation,  carbonic  anhydride  and  a  fatty  add,  C^**0',  conteinins  one  csme- 
atom  less  than  the  oxy-acid.  According^  to  Uiis  law,  a-oxybutyric  bm  ahould  yitU 
by  oxidation,  only  {jropionic  add.  The  simultaneous  formation  of  acetic  acid  oliwt'Hil 
by  Markownikoff  is  attributed  by  Fopoff  to  the  presence  of  jS-oxybu^rxie  add, 
GH".CHOH.GH*.CO'H,  a  supposition  rendered  probaUe  by  the  fact  above  mentionsd, 
that  the  action  of  bromine  on  butyric  acid  gives  rise  to  the  simultaneous  formatioii  of 
o-  and  /3-bromobutyric  add. 

Methyl-  and  Ethyl-/8-oxybutyric  acids  (Bohrbeck,  Lisbi^s  Janalem, 
Ixxxviii.  229  ;  Waldschmidt,  ibid,  240). 

a-Methyl-fi-Oxybutyric  acid,  0H*.(IH0H.GH(GH^.GO*H,  is  fonned  (as 
sodium  salt)  by  the  action  of  water  and  sodium-amalgam  on  the  ethylic  ether  of 
methyl-aceto-acetic  acid : 

CH«.CO.CH(CH«).CO«C»H»  +  Na»  +  2H«0  «  (?H»OH  +  NaOH 

+  CH«.CHOH.CH(CH»).CO^a, 

the  reaction  being  exactly  similar  to  that  by  which  /8-oxybutyric  add  ia  obtained 
from  ethylic  aceto-acetete  (Is^  8uppl,  892). 

The  sodium  salt  thus  obtainMl  is,  after  purification,  a  white  crystalline  powder 
which  melts  above  240^  to  a  dear  liquid,  turns  brown  and  swells  up  when  BtnM^y 
heated,  and  may  then  be  burned,  witn  moderate  fadlity,  to  sodium  carbonate.  loe 
nilver  salt,  C^H'O'A^,  obtained  by  precipiteting  the  sodium  salt  with  silver  nitssts^ 
forms  colourless  laminse,  nearly  insoluble  in  cold,  and  only  slightly  soluUe  in  boiUBf 
water. 
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The  frw  oM,  0*H>*0*,  obtained  by  deeomposiDg  the  sodium  salt  with  sulphuric 
idd,  and  ezhanstinff  with  ether,  remains,  on  STaporation  of  the  ether,  in^  the  fram  of 
&  jeUow  symp  which  oannot  be  made  to  crystaQlise,  either  by  keeping  it  for  months 
>?er  snlphnrie  acid,  or  by  cooling  it  to  —  20  ,  or  bj  the  use  of  any  solyent  whatever. 
WhML  kft  over  snlphnric  add,  however,  it  becomes  continnally  more  viscid,  and 
ifipaaza  to  be  converted  into  an  anhydride.  By  neutralisation  with  the  carbonates  of 
aafoiiim,  sine,  lead,  fte.,  it  yields  salts  which  are  dmost  nnetystallisable ;  those  of  the 
tieayT  metals  are,  moreover,  easily  deoomposible,  with  formation  of  basic  salts. 

a.Methyl-3-Oiybntyric  acid  is  resolred  by  distillation  into  water  and  methyl 
srotonic  acid,  0*H*0',  the  latter  passing  over  as  an  oil  whidi  ezystallises  in  the 
neck  of  the  retort  The  oystals  melt  at  62^-62*6^,  and  exhibit  all  the  other  proper- 
ties of  the  methyl-erotonic  add  described  by  Frankland  a.  Bappa  (Bohrbeck). 

mrEtkyUfi-Osyhutyrie  acid,  OH*.GHOH.CH(0'H*).GO>H,  obtained  in  like 
manner  from  the  ethylic  ether  of  ethyl-aceto-acetic  acid,  is  a  yellowish  liqaid«  having 
\  strong  and  disagreeably  sonr  taste,  misdble  with  water.  When  kept  for  some  time 
in  a  drv  vacuum,  it  does  not  crystallise,  bnt  becomes  yerj  visdd  and  appears  to  be 
psrtialfy  converted  into  an  anhydride.  By  distillation  it  is  resolred  into  water  and 
ethyl  -crotonic  add,  CfEP'O*. 

The  mdiwm  taU,  CH"NaO*,  forms,  after  drying  in  a  vacuimi,  a  white  flbrons 
emtalline  mass,  which  deliquesces  in  moist  air.  The  tUvtr  ioU,  CH^AgO*,  is  a 
nita  flocculent  predpitate,  which  dissolres  easily  in  boiling  water,  and  separates 
oni  eooling  in  fine  geodes  of  colourless  laminse,  which  slowly  become  coloued  on 
exposure  to  light.  The  eopper  salt,  CH'^CuO*,  separates  from  a  mixture  of  a  con- 
centrated solution  of  the  sodium  salt  with  oupr\c  sulphate,  slowly  at  ordinaiy 
temperatures,  quickly  on  boiling,  as  a  blue  powder,  the  colour  of  which  ia  finer  and 
dazker  the  more  slowly  the  salt  has  separated  (Waldschmidt). 

aifjmiM,  Ci*H"NO*.  Barbaglia  {Deut.  Chem,  Qe$,  Btr,  ir.  757)  prepares  this 
alkaloid  by  exhausting  the  leaves  and  green  branches  of  "Bmsub  semperviretu  with 
snlpliiirie  add,  precipitating  the  add  solution  with  excess  of  carbonate  of  sodium  or 
calcium,  an4  exnaustang  the  well-washed  and  dried  predpitate  with  absolute  alcohol* 
Tha  alcohol  having  been  distilled  ofi^  the  reddue  ia  aoain  treated  with  dilute 
solphoric  add,  anid  the  parabuxine  removed  by  Pavia  s  method.  The  buxine 
sulphate  is  then  decomposed  by  excess  of  sodium  carbonate  and  the  well-washed  pre- 
dpitate is  sus^nded  in  water,  and  dissolved  b^  pasdn^  carbonic  acid  through  the 
liquid.  On  boiling  the  resulting  solution,  a  resin  is  predpitated,  while  buxine  carbonate 
remaiiM  in  solution,  and  from  this  solution  the  buxine  may  be  precipitated  perfectkf 
white  hj  ammonia. 

Parahurine,  0"H^H).^This  alkaloSd,  discovered  by  Pavia,  existo  in  Bugus 
Mmptrnrmi,  together  with  buxine,  and  is  distinguished  therefiram  l^  its  lesser 
•orability  in  alcohol ;  it  dissolres  in  hot  alcohol,  and  separates  on  cooling  as  a  white 
amorphous  mass.  Its  sulphaU,  O'^H^^OJSO^H',  obtained  by  neutrtdisingthe  alkaloid 
with  sulphuric  add,  ia  more  soluble  in  hot  than  in  cold  water,  and  is  deposited  in 
ammphons  nodules  insoluble  in  alcohoL  The  hydnehloride,  C^H^NH).mCl,  pre- 
pared 1^  boiling  the  su^hate  with  an  excess  of  barium  chloride,  erystallises  in  minute 
needles.  The  platinoekloride,  0»H«NH).2HOLPtCl\  is  amorphous.  The  mtrate, 
fbnned  by  decompodnff  the  sulphate  with  barium  nitrate,  crystallises  in  micaceous 
scales  (Paved  a.  Kotondi,  Oajtg.  ckim,  ital,  iv.  192). 
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OAMMMtunWL  A  Tariety  of  nickel-bloom  flnt  described  and  analyied  b  18|| 
b^  IL  Ferber  (Bay,  n,  Huttmm.  Zeitung,  1868,  806),  who  found  it  to  be  *  kjdnud 
nickel-magnesium  arsenate  of  the  type  3B0JUK)*  +  8HK).  This  lesiilt  is  coniiBcd 
by  Frenzel  (Jakrlmchf.  Mineralogies  1874,  673),  who  finds  the  mineral  to  eontsia>. 

^   100*66 

corresponding  with  the  formula  3(NiO,MgO)AsK>*+  8H*0. 

Oabrerite  has  an  apple-green  colour,  (nystallises  in  the  monoelinic  system,  eiUbiti 
the  forms  of  cobalt-bloom,  and  agrees  in  its  cleavage  with  the  l^l»r  and  with  gjnn. 
It  differs  &om  cobalt-bloom  in  giriog  off  the  whole  of  ics  water  at  400^,  mnsi 
cobaltrbloom  giyes  off  only  20  per  cent,  of  its  water  at  that  temperature,  the  rat  it  t 
red-heat.    The  ignited  mineral  is  sometimes  smalt-blue,  sometimes  Unish-bla^ 

OAOAO.    See  Thbobbojca. 


A8*0». 

NiO. 

CoO. 

MgO. 

H^). 

41-42 

2608 

1*40 

6-94 

25-78 

This  metal  may  be  obtained  by  distillation  in  a  emreBt  of 
hydrogen,  in  reeular  octohedrons,  dodecahedrons,  &e.,  6-8  m.m.  long;  with  sih». 
white  colour  and  strong  refracting  power  (H.  K&mmerer,  Dent,  Ckem,  Gee,  Bet,  vn. 
1724). 

Detection  by  the  Blowpipe  in  presence  of  Zine.-^The  substance  to  be  tested,  tf  ii 
the  metallic  state,  must  be  roasted,  the  resulting  powder  fhsed  with  borax,  and  add 
sulphate  of  potassium  added ;  the  bead  is  then  treated  with  boiling  water,  and  a  bcsd 
of  potassium  sulphide,  prepared  by  heating  acid  sulphate  of  notassium  on  diarooal,  ii 
added ;  if  cadmium  be  present,  a  yellow  precipitate  is  formea  (E.  J.  Chapman,  Ckm, 
News,  XXXV,  18). 

Eaiimaiion, — ^An  elaborate  paper  on  the  quantitatiTe  estimation  of  cadminm  Im 
been  published  by  O.  Follenius  (ZKto^ikr.  anal.  Chem.  1874,  272,  411),  in  whiditims 
methods  of  estimation  are  examined,  viz.,  as  sulphate,  as  oxide^  and  as  sulphide. 

1.  As  Sulphate.  This  method  of  estimation  is  regarded  byFcdlenins  as  thi 
most  exact  of  all,  provided  it  be  carried  out  with  the  following  preeantions  as  to 
evaporation,  diyinff,  and  weighing : — ^The  perfectly  pure  solution  of  cadminm  solphste 
is  to  be  evaporated  in  a  weighed  platinum  dish,  first  over  the  water-bath  as  loi^ 
as  any  vapours  are  thereby  driven  off  If  the  solution  contains  free  snlphnzie  aeid,  it 
deposits  during  this  evaporation  crystals  of  the  monohydrate  CdSO^  -i-  HH).  Hie  ftee 
sulphuric  acid  is  next  to  be  carefully  driven  off  on  the  sand-bath  till  the  salt  a^pein 
perfectly  dry. 

It  is  best  to  immerse  the  dish  to  the  rim  in  a  layer  of  sand  of  nnifonn  <Jw<*wfff, 
and  heat  the  bath  over  a  large  fiame  to  the  commencement  of  the  evapofatian,  aftsr- 
wards  with  only  a  small  fiame.  The  acid  then  coes  off  quietly  and  without  bompia^  and 
there  is  no  fear  of  loss.  The  apparently  cury  mass  usually  still  retains  a  si  ** 
quantity  of  sulphuric  add,  which  must  be  exp^ed  by  heating  over  an  open  flaaM 
long  as  white  fumes  are  evolved :  the  remainder  may  then  be  left  to  cool  in  the 
siccator,  and  weighed.  This  first  weighing  gives  the  amount  of  sulphate  to  wil  ^ 
0*5-1 '0  mgm.  The  weighed  salt  is  then  to  be  moistened  with  a  few  drops  of  dilate 
sulphuric  acid,  this  add  expelled  as  before,  and  the  dish,  after  cooling  in  the  ex- 
siccator, re-weighed. 

By  evaporation  with  excess  of  sulphuric  add  as  above  described,  all  <*«<^"ffnii 
compounds  containing  volatile  adds  may  be  converted  into  sulphate.  If^  hoveicr, 
the  salt  is  contaminated  with  ammouium  chloride,  this  compound  must  be  eonveited 
into  sulphate  by  repeated  evaporation  with  sulphuric  add,  and  the  excess  of  aeid 
finally  driven  off  by  ignition.  In  this  manner  the  cadmium  salt  may  be  ooinpletdy 
converted  into  sulphate,  whereas,  if  cadmium  sulphate  is  ignited  with  aiwrnmiinin 
chloride  or  a  fixed  alkaline  chloride,  without  the  presence  of  free  sulphuxic  acid,  a 
double  decomposition  takes  place,  resulting  in  the  formation  of  ammomum  sulphate 
and  cadmium  chloride,  which  volatilises  and  occasions  loss. 

2.  As  0 xide.  In  weighing  cadmium  as  oxide,  regard  must  be  had  to  the  msBMr 
in  which  the  oxide  has  been  obtained,  viz.  (1)  by  ignition  of  the  nitzate,  or  (8)  bj 
predpitating  the  nitrate,  or  (8)  the  sulphate  or  chloride,  with  an  alkaline  hydiate  or 
carbonate.  In  the  first  two  cases  accurate  results  may  be  obtained  after  the  first 
ignition ;  but  in  the  third  case  the  predpitate  will  be  contaminated  with  potasiiini 
and  sodium  salts,  which  can  be  removed  only  by  repeated  washing  and  ignitioiL    Tb§ 
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vaaiuBg  IB  best  effeeted  on  an  asbestos  filter,  as  the  oxide  is  easilj  reduced  dnring 
ignitioD  by  adhering  organic  matters. 

Tartaric  acid  preyents  the  precipitation  of  cadminm  bj  the  fixed  alkalis  oom- 
pletaljr  in  the  cold ;  but  the  whole  of  the  <»■A/^tnimn  is  nredpitated  hy  boiling.  Citric, 
oxalic,  succinic,  and  bensoic  adds  do  not  interibre  witn  the  precipitation,  either  from 
cold  or  from  warm  solutions.  The  presence  of  sugar  completolj  prerents  the  separa- 
tion of  the  hydrate  at  any  temperature. 

The  precipitated  cadmium  carbonate,  like  the  oxide,  contains  ooeasionaUr  salts  of 
the  alkaua,  and,  except  when  obtained  from  the  nitrate,  must  be  repeatedly  washed 
and  ignited  before  it  can  be  weighed.  The  salts  of  liie  fixed  alkalis  mssolye  traces  of 
the  carbonate,  which  is  also  somewhat  soluble  in  tartaric,  oxalic,  succinic,  and  benzoic 
adds,  and  to  a  greater  extent  in  solution  of  sugar. 

To  eonyert  the  carbonate  into  the  oxide,  it  is  best  to  heat  it  together  with  the 
asbestos  filter  in  a  continuous  current  of  air.  If  the  heating  be  effected  in  a  crucible, 
some  metallic  cadmium  is  formed  and  volatilised. 

8.  As  Sulphide,  CdS.  Cadmium  may  be  precipitated  as  sulphide  either  by 
hydrogen  sulphide  or  by  alkaline  sulphides,  but  in  the  latter  case  the  precipitate  is 
rery  bulky  and  difficult  to  filter.  The  precipitate  thrown  down  by  hydr^;en  sulphide 
from  a  solution  of  sulphate  or  chloriae  of  cadmium,  carries  down  with  it  certain 
quantities  of  these  salts, — from  0*948  to  2*107  per  cent,  in  the  case  of  the  sulphate, 
uid  a  larger  quantity  in  the  case  of  the  chloride — which  cannot  be  removed  by  washing. 
The  adhering  sulpnate  may  however  be  completely  converted  into  sulphide  l^ 
ignition  in  a  stream  of  hydrop;en  sulphide ;  the  chlori<u,  on  the  other  hand,  cannot  be 
entirely  oonverted  into  sulphide  in  uiis  way :  it  is  best  therefore  to  predpitate  frt>m 
a  solntion  of  the  sulphate. 

The  washing  of  the  sulphide  is  best  effected,  like  that  of  the  oxide,  on  an  asbestos 
filter,  after  whidi  the  predpitate  may  be  dried  by  placing  the  asbestos  tube  in  an  air- 
bath  gradually  heated  to  110^,  and  passing  a  current  of  air  through  it  firom  the  wide 
to  U»  Otttow  end.  Th.  fli»l  igmtioD  i.  lUso  to  b«  eommeneMf  towud.  the  wid. 
end. 

Halo  id  Salts, — The  solubilityof  several  double  halo!d  salts  of  cadmium  in  water, 
alcohol,  and  ether,  has  been  determined  by  J.  M.  Eder  {Chem,  Cmtr.  1876,  616). 


SdoblUty 

Water. 

Aloobol. 
0*794  ip.  gr. 

Bther. 
0*7Stip.  gr. 

eq.  Toll,  of 

•loohol 
sad  ether 

2NH*Br.2aiBr»JPO  . 
4NH*Br.CdBr« 
2NaBr.2CdBr*.6H>0   . 
4KBr.0dBr*       . 

KBr.OdBr».iPO 
2NH<I.2CdI«.H«0 
2*IH*LOdI».2HH) 
2NaL0dP.6HH> 

X1.0dPJ[«0     . 
2KI.CdI».2HH)   . 

0*78 
0*96 
1-04 
1-40 
0*79 
0-90 
0*58 
0*68 
0-94 
0*78 

6*  8 
3*  7 

0-88 
0*70 
0*86 

1*4 

280 
decomposed 
1       190 
decomposed 
decomposed 
2*4 
8*9 
101 

24-6 

24 

1        - 

1*8 
4-6 

Pkoaphidea. — The  compounds  Cd^P*  and  CdP*  are  obtained  by  passing  phos- 
phorus vapour  over  red-hot  cadmium  or  its  oxide  or  carbonate.  The  former  has  a 
metallic  aspect,  like  that  of  the  corresponding  zinc-compound,  and  dissoWes  in  dilute 
adds,  with  evolution  of  non-spontaneously  infiammable  phosphoretted  hvdrogen,  and 
formation  of  hypophoephorous  add,  cadmium  chloride,  and  a  yellow  phosphoretted 
body— perhaps  PO«OSl  (B.  Renault^  Compt,  rend.  Ixxvi.  288). 


and  SVBUIIUM.  Atomic  Weights, — A  new  determination  of  these 
weights  has  been  made  l^  Godeffiroy  {LUbi^a  Armalen,  dxxxi.  176).  Of  the  several 
m^wods  proposed  for  the  separation  of  cesium,  rubidium,  and  potasdum,  he  gives 
the  preference  to  that  of  Redtenbacher,  which  consists  in  prepann^  the  alums  and 
separating  thes«  by  fractional  crystallisation.    100  parts  of  water  dissolve  at  17^  of : 


FoCaarimn-alinn. 
13-5 


BuMdiam-shim. 
2-27 


GnrimiMdiiin. 
0*619 
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Bj  a  continual  methodical  fractionation  the  following  eiTatalliMtioBi  wm 
obtained : 

Pare  caBeinm-aliun. 

The  same,  containing  traces  of  mbidium. 

Babidiam-alnm  with  traces  of  csesinm. 

Fore  rabidiiim-alum. 

The  same,  with  traces  of  potassium. 

Potassinm-alimi  with  traces  of  rubidium. 

The  pure  alums  were  oonyerted  into  the  pure  chlorides  by  predmtating  tlMV  hot 
solutions  with  prure  ammonia,  evaporating  the  filtrate  in  a  platinum  bann,  umtug  tht 
residue,  dissolying  the  fused  mass  in  water,  and  adding  pure  barimn  cUonds  as  loi^ 
as  a  precipitate  was  formed.  After  filtering,  pure  ammonia  and  •.mmnminm  eaiboHte 
were  added  to  the  warm  solution,  and  after  standing  for  some  time^  the  aolutioa  wu 
again  filtered,  evaporated,  and  fused.  This  process  was  repeated,  Mid  then  the  cJiloridsi 
CTjTstallised.  The  pure  ctesium  chloride  thus  obtained  waa  not  at  all  flnlinarimiii^ 
and  the  determination  of  chlorine  gave,  as  mean  of  four  yery  nearly  agreeing  nialti, 
the  atomic  weight  of  ctesium  » 132*667  (if  CI »  86'46  and  Ag  » 107*94),  wiiile  tint  of 
rubidium  was  found  «  86*476  as  mean  of  four  experiments. 

On  the  Separation  of  Cesium  and  Rubidium,  see  further  p.  869. 

On  the  Preparation  of  Ceesium  ficom  LepidoUte,  see  Sharpies  (AMiertQam  Okmkl, 
ill  463;  Jahreab.f,  Chem,  1873,  248). 

Double  Chlortdea  (Gk>deffix>y,  Dmt.  Chem,  Oee.  Ber.  yii.  876;  Tiii.  9^— Whn 
a  solution  of  a  caesium  salt  is  added  to  a  solution  of  antimomous  chloride  in  oomcsntiBtsd 
hydroc^doric  add,  a  white  crystalline  precipitate  is  obtained,  consisting  of  a  dmiks 
chloride,  SbCl*.60sCl.  The  formation  of  this  precipitate  is  not  prevented  bv  tha 
presence  of  the  other  alkalis.  It  may  be  collected,  washed  with  straag  hydzocmorie 
acid,  and  crystidlised  from  dilute  hydrochloric  add.  It  then  forms  Isxga  taMar 
crystals,  belonging  to  the  hexagonal  system,  and  permanent  in  the  air.  Antiaonioai 
chloride  may  the^ore  be  used  as  a  test  for  caesium. 

The  chlorides  of  several  other  metals  likewise  form  with  caesium  chlonda^  cijrtil- 
line  precipitates  which  are  only  sparingly  soluble  in  strong   hydzochlorie  add: 

VIZ  * 

Fe«Cl«.6CsCl  Hga«.2CsCl 

Bia".6CsCl  Cu01».2Csa 

Zna*.2CsCl  Mna'.2C»a 

Oda«.2C8Cl  Nia«.2CsCl 

To  obtain  these  predpitates,  the  chlorides  of  the  coiresponding  metals  must  be 
dissolved  in  strong  hydrochloric  add,  and  the  solution  mixed  with  a  solution  of  OMraa 
chloride  idso  in  stxouff  hydrochloric  add.  They  are  all  extremely  soluble  in  dStata 
hydrochloric  acid  and  in  water,  but  crystallise  again  from  the  solutions  on 
tion. 

Bjr  mixing  a  solution  of  rubidium  chloride  with  the  chlorides  of  the 

metais  above  mentioned,  well-crystallised  double  salts  are  obtained  analogous  in 
composition  in  every  case  to  the  corresponding  caedum  salts,  s^.  SbCI'.CBhCI, 
Fe«Cl«.6RbCl,  ZnCl«.2RbCl,  &c. 

The  following  table  gives  a  comparative  view  of  the  reactions  of  cnisium  sad 
rubidium  chloride  with  the  chlorides  of  the  metals  above  mentioned  and  with  platiaie 
chloride :  it  will  be  seen  that  caesium  choride  gives  a  predpitate  in  every  case ;  ru»diiiBi 
chloride  in  dx  only : 


Antimonious  chloride 

Bismuthous 

Ferric 

Zinc 

Cnprio 

Manganous 

Nickel 

Platinic 

Stannic 


CsCl 

white 

white 

oran^red 

white 

red 

pale  rose-red 

yellow 

yellow 

white 


BbCl 
no  pp. 

»i 

f> 

»t 

red 


pale 
turbidity 
yellow 
vdiite 


With  the  exception  of  platinic  chloride,  however,  none  of  these  reagents  eaa  be 
used  for  the  quantitative  separation  of  caesium  from  the  other  alkali-metals,  iaaeBo^ 
as  the  predpitates  are  formed  only  in  strongly  add  soluticns,  and  disappear  on  <liiT*Vffi 
or  on  prolonged  washing. 

The  picrates  of  caesium  and  rubidium  resemble  potassium  pjerate  in  bsii^ 
sparingly  soluble  in  water,  veiy  sparingly  in  alcohoL 
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Sepairaium  of  Ctmum  and  Rubidium, — Traces  of  rubidinm  maj  be  remoyed  from 
easinm-alam  by  converting  this  salt  into  the  chloride,  dissQlving  the  latter  in  strong 
hydrochloric  acid,  and  precipitating  with  an  acid  solution  of  antimouions  chloride, 
llie  precipitate,  after  being  washed  with  hydrochloric  acid,  is  free  from  rabidinm. 
On  treating  it  with  water,  antimony  oxychloride  separates  out:  if  the  solution  is 
evaporated  and  ignited  with  sal-ammoniac,  all  the  remaining  antimony  volatilises  and 
pure  cssium  chloride  is  left  behind. 

On  treating  rubidium-alum  containing  caesium  in  a  similar  way,  the  precipitate 
obtained  contains  traces  of  rubidium,  which  may  be  removed  by  dissolving  in  dilute 
hydrochloric  acid  and  precipitating  again  by  the  concentrated  acid. 

Other  chlorides  of  the  neavy  metals,  as  alreadv  observed,  also  give  precipitates 
with  caesium  chloride  in  presence  of  strong  hydrochloric  acid,  and  the  sulphate  is  pre- 
cipitated by  the  sulphates  of  these  metals  when  dissolved  in  dilute  sulphuric  acid  ; 
potassium  and  rubidium  salts  do  not  give  this  reaction. 


For  the  rapid  extraction  of  caffeine  (theine)  from  tea,  the  follow- 
ing method  is  recommended  by  Caseneuve  a.  Caillol  {Bull,  8oe.  Chim,  [2],  zxvii.  199). 
B]Bck  tea  is  treated  with  four  times  its  weisht  of  boiling  water,  and  when  the  leaves 
are  softened,  an  amount  of  freshly  slaked  Time,  equal  to  the  weight  of  tea  originally 
taken,  is  added,  and  the  whole  well  mixed  and  evaporated  to  dryness  on  a  water-bath. 
The  rendue  is  then  placed  in  an  exhausting  apparatus,  and  exhausted  by  means  of 
chloroform ;  the  extract  thus  obtained  is  evaporated  to  dryness ;  and  the  resinous 
matter  is  precipitated  by  treating  the  residue  with  boiling  water.  On  carefully 
evaporating  the  filtered  aqueous  solution,  beautiAil  silky  white  crystals  of  caflbine  are 
obtained. 

Detection, — According  to  Bottger  {Zeittchr,  anal,  Chem.  1878,  442)  caffidne  may 
be  detected  by  the  purple-red  coloration  which  ensues  on  extracting  the  substance 
undeor  examination  with  alcohol,  treating  the  dry  extract  with  boiling  hydrochloric 
a^,  evaporating  to  dryness  and  redissolving  in  water. 

Ettimation, — B.  Weyrich  (Zeitschr,  anal.  Chem,  1878,  104)  has  examined  the 
methods  proposed  by  Mulder,  I^^igot,  Claus,  Zoller,  and  Lieventhal  for  the  estimation 
of  caffeine  in  tea  and  coffee. 

PWgot*8  method  {Rep,  Pharm.  Ixxxii.  340)  consists  essentially  in  precipitating 
the  tSA-infusion  with  basic  lead  acetate,  with  addition  of  a  very  small  quantity  of 
ammonia,  and  after  careful  washing,  decomposing  the  filtrate  with  sulphuretted  hy- 
drogen. After  a  second  filtration,  the  caffeine  crjrstallises  out  of  the  liquid.  Any 
ca£nine  that  remains  in  the  mother-liquor  is  estimated  by  titration  with  tannin. 

The  objections  to  the  method  are  that  it  requires  a  large  amount  of  material  to 
work  with,  and  that  the  titration  is  untrustworthy,  because  the  tannin  carries  down 
other  matters  beside  caffeine,  and  thus  gives  results  too  large.  On  the  other  hand,  it  is 
poaaible  that  less  than  the  real  amount  of  cafibine  may  be  obtained,  because  lead 
sulphide  carries  down  with  it  such  matters  as  alkaloids,  and  retains  them  when 
washed. 

The  method  of  Claus  [Jahresb.  1863,  708)  consists  in  exhaustine  the  leaves  with 
ether,  shaking  up  the  ethereal  solution  with  water  containing  sulphuric  acid,  super- 
saturating the  acid  caffeine- solution  with  calcined  magnesia,  evaporating  to  dryness, 
and  exhausting  tJie  dried  residue  with  ether.  This  method,  which  is  very  similar  to 
Mulder's,  gives  tolerably  uniform  results.  The  source  of  error  in  it  is  that  the  whole 
of  the  cafleine  is  not  always  extracted  in  shaking  up  the  first  ethereal  solution  witn 
water. 

Zoller^s  method  {Jahreeb,  1871>  818)  consists  in  boiling  the  powdered  tea-leaves 
with  common  sulphuric  acid  a  little  diluted.  Water  is  then  added,  and  the  liquid  is 
neutralised  with  hydrated  oxide  of  lead  and  ev^xunted  to  dryness,  and  the  residue  is 
exhausted  with  alcohol  of  85  per  ct'ut.  After  ^tration  and  evaporation  to  dryness, 
the  cafleine  is  extracted  with  ether,  and  remains  behind  on  evaporating  the  solvent 
Ths  caffeine  thus  obtained  is,  however,  very  impure,  and  besides  it  is  not  impossible 
that  when  thus  heated  for  some  time  with  an  add,  it  may  be  partly  decomposed,  and 
in  that  case  the  result  will  be  below  the  real  percentage. 

Lieventhal  {Chem.  Centr,  1872,  631)  boils  the  powdered  tea  for  a  minute  or  two 
with  chloroform.  After  cooling,  the  mass  is  washed  till  the  chloroform  fiows  through 
cdlourlees.  The  filtrate  is  disUlled  and  the  residue  boiled  with  distilled  water  and 
evaporated  to  dryness.  The  caffeine  then  remains  behind,  but  is  not  colourless. 
Weyrich  is  of  opmion  that  the  chloroform  does  not  penetrate  into  the  tea,  even  whf  n 
fincdy  powdered,  sufficiently  to  extract  all  the  caffeme ;  moreover,  other  substances, 
as  well  as  the  caffeine,  pass  into  solution. 

Mulder's  method  (J.  pr,  Chem.  xv.  280^  appears  to  be  preferable  to  all  others,  on 
aeeount  of  it-s  simplicity,  and  more  especially  because  the  caffeine  is  obtained  by  H 
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perfectly  pore  in  colonrless  ciystalB.  Baw  coffee-berriee  are  dried  at  100^,  and  thd 
finely  powdered.  Tea  can  be  used  just  as  it  is  found  in  commerce.  A  wa^fy&iqjaMatih 
is  boiled  irith  distilled  water :  in  the  case  of  coffee  three  times,  each  of  an  boon 
duration ;  in  the  case  of  tea,  as  long  as  the  filtrate  comes  through  coUnivtd.  Br  tb 
means  all  the  caffeine,  as  w^  as  some  other  matters,  passes  into  BolntioiL  The  ffltati 
is  evaporated  on  the  water-bath  to  the  consistence  of  a  symp,  and  then,  after  bci^ 
mixed  with  calcined  magnesia  to  strong  alkaline  reaction,  eTaporated  to  diyneai.  Ik 
finely  powdered  residue  is  digested  for  several  days  with  ether,  then  filtend,  and  tb 
residue  is  again  treated  with  ether,  andfinally  washed  with  ether  upon  the  filter  as  k^ 
as  a  drop  of  the  filtrate  placed  on  a  watch-glass  leaves  a  residue  of  caffeine.  The  lUiir 
is  then  distilled  off,  and  the  pure  ca£feine  remains.  Weyrich  prefers  chloBofeni  to 
other,  as  caffeine  is  more  soluble  in  the  former,  and  the  operation  is  thus  shortsned. 

Solubility, — The  solubility  of  caffeine  in  chloroform,  alcohol,  water,  ethor,  enbot 
sulphide,  and  petroleum  has  been  determined  by  CommaiUe  (jChnifit,  rmd,  Ixixi.  817) 
with  the  following  results : — 


liquid  disBOlTe 

at  lB«»-ir»  of 

Cafldne 

Coeffldentof 

aolnWi^  at 

15»-irof 

Oafldne 

lOOgtamiof 
liquid  diHolTe 
at  boOtBg  heat  of 
GaflUne 

■otnlOityit 
boOiBf  hoitflf 
OiAiM 

dnled 

» 

Anby- 
droTU 

Hy. 
dnted 

Anhy- 
dztma 

Hy. 
diated 

Anhj- 
drons 

Hy- 
dnted 

Aal^. 

dRW 

Ghlorofiarm 
Alcohol  at  86<'  . 
Water* 

Alcohol,  absolute 
Ether  of  commerce     . 

Sulphide  of  carbon     . 

Ether,  purified  and) 
anhydrous.        .      { 

Light  petroleum 

2-51 
1'47 

0-21 

12*97 
2-80 
1*35 
0-61 
019 
00586 
00487 
0025 

1 

40 

1 

68 

1 
467 

1 

7-72 

1 

44-4 

1 

74-2 

1 

1647 

1 

526 

1 

1709 
1 

2288 

1 

40UU 

I    1              III 

19-02 

45*66 
8*12 

0*464 
0-36 

1    1    1    1    1  -i 1    1 

1 

6-tt 

1 

219 

1 

82 

I  : 

220 

I 

m 

*  The  water  was  at  65*^  only,  and  not  baHing. 

CMH"0»C'*Hi«HH).  Thiscomnound  is  the  chief  oadiBid 
constituent  of  oil  of  cajeput  When  separated  by  distillation  from  a  Ikrnid  zesiaoii 
constituent,  and  purified  by  fractional  distillation,  it  boils  at  176^-186^.  It  untcs 
with  bromine,  the  combination  being  attended  with  considerable  rise  of  tempsntna; 
and  the  product,  when  distilled,  eives  off  hydrobromic  acid  and  yields  a  ausnti^  of 
cymene  equal  to  about  two-thirds  of  the  substance  used,  the  calculatea  quantity, 
according  to  the  following  equations,  being  87  per  cent. : — 


C»«H»BrH) 


H«0  +   2HBr  +  0'»H»«. 


The  cymene  thus  produced  agrees  in  properties  with  that  which  is  obCainad  horn 
many  other  terpene  derivatives  (Wright  a.  Lambert,  Chem,  8oo.  Jour.  1874,  6|9). 
Compare  2nd  8uppl.  419. 

OAUkMJrs*  The  wood  of  the  Spanish  reed  (Calamua  Botang)  '^^*nvw  a  lugs 
quantity  of  silica,  and  gives  sparks  with  steel,  or  ii^en  two  pieces  of  it  an  imbbed 
together.  The  reed  dri^l  at  100°  yielded  3*16  per  cent,  of  ash  having  ^  IfaUonig 
composition : — 

SiO«  CaO  MgO         KK)        Na"0        Fe^      T*0*         SO* 

67*964     16*969     11*812    0*653     0*559    0*383     0-295     0*766   »  90-840. 

These  numbers  agree  very  nearly  with  the  formula  of  a  calcium-magnemom  silicate. 
GAO.MgO.4SiO',  which  requires  71*4  per  cent,  silica,  16*6  lime,  an3  11*8 
(Muts^er,  Liebig's  Annalent  clxxvi.  86). 
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A  tellnride  of  gold  and  silver  occurring,  with  sylranite  and 
zed  qnaztE,  at  Bed  Cloud  Mine,  Gold  Hill,  Boulder  Co.,  Colorado.  Two  analyses 
gare  the  following  reralta : — 


Aa 

A«r 

T«*       Cn  and  Fe 

40-69 

2-24 

57*67        trace  «   100*60 

39-76 

2*56 

6768          —      -   100*00 

(F.  A.  Qenth,  J.  pr,  Ckmn,  [2],  z.  865). 

OAMnva  or  OAIpOSVAX.  On  the  dystalline  form  of  calcite  from  RodeQord, 
leeUnd,  see  Hessenbezg  {Jakrb.  f,  Min,  1873,  87);  from  Sdmeeberg  in  SuEony: 
Fvenael  and  vom  Rath  ^6m.  1875,  415);  from  Andreasbeig :  Hesaenbe^  {ibid,  1875, 
647) ;  from  Busfda :  t.  kokscharow  {ibid,  1876,  873 ;  Chem,  Soc.  Jour.  1876,  i.  525). 

Ou  Hemimorphism  in  Calcite :  Frenzel  (Jakrb,/.  Aftfi.  1875,  673 ;  Chem.  Soc,  Jour, 
1876,  i  60) ;  alM  Max  Bauer  (Jakrb,  f,  Min,  1873,  190). 

On  the  appearanoce  proauced  in  Calcite  by  pressure:  Reusch,  Poga,  Ann. 
cxlfii.  307). 

OJUbOXUWtL  FokUiiUy  at  High  Temferaiwrea. — Calcium  may  be  Tolatilised  in 
the  same  manner  as  barium,  Wz.  by  intense  ignition  of  its  oxide  in  a  wind-furnace  in 
contact  with  aluminium  (Mallet,  p.  142). 

On  the  Spectrum  of  Calcium  at  very  high  temperatures,  see  Spectral  Analysis. 

Separation  from  Magnenum, — Sonstadt  (C)%Mn.  News,  zxix.  209)  recommends  for 
this  purpose  the  use  of  potaseiiim  iodate.  When  calcium  is  precipitated  as  oxalate  in 
the  usual  way  from  a  solution  containing  calcium  and  magnesium,  it  is  well  known 
that  a  certain  portion  of  magnesium  aJways  accompanies  the  <»lcimu  precipitate. 
Besides  this,  however,  calcium  is  not  completely  precipitated  under  such  circumstances, 
a  certain  quantity  being  held  in  solution  by  the  influence  of  the  magnesium  salts. 
Sodium  tungstate  effects  a  more  complete  separation,  but  the  solution  must  be  quite 
neutral,  and  other  alkaline  salts  absent  or  nearly  so.  Under  these  circumstances 
calcium  is  reiy  completely  thrown  down,  and  the  precipitate  is  quite  free  from 
magnesium.  But  even  after  separating  the  tungsten  as  completely  as  possible,  the 
magnesium  precipitate,  obtained  with  alkaline  phosphate  and  ammonia,  is  still  found 
to  contain  tungsten. 

Now  calcium  iodate  is  not  sensibly  soluble  in  a  saturated  solution  of  potassium 
lodate,  whilst  magnesium  is  not  precipitated  from  solution  in  any  degree  by  potassium 
iodate.  The  presence  of  potassium  iodate  does  not  interfere  with  the  subsequent  pre- 
cipitation of  tne  magnesium  as  magnesium-anmionium  phosphate,  the  double  phosphate 
bsmg  less  soluble  in  a  saturated  solution  of  potassium  iodate  containing  free  anunonia, 
than  in  a  mixture  of  2  pts.  of  ordinary  aqueous  ammonia  with  1  pt.  water.  Potassium 
iodate  solution  added  to  the  supernatant  liquid  containing  alkaline  phosphate  and 
much  free  ammonia  over  precipitated  magnesium-ammonium  phosphate,  renders  the 
liquid  opalescent,  and  causes  a  further  precipitation  of  magnesium  salt. 

On  the  detection  of  Phosphate  and  Oxalate  of  Calcium,  &c  in  the  Ammonium 
Sulphide  Group,  see  Hilger  {2^eiUchr,  anal.  Chem.  1874,  133 ;  Chem.  Soe,  Jour.  1874, 
102). 

Chloride,  CaCl'. — This  salt  forms  the  chief  saline  constituent  of  a  black  slimy 
exudation  occurring  on  the  face  of  the  old  red  sandstone  rocks  at  Guy's  Cliff  in 
Warwickshire.    T&  composition  of  this  black  slime  is  as  follows : 

27*15        14-55        trace        3*81         1*21         1103        42*26  -   100 

The  sand-stone  rock,  containing  95*64  per  cent  sand  and  mica,  1*24  alumina,  ferric 
oxide,  &c,  2*00  calcium  carbonate,  0*66  magnesium  carbonate,  and  0*46  moisture,  &c, 
does  not  aiibrd  the  material  for  the  formation  of  this  deposit;  nevertheless  it 
is  always  present,  and,  if  washed  away  by  the  rains,  is  continually  renewed.  This 
would  seem  to  indicate  the  existence  of  hidden  salt-beds  in  the  neighbourhood 
(J.  Spiller,  Chem.  Soc.  Jour.  1876,  i.  154). 

daleium  chloride  occurs,  together  with  magnesium  chloride  and  alkaline  chloride, 
in  the  tachydrite  and  camalHte  of  the  Stassfurt  deposit,  but  in  smaller  proportion 
t-Vw  the  Guy's  Cliff  exudation,  tachydrite  containing  21  per  cent.  CaCl*  and  36  per 
cent.  MgCS*;  camallite  about  3  per  cent.  OaCl*  and  31  per  cent.  MgCl*. 

OxifcJdoride. — According  to  Grimshaw  (Chem.  News,  xxx.  280)  the  salt  which 
aepazatfls  out  in  sli^nder,  white,  needle-shaped  cnrstals  when  a  strong  solution  of 
ca^vm  chloride  is  boiled  witJi  an  excess  of  milk  of  lime  yields,  on  analysis,  numbers 

*  Water  and  vegetable  aztraotive  matter, 
9B2 
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corresponding  with  the  formula,  3GaO.CaCl'  •}<  15HK),  or  0  j  ^^  -f  7H*0.    Bon  n- 

figned  the  formula  SCaO.CaCl' +  IdH^O,  but  his  numbers  agree  better  with  the  above 
formula,  llie  salt  is  stable  oat  of  contact  -with  air ;  loses  part  of  its  water  of  ojstal- 
lisation  oyer  sulphuric  acid  or  quick  lime,  and  absorbs  water  and  carbonie  add  firan 
the  air. 

Peroxide^  CSaO'. — This  compound  is  most  conveniently  pepared  bjr  addisff  lin*. 
water  in  considerable  excess  to  an  aqueous  solution  of  sodium  peroxide  aridulitid 
wiUi  nitric  acid;  it  then  separates  in  crystalline  scales,  hayinff  the  wpMitioa 
CaO'.SH'O.  The  same  hydrate  is  obtained  as  a  very  finely  divided  white  pieeintiti 
on  adding  a  neutral  or  alkaline  solution  of  sodium  peroxide  to  a  solution  of  a  ealeiiB 
salt  (Conroy,  Ckem,  8oe,  J.  1878,  810).  It  is  isomorphous  with  hydrmted  baiias 
dioxide  (p.  142). 

Basic  8  ulphocarbonate, — Milk  of  lime  agitated  with  carbon  diaulphide  yiddi 
bright  orange  needles  of  the  compound  CaCSS".CaHK)' +  6HK),  similBr  in  pvoptrtiM 
to  the  corresponding  barium  compound  (p.  142). 


OA&BBXXAS*    This  name  is  applied  to  the  geysers  of  the  Furnas  valley  in  Um 
island  of  San  Miguel,  Azores.    See  Gbtsxbs,  2nd  J^ippl,  668. 


I.  According  to  the  earlier  analyses  of  Brooke  and  ThoDson, 
this  mineral,  from  Leadhills  in  Scotland,  was  regarded  as  a  sulphatocarbonate  of  leid 
mixed  with  cupric  oxide  or  carbonate  (i.  722) ;  but  according  to  Maskelyne  a.  Flij^t 
(Ckem,  8oc.  J.  1874,  101)  the  carbonic  acid  is  due  to  accompanying  cerussite;  and, 
this  being  deducted,  the  mineral  is  found  to  contain  17*80  per  cent.  SO*,  68'43  PbO, 
10*17  CuO,  and  405  HK),  agreeing  nearly  with  the  formula  6PbSO«.2PbH<0*.8CaHK)', 
or  8  mols.  linarite,  2  mols.  lanar^te,  and  2  mols.  water  (calc.  19*14  SO*.  66*17  PbO, 
11-89  CuO,  and  4*80  aq.) 


On  the  alkaloids  of  Javanese  Calisaya  bark,  see  Hesse  {LUbuft 
AnmUen,  dxxiv.  887  ;  Chem,  8oe,  J.  1876,  282) ;  and  de  Vrij  {Pharm.  J.  TVaw.  [S], 
V.  601 ;  Ckem,  8oc.  J.  1876,  184). 

\m    See  Tbbpbwes. 


ACIB,  C**H>>0^  This  acid,  which  Berthelot  obtained  by  tracing 
camphor  with  alcoholic  potash  (i.  726),  is  also  formed  by  the  action  €i  oxygen  qb 
sodium-camphor :  C'<>H>»NaO  +  O  «  C'^H'^NaO*.  To  prepare  it,  the  fvoduct  of  the  action 
of  sodium  on  camphor  is  dissolved  in  coal-tar  naphtba  boiling  at  126^,  and  a  enzTsnt 
of  air  is  passed  through  the  gently-boiling  liquid.  After  the  reaction  is  finished,  the 
naphtha  is  distilled  of^  the  residue  exhausted  with  water,  and  the  solution  fraetionBlly 
precipitated  with  an  acid,  first  a  resin  is  precipitated  carrying  down  campbone 
acid,  which  is  also  formed,  and  then  camphic  acid  is  thrown  out,  wlule  some  oanphorie 
acid  remains  in  solution. 

Gamphic  acid  yields,  by  double  decomposition  with  copper  salts,  the  salt  (0'*H'H)')Ci 
as  a  green  powder,  which  is  partly  soluble  in  ether,  benzene,  chloroform,  and  stiQOg 
alcohol.  Tke  green  alcoholic  solution  deposits  a  viscid  almost  black  mass,  dzyingip 
to  a  dark-green  brittle  substance  consisting  of  C'^H^'O'  +  (C**HiH)*)*Cn. 

By  oxidising  camphic  acid  with  potassium  permanganate,  it  is  converted  into 
ox y camphic  acid,  0**H*'O',  which aoes  not  crystallise,  and  resembles oamj^de  add, 
but  is  more  liquid.  At  the  same  time  some  acetic  acid  and  camphoaie  acid  m 
farmed,  as  well  as  an  acid  which  appears  to  be  toluic  acid  (Montgolfier,  BtdL  8te, 
Chim,  [2],  XXV.  18). 


OABSPBOCASBOVZC  AOIB,  C)iH><0*»G*«H**O.CO'H,  obtained  by  the 
action  of  carbon  dioxide  on  sodium-camphor  (Ut  Suppl.  386),  is  oonvertedf  by  the 
action  of  bromine,  so  regulated  as  to  avoid  rise  of  temperature,  into  a  yellowish  mass, 
which  gradually  becomes  czystalline  and  dissolves  completely  in  dilate  ^1V«li«,  the 
solution  yielding  with  hydrochloric  acid — immediately  or  after  some  time,  aoooiding 
to  the  degree  of  dilution — a  white  crystalline  precipitate  of  monobromocampho- 
carbonic  acid,  C>*H>*BrO*.  This  add  melts  at  lOOMlO^  dissolvea  sparinif^ia 
water,  easily  i^alcohol  and  ether.  It  is  very  easily  resolved,  in  the  dry  state  at  66°, 
or  in  alcoholic  solution  on  boiling,  into  CO*  and  bromocamphor  (m.  p.  76°).  Ita  salts 
decompose  in  the  same  manner,  diose  of  the  alkali  metals  even  when  evapocated  orsr 
sulphuric  acid,  the  barium  salt  when  its  aqueous  solution  is  boiled.  The  aslts 
(C><H>«BrO*)'Ba  and  C"Hi<BrO*Ag  may  however  be  obtained,  as  aystalline  medpi- 
tates,  by  treating  the  corresponding  acetates  with  an  ammoniacal  solution  of  nroHi^ 
camphocarbonic  acid  (J.  de  Santos  de  Silva,  Deut.  Chem.  Ges.  Ber.  vi.  1092). 

CABiyBOCnMIABOTa.    See  Oxtctmbmb,  under  CnoEirB. 
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C^*H'*0.  This  body  has  been  Tarionsly  regarded  ae  an  alcohol,  a 
phenol,  an  aldehyde,  and  a  ketone,  the  last  view  being  at  present  most  generally 
accepted,  and  several  constitutional  fonnnlse  have  accordingly  been  proposed  for  it 
{2na  Suppl.  234),  neither  of  them,  however,  being  capable  of  affording  a  complete 
explanation  of  all  its  reactlcns.  To  this  end,  it  must  be  remember^  in  the  first 
place  that  camjdior  is  an  indifferent  body ;  secondly,  that  by  combining  with  h^rdro- 
gen,  it  is  converted  into  bomedl,  which  possesses  the  character  of  an  alcohol ;  thirdly, 
that  alkalis  transfSorm  it  into  monobasic  campholic  acid,  and  oxidising  apnts  into 
bibaaic  camphoric  acid.  It  must  also  be  remembered  that,  by  abstraction  of  the 
elements  of  water,  canqphor  is  readily  converted  into  cymene,  an  aromatic  hydrocarbon, 
oontaining  methjrl  and  propyl  (or  isopropyl)  in  the  para-position.  All  these  reactions 
are  readily  explained  by  the  following  formnlie ;— 

Gamphor.  BorneoL 

I  I 

CH  CH 


HH3      CH=^  H-G      CH» 

HC      CO  HC      CH.OH 

Y  Y 

OH"  0H« 

Campbolio  add.  Gmnpborlo  sekl, 

CH'  0»H* 

I  I 

OH  OH 

H*C        0H«  H«0      CO*H 

HC        C0»H  HC      C0»H 

\^  Y 


I 

CH«  CH" 

In  assuming  these  formuUe,  it  must  be  stated  that  the  positions  of  the  radicles, 
CH*  and  C^H',  are  known,  but  those  of  the  oxygen  and  of  the  double-linked  carbon- 
atoms  must  at  present  be  left  undecided. 

Camphor  is  therefore  a  kind  of  ketone,  and  bomeol  the  corresponding  secondary 
alcohol,  the  formation  of  which  from  camphor  is  similar  to  that  of  other  secondary 
alcohols  from  their  ketones,  although  it  takes  place  under  somewhat  different  con- 
ditions. In  the  formation  of  campholic  acid  and  camphoric  acid,  the  linking  of  two 
carbon-atoms  is  severed,  that  which  was  combined  with  oxygen  being  converted  into 
earboxyl,  while  the  other  combines  with  hydrogen,  under  the  influence  of  alkalis, 
and  is  converted  into  earboxyl  under  the  influence  of  oxidising  agents. 

The  transformation  of  camphor  into  cymene  is  a  complicated  reaction,  intermediate 
poducts  being  formed,  varying  with  the  dehydrating  affent  used.  Such  a  compound 
IS  thiocymene,  which  is  produced  by  the  action  of  phospnorus  pentasulphide  (Eekul^, 
Jkut.  Chem.  Gea,  Ber,  vi.  929). 

On  the  Constitution  and  (jhemical  Function  of  Camphor,  see  also  Berthelot,  Compt, 
rend.  Ixxix.  1093;  Chem,  8oc,  J.  1875,  348. 

Optical  RoUUery  Power. — The  specific  rotatoiy  power  of  camphor  has  been  deter- 
mined by  Landolt  {^Dei$t.  Chem.  Cres,  Ber.  ix.  914).  The  camphor  employed  was 
porified  by  sublimation ;  it  boiled  at  204^  and  solidified  at  176®.  Its  rotatoiy  power 
was  determined  by  dissolving  it  in  various  proportions  of  each  of  the  undermentioned 
liquids,  and  observing  the  rotation  produced  bv  the  solutions  at  20®..  It  was  found 
that,  with  all  the  solvents  except  the  last  two,  the  rotatory  power  of  the  camphor  in 
solution  could  be  expressed  by  the  formula  \a'\siA  —  Bq^  (A  and  B  being  constants, 
and  q  the  percentage  of  solvent  in  the  solution) ;  that  is  to  say,  the  alteration  pro- 
duce in  the  normal  rotatory  power  of  pure  camphor  by  these  solvents  was  propor- 
tional to  the  amount  of  the  solvents  present,  so  that  A  represents  the  true  rotatory 
power  of  camphor.  With  the  last  two  solvents,  however,  it  was  found  possible  to  ex- 
press the  rotation  only  by  the  more  complicated  formula  \^'\»A—Bq'^  Cf. 
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The  following  are  the  solyents  used  and  the  formnlft  azriTed  at  * — 


Acetic  acid    . 

Ethyl  acetate 

Ethyl  monochloracetate 

Benzene 

Bimethylaniline    . 

Wood-spirit  . 

Alcohol 


a 

a 
a 


n- 


55*49  ~  018729  q ; 

55-15  -  004883  q ; 

55*70  -  0*06685  q ; 

55*21  -  01680    q; 

55*78  -  01491    q; 

5615  -  0*1749    q  +   0*00066170* 

54*38  -  0*1614    q  +   0*000869  g>. 


55*5 

41-8 

18*7 

55*2 

50-8 

4-4 

55-7 

490 

6*7 

55-2 

88*9 

16*8 

55-8 

40-9 

14*9 

56*2 

45*3 

10-9 

55*4 

41-9 

12*5 

Calculating  from  these  formnlft  the  value  of  [a]  for  the  limitt  ^^O  and  f  alOO 
the  following  numbers  are  arriTed  at: — 

Solvent.  Wtof.O.    [«]  fcr  f «  100.         Tdlil 

*^^^^^  Pore  camphor.  Infinite  dnatton.     aUenyoii. 

Acetic  add 

Ethyl  acetate    . 

Ethyl  monochloracetate 

Benzene 

Dimethylaniline 

Wood-spirit       .        .        .        .        .    56*2 

Alcohol     .        .        .        .        .        .    55*4 

The  mean  of  the  values  thus  obtained  for  the  pure  substance  gives  for  the  spedfie 
rotatory  power  of  camphor  at  20^ — 

[o]d  =  56-60  T    0*4«. 

See  also  Montgolfier  (Bull.  8oc.  Chim,  [2],  xxii.  487). 

On  the  movements  of  *Camphor  on  Water  and  other  Liquide,  see  Tomlimon  (Pitt, 
Mag,  [4],  xlvi.  376  ;  ^hwrm.  J,  Tram.  [3],  iv.  654,  672). 

Influence  of  Camphor  on  Vegetation, — ^According  to  A.  Voffel  a.  L,  Baab  (PAora. 
«7.  Ihma.  [8],  iv.  1014),  the  fifrowth  of  many  plants  is  promoted  by  camphor,  wbereu 
on  others  it  exerts  either  a  deleterious  influence  or  none  at  all  It  aoederatee  the 
germination  of  seeds.  A  similar  influence  is  exerted  by  water  oontaining  oil  of 
turpentine. 

Action  of  Heat, — During  the  sublimation  of  camphor,  a  quantity  of  oily  hqjod 
drops  from  the  mass,  resolvable  by  fractional  distillation  into  a  hydzottrban  of  the 
terpene  group,  a  body  having  the  composition  of  a  terpene  hydrate,  C^^H}^),  and  a 
liquid  oil  containing  less  oxygen  than  camphor,  together  with  much  ozdinaiy  camphor 
(Beckett  a.  Wright,  Chem,  8oo,  Jour.  1876,  i.  7). 

Reaction  with  Benzyl  Chloride  and  Zinc-dust. — ^When  camphor  is  heated  widi 
benzyl  chloride  and  zinc-dust,  a  violent  action  takes  place  attenoed  with  eftdiitioii  of 
hydrochloric  acid.  The  product,  when  distilled,  freed  from  hydrochloric  aeid  aad 
water,  and  again  distilled,  yields  a  viscid  mass  enclosing  a  crystalline  aubeteoee^ — nd 
a  liquid  which,  by  repeated  fractionation,  may  be  resolved  into  six  poitioiis  bofliBg 
respectively  at  110*-1 12*»,  151^-152®,  162®-1640, 176*»-178^  189*>-190<aiidlOr»-M?. 
The  first  is  toluene,  C^* ;  the  second  a  hydrocarbon,  C^*H*«  or  C**H>* ;  and  tha  last 
three  are  oxygenated  bodies,  CH"0,  C'»H»H),  C»«B?^.  The  fraction  boiling  at 
162*'-164®  is  probably  a  mixture  (Tommasi,  BuU.  8oc,  Chim,  [2],  xxL  400,  461). 

Conversion  of  Camphor  into  a  Terpene  (J.  Riban,  Awn.  Chim,  Phys.  [6],  vi  878).— 
The  camphor  is  first  converted  into  bomeol,  C'*H*"0,  by  Uie  action  of  addivm 
{\8t  Suppl.  358) ;  the  bomeol  thus  obtained  ([aJD*  +  2*6)  is  transformed,  by  heating 
to  100"  with  fruning  hydrochloric  add,  into  the  hvdrochloride  G**H*'.HG1,  wlndi  Is 
optically  inactive,  resembles  ordinary  terebene  hydrochloride,  melts  in  an  atmospheR 
of  hydrogen  chloride  at  145^,  and  is  decomposed  by  water,  slowly  at  oidinajrr  tan- 
peratures,  quickly  when  heated  to  100°,  with  formation  of  a  hydzoctrboOt  G'V', 
called  by  Kiban,  Borneo  camphene  (see  TxBFiifBs). 

Conversion  of  Terpene  into  Camphor, — ^Terebenthene,  the  Invorotato^  tcfpene 
obtained  from  F^rench  turpentine  oil  (v.  921),  is  oxidised  to  camphor  by  bouing  hibi 
fifteen  hours  with  chromic  add  mixture,  acetic  add  and  a  small  quantity  of  toljfiie 
acid  being  formed  at  the  same  time.  The  camphor  is  purified  bv  distillation  in  a 
current  of  steam,  washing  with  potash-ley,  pressure,  fractional  ^tUlatioB,  and 
sublimation  with  lime  at  100®.  Any  traces  of  the  terpene  that  remain  majba  riwwiiwl 
by  fractional  sublimation,  rejecting  the  first  sublimate ;  if  the  camphor  alfll  Tijaini 
bofUes  of  higher  boiling  point,  it  must  be  dissolved  in  nitric  acid,  nndpitatod  inA 
water,  and  finally  sublimed  with  lime.  The  camphor  thus  obtained  naa  tbe  puagwt 
odour  and  other  properties  of  ordinary  camphor,  but  melts  at  a  somewliat  lower  ' 


perature  (172®  corr.)  and  is  Isevorotatory ;  Ta]p-  — 13*7®.    By  oxidation  with  nitrie 
acid  ft  yields  a  camphoiic  acid,  C^*H>H)^,  'wbka  \«  «i«Q  IsTorotatory ;  Ms"*  — 6-1^, 
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•ad  molto  at  197^-198^  (oorr.) ;  camphoric  acid  from  laurel  camphor  melts  at  187^ 
(oorr.)  (Riban,  loe,  oU.) 

Bromocamphora,  0**H>*BrO  and  0>*H>«BrH)  (Ut  8uppl,  387).— These  cbm- 
poonds  haye  been  further  examined  by  Montgolfier  (Bull.  8oc.  Chim,  [2],  zxiii.  253). 

Monobromo-camphor  is  but  slightly  soluble  in  alcohol,  but  yexy  soluble  in 
chloroform,  carbon  tetrachloride  and  benzene.  It  sublimes  easily.  When  it  is  acted 
on  by  nascent  hydroeen  the  original  camphor  is  regenerated.  This  hydh>^nation  is 
moat  easily  effected  by  a  2  per  cent  sodium-amalffam  in  an  alcoholic  solution. 

Dibromo-camphor  is  most  easUy  prepared  by  heating  1  mol.  of  camphor  and 
4  of  bromine  in  sealed  tubes.  A  large  quantity  of  some  liquid  body  is  proiduced  at 
the  same  time,  so  that  the  dibromo-campfaor  does  not  always  crystallise  immediately. 
It  is  best  to  leaye  the  liquid  at  rest  until  it  solidifies ;  the  yield  is,  howeyer,  small 
under  all  drcumstanees.  This  body  does  not  sublime  appreciably  at  100®.  It  is  less 
soluble  in  alcohol  than  monobromo-camphor,  but  dissolyes  in  the  solyents  before 
mentioned,  and  nresents  generally  the  properties  of  the  mono-brominated  variety. 

The  bromo^eriyatiyes  of  camphor  unite  with  adds  similarly  to  camphor  itself, 
and  a  compound  of  monobromo-camphor  with  hydrobromic  acid  appears  to  be 
obtained  in  the  preparation  of  the  bromo-camphors,  in  the  form  6f  a  yiscous  strongly 
add  liquid,  which,  when  exposed  on  a  capsule,  gives  off  hydrobromic  acid,  while 
monobromo-camphor  cratallises  out 

The  compounds  C'*H**O.Br'  and  0**H^*BrO.Br*  may  also  be  formed;  but  they  are 
very  unstable  and  are  decomposed  during  desiccation. 

On  MonobromthcamphoT,  see  also  Maisch  {Ckem,  Cmtr,  1873,  437;  Ckem.  Soe, 
Jour.  1874,  682). 

&edua  CMunplior.  The  leaves  of  the  marsh  wild  rosemary  (LBdum  paUutre) 
yield,  by  boiling  with  water,  a  volatile  oil  which  soon  becomes  eiystalline  on  exposure 
to  the  air.  The  camphor  thus  obtained  is  almost  insoluble  in  water,  but  dissolves 
readily  in  alcohol,  ether,  and  chloroform,  from  which  solvents  it  separates  in  fine 
prismatic  crystals  which  are  coloured  dark-violet  by  a  drop  of  nitnc  or  sulphuric 
add,  and  yield  oran^-coloured  crystals  when  boiled  with  nitric  add  of  sp.  gr.  1*35. 
Thtj  give  by  analysis  83*4  per  cent,  carbon  and  11*4  hydrogen  from  which  J.  Tropp 
{Jp^-  Chem.  Ge8.  Ber.  viii.  542)  deduces  the  formula  C"H^,  requiring  84  per  cent 
0.  and  12  H.  Wright,  however,  points  out  {Chem.  8oe.  Jour.  1876,  1038)  that  the 
analytical  numbers  agree  better  with  the  more  probable  formula  C'H'K),  which 
requires  83*3  0.  and  11*1  H. 

The  oil  is  converted  by  chlorine  into  a  black  mass. 

Aniie  Camphor.    See  Anethol,  p.  86. 

Inula  Camphor.    See  Intlol. 

Wgtd  Oamplior.  This  camphor,  obtained  from  China,  sublimes  in  well-defined 
crystals  resembling  those  of  bomeol,  with  which  it  is  isomeric.  It  melts  at  204°,  has 
a  sp.  gr.  of  1*02,  and  vapour-density  78*98  (Hsl),  agreeing  with  the  molecular 
formula  C*"H'*0  (calc.  77).  Its  odour  is  very  much  like  that  of  ordinary  camphor, 
but  less  powerful  (S.  Plowman,  Pharm.  J.  Trans.  [3],  iv.  713). 

CAWOmOBSO  AO»,  C'«H>«0« » 0>H«(00*H)<  (Wreden,  Liebig^s  Annalm, 
dxxxvii.  166,  168  ;  compare  2nd  Suppl.  236).  This  acid,  heated  with  hydrochloric  or 
hydriodic  add,  yields  the  hydrocarbons,  tetrahydro-isoxylene,  C*H'S  and  hexhydro- 
iaosylene,  CH*',  se{>arate  or  mixed,  according  to  the  conditions  of  the  experiment. 
The  reactions  by  which  these  bodies  are  formed  are  repreaented  by  the  equations : — 

0'*H"0«  -  C»H»«  +  H»0  +  CO  +  C0« 
0'*H'H)«  «  C»H»«  +  2C0* 

Pure  hexhydroisoxylene  may  be  obtained :  (1).  By  heating  6  grains  of  camphoric 
add  to  280®  in  sealed  tubes  for  about  fifty  hours  with  30  c.c  of  hydriodic  add 
saturated  at  0®,  the  tubes  being  opened  occasionally  to  allow  the  evolved  gases  to 
escape.  The  resulting  oil,  washed,  dried,  and  treated  with  sulphuric  add  at  ordinary 
temperatures^  and  fin^y  heated  with  sodium  to  160®,  boils  constantly  at  116®-120®, 
exhibits  the  composition  C*H**,  and  when  gently  heated  with  twice  its  volume  of  a 
mixture  of  nitric  and  sulphuric  acids  is  converted  into  trinitroisoxylene,  C*H'(NO')'. 

(2).  By  heating  4  grams  of  camphoric  add  to  200®  for  ten  hours  with  8  cc. 
hydriodic  add  of  sp.  gr.  l'7f  washing  the  resulting;  heavy  oil  with  water  a^  again 
heating  it  for  nine  nours  to  200°  with  hydriodic  acid  of  the  same  strength. 

HuLhydroisoxylene,  mixed  with  a  small  quantity  of  the  tetrahydro-compound,  is 
obtained  by  heating  4  grams  of  camphoric  acid  to  130®  with  hydriodic  acid  saturated 
at  0®,  and  treating  the  resulting  heavy  iodated  oil  with  alcoholic  potash. 

Tetrahydroisoxylene,  mixed  with  a  small  quantity  of  the  hezhydxo-eomponnd,  is 
obtained :  (1).  By  heating  camphoric  add  with  hydriodic  acid  of  sp.  gr.  1*7^  as  in  the 
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Becond  method  of  preparing  hexhydro-iBoxyleDe,  using,  however,  a  vmaller  ptoportiai 
of  the  acid,  and  immodiately  treating  the  product  of  the  first  operation  with  aCBoholie 
potash,  instead  of  again  subjecting  it  to  Uie  action  of  hvdriodic  add.  The  pradnet 
thus  obtained  boils  at  119^,  and  has  nearly  the  composition  C^'^ 

(2).  By  heating  7  grams  of  camphoric  acid  to  200®  for  ten  or  twelve  houxs,  with 
about  16  0.C  of  hydrochloric  acid  saturated  at  0®,  washing  the  product  witJi  aqtuom 
sodium  carbonate  and  with  water,  distilling,  and  treating  Uie  distillate  with  aleoholie 
potash,  or  distilling  it  over  lime,  to  remove  chlorine,  and  finally  purifying  it  witii 
sodium.    The  product  thus  obtained  boils  at  118^-122®. 

Tetnihydroisoxylene  is  also  obtained  hj  dry  distillation  of  the  caleiiim  tilt  of 
oxycamphorie  anhydride,  C'*H*^0*  (camphone  acid),  and  by  heating;  the  mneaahprdrids 
with  water  to  180® ;  and  a  hydrocarbon  having  the  same  composition  but  boihog  it 
105®,  is  obtained,  according  to  Moitessier,  by  distillation  of  cupric  eamphafite 
(2nd  Suppl,  235,  236).  That  the  former  hydrocarbon  (b.  ^.  118^-122®)  is  nelly 
tetrahydroisozylene  is  shown  by  the  fact  that  when  oxidised  with  chromic  amdnixtne 
it  yields  isof^thalic  acid  together  with  acetic  and  isotoluic  acids,  the  same  prodnets 
that  are  obtained  by  oxidation  of  isoxylene. 

The  formation  of  tetrahydro-isoxjlene  by  the  action  of  HI  or  HCl  on  camphone 
acid  is  preceded  by  the  conversion  of  that  add  into  the  optically  inactive  vniily, 
meMcam^horio  aoia  (2nd  Suppl.  235):  hence  it  appears  probable  that  inaetm 
camphone  acid  is  the  dicarbon-acid  of  tetrahydro-isoxylene,  and  that  the  ozdmiiy 
dextrogyrate  add  stands  in  the  same  relation  to  the  isomeric  hydrocarbon  (^B}* 
boiling  at  105®  (Wreden). 

OABKVBOBOarZO  AOZB,  C*H"0*  (Kachler,  Deui.  Chem.  Chi.  Bet.  fiL  1728). 
This  add,  produced,  together  with  camphoric  add,  by  oxidising  camphor  with  sitae 
acid  (2m2  auppL  237),  may  be  separated  from  the  resulting  solution — after  evapni- 
tion,  to  remove  as  much  as  possible  of  the  excess  of  nitric  acid — by  sn^er-eatuzitiog 
with  ammonia,  adding  banum  chloride,  and  boiling  the  filtered  solution.  BeriiiB 
camphoxonate  then  separates  as  a  heavy  sandy  precipitate,  which  may  be  deoompond 
by  (ulute  sulphuric  acid,  the  solution  agitated  with  ether,  and  the  ethereal  aouitioii 
evaporated.  A  syrupy  mass  is  thus  obtained  which,  when  dissolved  in  water  and 
slowly  evaporated,  wiui  addition  of  a  few  drops  of  nitric  add,  yields  camphoroaie 
acid  in  the  crystalline  state.  The  filtrate  from  the  barium  salt,  when  pceapitafced  bj 
sulphuric  acid  and  agitated  with  ether,  yields  camphoric  add  as  a  thicc  spvp,  which 
soon  crystallises.  The  solution  from  which  the  barium  has  been  preciptated»  how- 
ever, still  contains  another  add,  which  may  be  obtained  by  neutralising  the 
solution  with  ammonia,  concentrating  by  evaporation,  and  after  separating  the 
ammonium  sulphate  and  chloride  which  crystallise  out,  precipitating  with  eeprie 
acetate.  The  bluish-green  predpitate,  when  decomposed  by  hydrogen  sulphide,  viudi 
an  acid,  CH'^0',  which  crystallises  in  large,  colourless  prisms,  mdting  at  164*6  » and 
easily  soluble  in  water. 

OAXTWUkMXDMB.    According  to  H.  Pocklington  {Pharm.  J.  TWnm.  \%\  m. 

681)  the  extracts  obtained  by  treating  cantharides  with  alcohol,  ether,  and  eerboa 
sulphide,  exhibit  absorption-spectra  agreeing  with  that  of  chlorophyll,  whence  it  if 
prooable  that  the  colouring  matter  of  cantharides  is  derived  from  the  plants  on  winch 
they  feed. 

Cantharidin^  the  active  prindple  of  cantharides,  is  commonly  said  not  to  volati- 
lise with  vapour  of  water  (i.  736).  According  to  E.  Bennard  however  (CKsm.  €mir. 
1872,  568),  a  considerable  portion  of  it  passes  over  on  distillation  with  water;  hot 
old  samples  of  cantharides,  sometimes  yield  no  cantharidin  when  thus  treated. 
Cantharidin  also  volatilises  with  vapour  of  chloroform.  The  aqueous  distillate  d 
cantharides  contains  an  animal  oil  of  low  boiling  point. 

The  solubility  of  cantharidin  in  various  liquids  has  been  determined  by  Remiaid 

with  the  following  results : 

Pec  cent,  of  oaiitharidln 
diaeolvsd. 

Boiling  water 0-290-0-297 

Ck>ld  water 0020 

Boiling  alcohol 2  030-2168 

Ck>ld  alcohol 0*127 

Boiling  benzin 3*38 

Coldl^nzin 0*51 

Hot  hydrochloric  acid  (sp.  gr.  1*17)  0*8 

„  MM  ...  0*187 

On  the  decomposition  of  CSantharidin  in  Cantharides,  see  R  WolfiT  {Arch.  Pkaruu 
f3J,  X.  22;  Chm.  Soc.  J.  IftH,  \.  m\ 
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eaOUTOSOVO.  Density,— Acooidmg  to  E.  Poschl  {Chem.  Centr.  1875,  146), 
the  density  of  caoutchouc  attains  a  minimum  at  a  certain  temperature,  which  is  lower 
as  the  mechanical  stretching  of  the  caoutchouc  is  greater. 

Dry  DistUkUum.—'Boxichaxdht  (Bull.  8oe.  Ckim.  [2],  xziv.  108)  has  made  further 
experiments  on  the  distillation  of  caoutchouc  (compare  voL  i  p.  739).  Five  kilograms 
of  new  caoutchoTio  yielded  260  grams  of  isoprene,  OH* ;  2000  grams  of  caoutchin, 
C'«H'*,  volatile  at  176^-180^;  and  600  grams  of  heyeene,  C"fl*\  volatUe  at  266^- 
266®.  There  remained  other  less  volatile  products,  less  and  less  fluid,  some  distilling 
below  S60^,  amonff  which  wiis  probably  the  carbide,  0*H'S  and  others  which  decom- 
poaed  bv  heat  and  produced  tne  preceding  carbides.  Caoutchouc  may  therefore  be 
regarded  ss  a  hydrocarbon  nC^H*,  resolvable  by  heat  into  a  series  of  lower  poly- 
merides. 

Caoutchin,  washed  with  slightly  acidulated  water  and  rectified  repeatedly  from 
sodium,  is  a  volatile  liquid  distiUing  at  177^-179^.  Its  density  is  0*866  at  0^ 
and  0*842  at  20*^.  In  odour  and  many  other  properties  it  bears  a  strong  resembhmce 
to  turpentine,  especially  in  absorbing  and  combming  with  hydrochloric  acid.  Ck>n- 
centrated  sulphuric  acid  modifies  it,  and  produces  a  certain  quantity  of  ^mene, 
G^H^^  but  Uie  Itfger  part  is  converted  mto  polymeric  hydrocarbons,  C"H**  and 
C^H",  the  latter  by  d^  distillation  reproducing  a  terpene,  0>*H*'.  No  terebene 
appears  to  be  formed  by  the  action  of  sulphuric  acid,  as  the  most  volatile  of  the  pro- 
ducts does  not  boil  below  173^  (compare  L  736). 

OAVSLaUUtXTT.  On  the  Mathematical  theory  of  Capillarity,  see  Boger 
{Qnnpt,  rend,  Izxvi.  816) :  Lasswits  (i^^.  'AfM,  Ergons,  ri.  441-477). 

On  the  Ifovement  of  Liquids  in  Capulary  Tubes,  see  Decharme  {Ann,  CHm.  Phys, 
[4],  xxvii.  288 ;  [6],  i.  6-99  and  818-342  ;  Compt,  rend,  Izzvii.  691 ;  Izxix.  462). 

On  the  £fflux  or  Liquids  from  Capillary  Tubes,  and  the  influence  of  Temperature 
thereon,  see  Ghi^ut  \Compt,  reiuL  IxzviiL  361 ;  Izxiz.  1201 ;  Jahreeb,  j,  Chem, 
1874,  84;  Chem,  8oe,  «71  1876,  i.  329);  also  Baumgartner  {Pogg,  Ann,  diii.  44; 
Jakreeb,  1874,  86). 

On  the  Cooling  Effects  produced  by  Capillarity :  Decharme  (Compt,  rend.  Ixxvii. 
998,  1167;  Ann,  CJUm,  Pkya,  [6],  iii.  236-267;  Jahreeb.  1873,  22;  1874,  26;  Chem. 
Soo.  J,  1874,  pp.  118,  219). 

On  the  relations  between  Capillary  and  Electric  Phenomena :  Becquerel  (Coftwt, 
rend,  IzxvL  1037;  Izxix.  82 ;  C%em,  Sbe.  J,  1873,  p.  1186;  1874,  p.  1126);  further 
{Compt, rend,  Ixxz.  411,  686 ;  Jahreeb,/,  Chem,  1876, 102) ;  also  Lippmann  (Pogg*  Ann, 
ezlix.  646 ;  PhU.  Mag.  [4],  xlvii.  281 ;  Campt,  rend,  Ixxvi.  1407 ;  Chem,  800.  J, 
1878,  p.  1094) ;  further  {Ann,  Chim.  Phya.  [6],  v.  494;  Jahreeb,/,  Chem,  1876,  106). 

CAVBOXO  AOZB.  CH^K)'.  The  following  Uble  (p.  378)  exhibits  a  comparison 
of  the  properties  (1)  of  ordinary  caproic  acid,  prepared  from  the  cyanide  of  fermen- 
tation amyl  alooW  (i.  743);  (2)  of  normal  caproic  acid  from  normal  em^l 
cyanide  {2nd  8t^pfl,  260)  ;  and  (3)  of  the  caproic  acid  contained  in  the  crude  butyric 
acid  of  fermentation  {U)id,  261): — 

From  the  data  in  this  table  Lieben  infers  that  fermentation  caproic  add  is  in  all 
probability  identical  with  the  normal  add.  He  observes  also  that  the  caldimi  salts 
of  all  the  normal  fatty  acids  (except  formic  acid)  contain  one  molecule  of  crys- 
tallisation-water.* 

Kottal  describes  also  the  strontium  salt  of  fermentation  caproic  add, 
8r(G^**0*)*+8H*0,  as  forming  crystalline  lamine  haying  a  solubility  of  8'9  at 
24^  (in  the  sense  of  footnote,  p.  378);  also  the  cadmium  salt,  Cd(C*H"0*)<  +  2HH), 
having  a  solubi^ty  of  0*96  at  28*6°,  and  the  due  salt,  Zn(C*H"0^<  +  H'O,  which  forms 
indistinct  crystals  having  a  solubility  of  1*03  at  24*6^. 

Secent  observations  on  the  properties  of  normal  caproic  add  and  its  salts  by 
Lieben  a.  Janecek  {LM^e  Annalen,  dxxxvii.  126 ;  Chem.  80c,  J.  1877,  ii.  879)  sgree 
very  nearly  with  those  of  Lieben  a.  Koesi. 

For  the  solubility  of  the  caldum  and  barium  salts,  Lieben  a.  Janecek  give  numbers 
somewhat  different  from  those  found  by  Kottal  and  by  Grillone,  viz.,  for  the  caldum 
salt,  Ga(C«H"0')'+H*0,  2*86  per  cent,  of  the  anhydrous  salt  at  12<>,  and  for  the 
barium  salt,  Ba(C«H»»0*)*,  12  per  cent,  at  11*6^ 

Normal  Caproio  aldehyde^  C*H*^C0.H,  prepared  by  the  dry  distillation  of 
10  pts.  of  calcium  caproate  and  7i  pts.  of  caldum  formate,  forms,  when  pure,  a  limpid 
colourless  liquid  with  the  characteristic  aldehyde  odour,  boiling  at  127*9°  undera  pres- 
waxt  of  737*6  mm.,  and  having  a  sp.  gr.  of  0*8498  at  0**,  of  0*8386  at  20'',  and  of 
0-8208  at  40®.  With  sodium  bisulphite  it  yidds  a  white  crystalline  mass.  It  is 
readily  oxidised,  and  as  readily  polymerised. 

*  The  only  known  exception  to  this  Uw  is  presented  by  the  caldom  salt  of  fermentation  butyric 
■eki,  which,  aoooidiog  to  Linnemann  {LUbig'i  Annalen^  olx.  196),  crystalUset:  with  2H'0. 
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Free  acid 


Ethylic 
ether 


Calcium 
salt 


Barium 
salt 


Ordinary  Caproio  acid 

BoilB  at  1997''  (bar. 
732  mm.)  Slightly 
optically  active  (Lie- 
ben  a.  Kossi,  Liebi^a 
Atmalen,  cIxt.  118). 


Boils  at  160*4<>  (corr. 

2-6**)  (bar.  737  mm.) 
Sp.  gr.*«  0-887  at  0°; 

0-8705  at  20'>;  0-8566 

at   40^    (Lieben    a 

Boesi,  loo,  cit.) 


Ca(C«H»0«)«  +  3H20 

Solubilityt  at    18  5*" 

=  11*3;    greater  at 

higher  temperatures. 


Ba(C«H»»0«)«  +  2H»0 
Solubility  at  18*5''- 
34*65  ;  less  at  higher 
temperatures     (lie- 
ben a  Rossi). 


Normal  Caproio  aoid 

Boils  at  204-6°-205'd*' 
(bar.  7385  mm.) 

Sp.gr.  =0-9449  at  0**; 
0*9294  at  20<»; 
0-9172  at  40° ; 
0-8947  at  99°  (Lie- 
ben a.  Bossi,  Gasg, 
cMm.  ital,  iii.  27). 


Boils  at  165-5<»-166'' 
(corr.  3-1°)  (bar. 
735-8  mm.) 

Sp.  gr.  a  0-8898  at 
0°;  0-8732  at  20°; 
0-8594  at  40°  (Lie- 
ben a.  Bossi,  loo.  oii,) 


Cd(C«H"0«)«  +  HK) 
Solubility     at     18*5° 
=  2*70 ;      somewhat 
greater  at  the  boil- 
ing heat. 


Ba(C«H"0«)* 

Solubility  at  18*5° « 
8*49 :  considerably 
greater*  at  higher 
temperatures  (Lie- 
ben a.  Bossi). 


FormeniaHim  O^nk 
add 

BoilB   at   206"*   (bu. 

746  mm.) 
Sp.  gr.»  0-9488  at  0<*; 

0*928  at  20°;  0^164 

at   40°. 

inactiTB 

Lidfigi'o 

clzx.  89). 


Boils  at  166-9°-li7'l° 

(corr.  8'6)  (bar.  7S8 

mm.) 
Sp.  gr.- 0-8898  at  0°; 

0*8728       at      20°; 

0*8596  at  40°  (Lit- 

ben,  loo,  eit,) 


Ca(0^»0«)*  +  HH) 
Solubility  at  2^- 
22°*- 4-4  rOrilkne, 
jAeb.Ann,axr,  127). 
SolubiU^  at  l9-6°a 
2*78  (Kottal,  IM. 
Ann,  dxx.  95). 


Ba(0«H»0«)» 
SolubiUty     at     21°- 

22<>k»8'8(6riUone) 
Ba(C«H»0»)*  +  8H^ 
Solubili^  at   19*5°- 

2-75  (Kottal). 


*  The  spedflo  grayitles  an  irfeiied  to  water  of  equal  temperature, 
t  These  numb^  denote  the  quantity  of  anhydroos  salt  contained  in  100  pta.  of  adlntioin 
at  the  tempenttore  spedlled. 

Caproone  or  Bipentyl  Ketone,  CO(CH")*,  found  amongst  the  higher-boitiiig 
fractions  of  the  crude  aldehyde,  is,  after  purification,  a  white  ciystalline  body  melting 
ac  U-O""  and  boiling  at  226*8°  at  a  pressure  of  740  mm.,  whilst  its  sp.  gr.  at  20°  is 
0-8262,  and  at  40°  is  0-8159.    Its  vapour-density  is  5*98. 

E.  Schmidt  found  a  caproone  from  a  similar  source  to  boil  at  220°-22l°,  and  to 
have  a  sp.  gr.  of  0*822  at  20°  {Chem.  Soc,  J,  1872,  892).  The  caproone  obtunedbj 
Brazier  and  Gossleth  (i.  744)  boiled  at  165°,  and  must  havd  been  entivelT  dissimilar. 
Caproone  is  not  acted  on  by  sodium  bisulphite  solution ;  it  forms  substitntion-prodneli 
with  bromine,  and,  when  oxidised  with  bichromate,  decomposes  rexy  slowly,  yielding 
principally  yaleric  acid  and  carbonic  anhydride,  with  traces  of  butyric  acid  (Lieben 
a.  Janecek). 

Zsoeaproie  or  XMetbaeetle  Aeid«  CH(OH«)>.C0%  Ethvlic  diethoxalate 
(It.  273)  treated  with  phosphorus  pentachloride,  yields  the  ethylic  ether  of  chloriso- 
caproicacid: 

CO(0«H»)H 

I  +  POl*  «  Pa»0  +  HCl  +  (C»H»)«0CLCO«O«H* 

COOC^H* 

which  by  reduction  with  sodium-am&Igam  is  converted  into  isocaproic  acid. 

Chlorisocaproic  ether  is  resolved  by  distillation  into  hydrochloric  acid  and  ethyl- 
crotonic  ether,  C«H«(C*H»)O.O0«H» : 

C»H>»C10.0C«H»  -  HCl  +   C«H»O.OC»H»; 

and  the  ethyl- crotonio  ether,  treated  with  sodium-amalgam,  takes  up  2  at.  bydvogeii 
and  is  converted  into  isocaproic  ether,  C*H**d.OC^\  which  by  saponificatloo  yields 
isocaproic  acid.  Both  processes  yield  at  the  same  time  ethyl-crotonic  add,  wliieh  Iwils 
at  nearly  the  same  temperature  as  isocaproic  acid,  and  is  therefore  difllciilt  to 
separate. 
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Ethjl-crotoiuo  acid  unitea  with  hrominSt  forming  dibromifloeaproie  acid,  OH^'Bi'O', 
which  ii  czTttalUne  and  melts  at  177**  (Drolja^gin,  Dsut,  Chem.  Ges.  Ber.  yi.  1175). 

atHodlmetluMette  Aeid«^^|G(C^H*).GO'H.    This  is  another  isomeride  of 

eaproie  acid,  the  nitiil  of  which  is  formed  by  the  action  of  potassio-mercnrio  Cjranide, 
2KCy.HgCy«,  on  ethyl-dimethyl-carbinyl  cyanide,  (CH«)«C(C»H*).CN.  The  crude 
product  of  the  reaction  boils  between  130^  and  190^,  and  yields,  by  repeated  finctional 
distillation,  a  portion  which  boils  at  130®  and  solidifies  in  a  miztore  of  ice  and  salt ; 
and  this,  which  is  the  pure  nitril,  is  conyerted,  by  heating  with  faming  hydrochloric 
add,  into  ethodimethacedc  add,  which  boils  at  187^,  and  crystallises  at  —14®.  Its 
barimm  salt,  (G^*>0')'Ba+5H*0,  crystallises  in  large  scales  (Wishnegradsky,  DetU, 
€%em,  Oe$,  Ber,  yii.  730). 


0>H**0^  The  identity,  first  pointed  oat  by  Zincko 
(\Bt  8uppl,  896)  of  the  8-carbon  &tty  adds  prejpared :  (1)  by  saponification  of  cocoa- 
nut  oil,  and  (2)  by  oaddation  of  octyl  alcohol  from  Heracleum  oil  (ootjlic  add),  has 
been  confirmed  by  the  experiments  of  J.  yan  Benesse  (LieWa  ^ntuUin,  dzxi.  880), 
who  giyes  the  following  comparison  of  the  properties  of  the  adds  from  these  two  sources 
and  of  some  of  their  nits : — 


Oetplieaeid 

Capn/lie  aoid 

C"H*«0« 

Boils  between  285®  and  238®, 

Boils  between  286®  and  287^ 

under  757*8  mm.  pressure ; 
melt8atl6<'tol7^ 

under  761*7  mm.  pressure; 

melts  at  16®  to  16*6®. 

C»H».C«H»H)« 

Boils  between  207''  and  208®, 

Boils  between  207*'  and208<'. 

under  763*2®  mm.  pressure. 

under  763*1  mm.  pressure. 

Sp.  gr.  at  0®-  0*8866;  at 

Sp.  gr.  at  0°  «  0  8871 ;  at 

16®  =  0-8732. 

lO**  «  0*8730. 

Ba(C>H»»0»)« 

Cnrstallises  in  small  anhy- 
drous plates;  100  parts  of 

Gzystallises  in  small  anhy- 

curous  plates ;  100  parts  of 
water  cUssolye  0*6204  of  salt 

wat^r    dissolye    0*6101    of 

salt  at  20®. 

at  20®. 

Ca(0»H»»0«)«.HK) 

Water  lost  at  180®. 

Water  lost  at  130®. 

Zn(C»H»»0*)» 

Fine     anhydrous     crystals, 

Fine  anhydrous  plates,  melt- 

melting at  136®. 

ing  between  136''  and  136*'. 

As  the  octyl  alcohol  of  Heradeum  oil  is  the  isoprimaiy  alcohol  {2nd  Suppl.  868), 
the  caprylic  acid  formed  from  it  must  haye  the  constitution  (CH*)* — (CH')Oc;00H. 

Derivatives  of  Caprylie  Acid, 

JkmldoMprylto  Aaid,  C"H>'NO>»  OH»(NH>)0<  (Erlenmeyer  a.  Sigel,  LUbi^a 
Ammaiem,  dxxyi.  841).  This  add  is  formed  by  treating  normal  heptaldehyde-ammoma, 
CH>«O.NH*  or  CrH*HNH>).OH  (oenanthol-ammonia),  with  hydrocyanic  add,  boiling 
the  rwulting  cyanide,  C'H*XKH').CN,  with  hydrochloric  add,  and  decomposing  the 
dikrinated  acid  (amidocaprrlie  hydrochloride)  thereby  produced  with  ammonia.  The 
suecenye  steps  of  the  reaction  may  be  indicated  by  the  following  equations : 

CNH  =  HH)  +  HONH» 


QfinsnthOl* 


flCNH* 


i 


AmMocaprylo- 
nitrlL 

+  2BP0  +   2HC1  -  NH«C1  +  HC— NH'Cl 

COOH 

Axnidooqnylio 
tgrdroohloxlde. 

+  NH»  •  NHKn  +   HC— XH« 

u 

Amidocaprylic  aoid. 


I 
HC— NH»a 


OOH 
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The  amido-acidfl  (glycocines)  of  the  fatty  aeriei,  to  iriiioh  >inMoc*^Tj1ie  uid 
belongs,  are  usually  represented  by  the  general  formula  OH^-*-' — G^CNH*)— 0001; 
but  tliis  formula  does  not  easily  account  for  their  property  of  uniting  with  Midi  m 
well  as  with  bases.  Hence  Erlenmeyer  a.  Sisel  propose  to  repreMOt  them  by  tfat 
general  formula  OH'-^+i — OH — NH*,  of  which  that  abo?6  given  for  amidoeaurlic 

1-000-: 
acid  is  an  example.    This  formula  easily  explains  the  combination  of  the  mdwik 
with  an  acid,  HOI  for  example,  by  the  attadunent  of  01  to  the  groap  NH",  of  Hto 
000,  and  the  severing  of  the  link  between  0  and  N.    The  formnla  thus  ilUfid 
represents  an  ordinary  acid  containing  the  carboxyl  group,  vis.  OH^'*'* — GH— NffCl 

GOGH 

Amidocaprylic  acid  crystallises  in  white  lamina  having  a  mother-of-peazl  taiKR, 
veiy  slightly  soluble  in  adoohol,  ether,  and  cold  water,  suuble  in  160-180  pnli  k 
hot  water.  The  solution  is  perfectly  neutral  to  vegetable  eoloure.  ^le  wad,  ^a 
carefully  heated  on  platinum  foil,  voJatilises  completely  without  previous  fuaan. 

Salts    of   Amidocaprylic   acid.— The    J^droeklaride,  C*H»«— GH<q^ 

separates  on  cooling  from  a  solution  of  amidocaprylic  acid  in  hot  dilute  hjdrodUe 
acid,  in  broad  needles,  but  on  evaporation  of  a  solution  propared  in  the  cold  cm 
sulphuric  acid,  in  asbestos-like  needles.  In  both  cases  the  crjrstala  have  a  silky  hitn, 
which  thoy  retain  in  diy  air ;  in  moist  air  they  become  dull,  and  give  off  hjdroeUonc 

acid. 

Amidocaprylic  Nitrate,  0*H>' — ^^^COOH       '  P'^P'^'^  ^J  cooling  a  warm  soU- 

tion  of  amidocaprylic  acid  in  nitric  acid,  forms  slender  needles.  By  slow  evaponlioi 
of  a  cold  solution  over  sulphuric  acid,  large  well-formed  crfstals  of  the  trielinie  tflUm 
are  obtained.  The  nitrate  contains  no  water  of  czystallisatioa,  and  keeps  its  briUkaef 
in  dry  air. 

AnUdoctmrj/lic  Sulphate,  (0*H"NO^)'.SO*H',  separates  out  on  evaporating  a  soh- 
tiua  of  amidocaprylic  add  in  dilute  sulphuric  acid  in  a  desiccator,  in  the  form  of  fav- 
sided  tables,  which  cannot  easily  be  freed  from  adhering  sulphuric  acid,  since  the  mti 
is  veiy  readily  decomposed  by  water. 

Cupric  AmidocapAflate,  (0*H»NO')H>i  «  0«H".^H— NH't!n',    U    nbtained  I7 

LCOO-' 

mixing  a  boiling  solution  of  the  acid  with  cupric  chloride. 

An&idoeaprjlonitrU*  G^R^^^s-^Onsy^^CK^C^,  is  formed,  together  vtt 

imidocapiylonitril,  0*'H*'N',  by  the  action  of  hydrocyanic  acid  on  cBnanthol-amnaaa 
To  prepare  it,  90  grams  of  osnanthol-ammonia  and  120  grams  of  hydrocyanic  add  {ft 
per  cent.)  are  shaken  up  in  a  well-stoppered  vessel  till  Uie  temperatnra  ccasss  to  nm 
whereupon  the  liquid  separates  into  two  layers.  After  pouring  off  the  aqoeons  byw. 
al)out  150  grams  of  hydrochloric  acid  (5  per  cent.)  are  added,  and  after  shaking  d» 
liquid  and  leaving  it  to  clarify,  the  hydroichloric  acid  solution  is  ponred  off  fresi  Ihi 
oily  layer,  and  the  latter  is  again  treated  with  about  100  grains  of  acid.  The  nadiaiolvid 
oil  is  the  pure  imidonitril.  The  acid  solution  also  still  contains  some  of  this  nitxil,  wlkh 
is  extracted  by  ether.  The  solution  is  next  exactly  neutralised  with  ammonia*  wte 
the  amidonitril  separates  as  a  yellowish  oil.  This  oil  is  dissolved  in  ether;  thi 
solution  is  dehydrated  by  caldum  chloride ;  hydrochloric  acid  oas  is  paesed  into  the 
anhydrous  liquid ;  and  the  crystalline  precipitate  obtained  is  Wered  off  and  wasM 
with  absolute  etlior.  When  ropurified  by  solution  in  alcohd  and  predpitatioa  wkk 
absolute  ether,  the  hydrookloride  of  amidooaprylonitril  is  obtained  in  crystals,  ftoa 
whi:h.  when  exactly  neutralised  with  ammonia,  the  puro  amidonitril  separates.  Tkii 
nitril  is  an  almost  colourless  oil,  which  has  a  peculiar  somewhat  sharo  smell,  sal 
solidifies  at  —6°  to  —6^,  but  liquefies  afterwards  at  0^.  It  is  miscible  m  all  pnp^ 
tions  with  alcohol  and  ether,  but  is  almost  insoluble  in  water.  It  dissolves  perfectly  ia 
very  dilute  hydrochloric  acid,  but  loses  this  property  on  keeping,  because  it  beeoMs 
cliauged,  with  loss  of  ammonia,  into  the  imidonitril. 

X'HK^l 
The  Ae^efrocA^r/c/r,  0"H*«N-.HC1  =  C'H>^1  ,  crystaUises  in    wlute  satii7. 

XhzNH 
bix-sided  plates,  easily  soluble  in  water  and  in  alcohol,  insoluble  in  ahsolnte  sths; 
very  slip;htlv  soluble  in  strong  hydrochloric  acid.  The  fUUiHccUeniik 
2(0*H>^N^HGl}.Fta\  sepHrates  on  adding  platinic  chloride  to  a  solution  of  thi 
hydrochloride,  in  shining  yellow  plates,  nearlv  insoluble  in  water,  easily  soluhls  is 
ajcobol  and  in  a  mixture  oi'  aVcoVvol  'and  q\\\«t,  \ivimI>]l\>1«  \\x  vLlmlalta  sthsr. 
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The  hydroehloride,  boiled  with  hydrochlorie  acid  (sp.  gr.  1*10),  is  completely  con- 
rated  into  amidocaprylic  hydrochloride.  When  hycbochloric  acid  ma  is  passed  to 
latoration  into  an  aqueoos  solution  of  amidocaprylonitril  hydrochloride,  toith  constant 
eooling,  almost  the  whole  of  the  dissolved  salt  separates  without  change  in  the  ays- 
talline  form ;  bnt  if  the  yessel  is  dipped  only  from  ime  to  time  into  cold  water,  a 
precipitate  is  formed  consisting  of  a  mixture  of  the  h^rdrochlorides  of  amidocaprylo- 
nitril and  amidocaprylamide.  If  the  hydrochloric  acid  gas  is  passed  into  the  uquid 
without  cooling,  gpreat  heat  is  evolyed,  and  the  separation  of  ciystals  does  not  take 
place  till  the  liquid  has  attained  its  highest  temperature. 

AmldocBpryUmilde,  C»fl"N«0  =.  C'H»XNH«V-COONH«.  To  separate  this 
base,  the  hydrochloride,  obtained  as  just  describea,  is  freed  from  the  mother-liquor 
miA  recrystallised  from  boiling  alcohol.  A  cold  saturated  solution  of  the  salt  is  tnen 
mixed  with  ammonia  and  shaken  up  with  ether.  After  evaporation  of  the  ether,  a 
eolourless  syrup  is  left,  which  has  a  strong  alkaline  reaction,  and  gradually  cmtal- 
liaes.  The  base  is  so  difficult  to  prepare  free  from  carbonate  that  its  properties  in 
the  free  state  have  not  been  examined. 

The  hydrochloride,  0*H*'NH).HC1,  prepared  as  above,  crystallises  in  small,  bril- 
liant,  flat  prisms,  which  are  more  soluble  in  water  and  alcohol  when  hot  than  when 
eold.  It  is  precipitated  from  its  solution  by  hydrochloric  acid.  The  plaiinochloride, 
2(C*H"NK).HC1).RC1«,  is  precipitated  from  a  solution  of  the  hydrochloride  on  addition 
of  a  neutral  solution  of  platinum  chloride,  in  four-sided  plates  with  truncated  summits, 
which  dissolve  sparingly  in  water  but  are  more  easily  soluble  in  alcohol. 

Carbonate  of  Amidoeojfrylamide, — ^Attempts  were  made  to  prepare  this  salt  — 
(1)  by  passing  carbon  dioxide  into  an  aqueous  solution  of  the  free  base ;  (2)  by  mixing 
a  saturated  sdution  of  hydrochloride  of  amidocaprylamide  with  sodium  bicarbonate ; 
(8^  by  mixing  the  solution  with  sodium  monocarbonate.  The  results  obtained  in  these 
reactions  gave,  as  the  approximate  formula  of  the  body  (G*H*'N'0)KX)'.  The  salt 
obtained  is  therefore  not  a  regular  carbonate  of  the  amido-amide,  since  it  wants  a  mole- 
cule of  water,  the  elements  of  which  must  have  been  separated  during  its  formation. 

When  this  salt  is  mixed  with  a  solution  of  barium  chloride  at  ordinary  temperature, 
hard,  warty,  ciystalline  bodies  separate  after  a  time,  and  stick  to  the  sides  of  the 
vemel.  If  the  solutions  are  heated  on  the  water-bath,  or  boiled,  pure  barium  carbonate 
is  thrown  down.    The  crystalline  precipitate  appears  to  be  the  barium  salt  of  eapryl' 

amidimidocarhonicacid,(?W'^*0^,QT(yiS}*—G&<(^^Q^,  which  is   produced 

simultaneously  with  the  hydrochloride  of  amidocaprylamide.  The  compound  formed 
by  the  action  of  carbon  dioxide  or  sodium  carbonate  on  amidocaprylamide,  is  the 
amidocaprylamide  salt  of  this  add,  C>H*«NK)*  +  C*H»NH)  »  C>'H*'NK)«.  On  heating 
tfiis  salt  with  caustic  potash  on  the  water-bath,  it  splits  up  into  potassium  carbonate, 
ammonia,  and  amidooapivlic  add.  In  like  manner,  the  hydrochloride  of  amido- 
caprylamide, heated  witn  hydrochloric  add,  splits  up  into  the  hydrochloride  of  amido- 
capirlic  add  and  sal-ammoniac,  so  that  a  progressive  change  takes  place  from  the 
amidonitril  through  the  amide  into  the  amido-acid. 

ZmldoMprjlonitm*  C»«H»N«  =  ^q^  CH— NH-  0H<^".    When     the 

product  of  the  action  of  hydrocyanic  acid  on  osnanthol-ammonia  (p.  880)  is  treated 
with  dilute  hydrochloric  add,  anudocapiylonitril  is  dissolved,  and  imidocapiylonitril 
remains  in  the  form  of  a  thick  colourless  oil,  which  crystallises  between  6^  and  6°, 
dissolves  easily  in  alcohol  and  ether,  very  sparingly  in  water  and  in  dilute  hydro- 
chloric acid.  It  is  decomposed  by  boiling  with  silver  nitrate,  yielding  silver  cvanide 
and  oBnanthoL  On  heating  it  for  half  an  hour  with  16  parts  of  hydrochloric  aad  in  a 
vessel  with  vertical  condenser,  and  then  distilling,  formic  acid,  hydrocyanic  add,  and 
osnanthol  pass  over,  while  amidocapiylic  add  remains  behind.  With  fuming  hydro- 
chloric acid  at  106^  it  yields  the  same  products,  with  the  exception  of  hydrocyanic 
add.  With  the  same  add  at  the  temperature  of  the  water-bath,  the  products  are 
imidocapryUe  add  and  inUdocapryiimidet  separable  by  boiling  with  sodium  carbonate, 
which  mssolves  only  the  former. 

C«H".CH.CO.OH 
Xmldooapiylie  aeld«  C<*H**NO^  =:  NH  ,  is  a  white  tasteless  powder, 

C«H".CH.CO.OH 
which  becomes  pasty  at  180°,  brown  at  1 80^-1 90^  and  melts  with  decomposition 
between  210°  and  216°.  When  boiled  with  hydrochloric  add  of  the  strength  of  20 
per  cent,  it  dissolves  without  decompomtion,  and  the  solution  on  cooling  deposits 
brilliant  needle-shaped  crystals  cf  the  nydrochloride  of  imidocapiylic  add ;  but  when 
liflftted  to  180°  with  hydrochloric  add  of  40  per  cent  it  is  resolved  into  amidocaprylic 
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The  amido-acidfl  (glyoodnes)  of  the  &tty  series,  to  which  amiAocmpiyMe  add 
belongs,  are  usually  represented  by  the  general  formula  OH*''*'* — (XE[(NHy--O00H; 
but  this  formula  does  not  easily  account  for  their  property  of  uniting  witn  adds  •• 
well  as  with  bases.  Hence  Erlenmeyer  a.  Siffel  propose  to  repreMot  them  hy  tht 
general  formula  OH^+* — OH — NH*,  of  which  that  abore  given  for  amidoemrlie 

LCOO- 
acid  is  an  example.    This  formula  easily  explains  the  combination  of  the  molacBle 
with  an  acid,  HCl  for  example,  by  the  atta<3iment  of  CI  to  the  groap  NH",  of  H  to 
COO,  and  the  severing  of  the  link  between  O  and  N.    The  formula  thus  altsnd 
represents  an  ordinary  acid  containing  the  carboxyl  group,  viz.  0"H^^* — OH— NSPCl 

OOOH 

Amidocaprylic  acid  crystallises  in  white  laminss  having  a  motheiHif-paiiri  Imtn, 
veiy  slightly  soluble  in  dcohol,  ether,  and  cold  water,  solublo  in  150->180  pnti  of 
hot  water.  The  solution  is  perfectly  neutral  to  vegetable  oolouzs.  The  aeid,  whm 
carefully  heated  on  platinum  foil,  voJatilises  completely  without  previoiu  Anion. 

Salts    of  Amidocaprylic   acid.— The    kydrooklondB,  0^»«— OH^§J 

separates  on  cooling  from  a  solution  of  amidocaprylic  add  in  hot  dilute  hydioddoiie 
acid,  in  broad  needles,  but  on  evaporation  of  a  solution  prepared  in  the  eold  onr 
sulphuric  acid,  in  asbestoe-like  needles.  In  both  cases  the  crystals  hare  a  silky  Imtn^ 
which  they  retain  in  diy  air ;  in  moist  air  they  become  dull,  and  give  off  hydiocUone 
acid. 

Jmdooaprylic  Nitrate,  CH** — ^^^COOH       *  P'^P^^'^  ^  cooling  a  warm  iqIb* 

tion  of  amidocaprylic  acid  in  nitric  acid,  forms  slender  needles.  By  alow  evapocatim 
of  a  cold  solution  over  sulphuric  acid,  large  well-formed  crystals  of  the  tzidime  Q[ifemi 
are  obtained.  The  nitrate  contains  no  water  of  crystallisation,  and  keeps  its  briluaacj 
in  dry  air. 

Amidoc<mriflic  Sulphate,  (C^*^0')'.SO*H',  separates  out  on  evaporating  a  solm- 
tion  of  amidocaprylic  acid  in  dilute  sulphuric  acid  in  a  desiccator,  in  the  form  of  ttmr- 
sided  tables,  whidi  cannot  easily  be  freed  from  adhering  sulphuric  acid,  since  the  nh 
is  very  readily  decomposed  by  water. 

Cupric  AmidocaprykUe,  (0"H"N0«)H3u  -  C«H"— CH— NH^u',  is    obtained  l^ 

I.C00-' 

mixing  a  boiling  solution  of  the  acid  with  cupric  chloride. 

Amldoeaprjlonitm*  C"H>*N2»C*H>^— CH<^^,  is  formed,  together  with 

imidocaprylonitril,  C'H^N',  by  the  action  of  hydrocyanic  add  on  cBnanthol-ammoma. 
To  prepare  it,  90  grams  of  osnanthol-ammonia  and  120  grams  of  hydnxTanie  add  {10 
per  cent.)  are  shaken  up  in  a  well-stoppered  vessd  till  the  temperature  ceases  to  rise, 
whereupon  the  liquid  separates  into  two  layers.  After  pouring  off  the  aqneous  layv. 
about  160  grams  of  hydrochloric  add  (6  per  cent.)  are  added,  and  altar  shaking  the 
liquid  and  leaving  it  to  clarify,  the  hydrochloric  acid  solution  is  poured  off  from  the 
oily  layer,  and  the  latter  is  again  treated  with  about  1 00  grams  of  acid.  The  undissolved 
oil  is  the  pure  imidonitril.  The  acid  solution  also  still  contains  some  of  this  nitriU  whidi 
is  extracted  by  ether.  The  solution  is  next  exactly  neutralised  with  ammonia*  wim 
the  amidonitril  separates  as  a  yellowish  oil.  Tina  oil  is  dissolved  in  ether;  the 
solution  is  dehydrated  by  caldum  chloride ;  hydrochloric  acid  oas  is  passed  into  the 
anhydrous  liquid ;  and  the  crystalline  precipitate  obtained  is  lUtered  off  and  washed 
with  absolute  ether.  When  repurified  by  solution  in  alcohol  and  precipitation  with 
absolute  ether,  the  hydrocldoHde  of  amidocapryhmitril  is  obtained  in  crystals,  from 
whish,  when  exactly  neutralised  with  ammonia,  the  pure  amidonitril  separates.  This 
nitril  is  an  almost  colourless  oil,  which  has  a  peculiar  somewhat  sharp  smell,  and 
solidifies  at  —6°  to  —  6®,  but  liquefies  afterwards  at  0^.  It  is  misdble  m  aU  propor- 
tions with  alcohol  and  ether,  but  is  almost  insoluble  in  water.  It  dissolves  yrfaetly  in 
very  dilute  hydrochloric  acid,  but  loses  this  property  on  keeping,  because  it  beeomes 
changed,  wi^  loss  of  ammonia,  into  the  imidonitril. 

.N'HHn 
ThQ  hydrochloride,  Qm^^^MG\^0'B}\\  ,  crystaUises  in    whito  satby. 

^C=NH 
six-dded  plates,  easily  soluble  in  water  and  in  alcohol,  insoluble  in  absolnts  ether, 
very  digntly  soluble  in  strong  hydrochloric  acid.  The  plaiinoeUeriie, 
2(C*H>«N'jaCl}.PtCl\  separates  on  adding  platinic  chloride  to  a  sdntion  of  ths 
hydrochloride,  m  shining  yellow  plates,  nearly  insoluble  in  water,  easily  soluble  in 
okohoi  and  in  a  mixture  of  aXcobol  aAd  Qt\i«nt,  mEoVohl^  va  i^ibuoluto  ether. 
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The  hydroohloridd,  boiled  with  hydrochloric  acid  (ep.  gr.  1*10),  is  completely  oon- 
rerted  into  amidocaprylic  hydrochloride.  When  hy^chloric  acid  cas  is  passed  to 
Mtimtion  into  an  aqueous  solution  of  amidocaprylonitril  hydrochloride,  toith  constant 
oooUmg,  almost  the  whole  of  the  dissolyed  salt  senarates  without  change  in  the  ays- 
talline  form ;  but  if  the  vessel  is  dipped  only  from  time  to  time  into  cold  water^  a 
precipitate  is  formed  consisting  of  a  mixture  of  the  h^rdrochlorides  of  amidocaprylo- 
nitril and  amidocaprylamide.  If  the  hydrochloric  acid  gas  is  passed  into  the  liquid 
witko%t  cooling^  ^eat  heat  is  evolyed,  and  the  separation  of  crystals  does  not  take 
place  till  the  liquid  has  attained  its  highest  temperature. 

Amldoeaprylamlde,  0>fl>*N<0  =>  C'H*XNH>V-COONH'.  To  separate  this 
base,  the  hydrochloride,  obtained  as  just  describea,  is  freed  from  the  mother-liouor 
and  reo^stallised  from  boiling  alcohol.  A  cold  saturated  solution  of  the  salt  is  tlien 
mixed  with  ammonia  and  shaken  up  with  ether.  After  evaporation  of  the  ether,  a 
colourless  syrup  is  left,  which  has  a  strong  alkaline  reaction,  and  gradually  cxrstal- 
liees.  The  base  is  so  difficult  to  prepare  f^e  from  carbonate  that  its  properties  in 
the  fr«e  state  have  not  been  examined. 

The  hjfdroeUoride,  0>H**NH).Ha,  preiNired  as  above,  crystallises  in  small,  bril- 
liaoti  flat  prisms,  which  are  more  soluble  in  water  and  alcohol  when  hot  than  when 
cold.  It  is  raecipitated  from  its  solution  by  hydrochloric  acid.  The  platmochloride, 
2(0*H**NK)^Cl).PtCl«,  is  i^ecipitated  from  a  solution  of  the  hydrochloride  on  addition 
of  a  neutral  solution  of  platinum  chloride,  in  four-sided  plates  with  truncated  summits, 
which  dissolve  sparingly  in  water  but  are  more  easily  soluble  in  alcohol. 

Carbonate  of  Amidoeaprylamide. — ^Attempts  were  made  to  prepare  this  salt  — 
(1)  bj  passing  carbon  dioxide  into  an  aqueous  solution  of  the  free  base ;  (2)  by  mixing 
a  SBtunted  sdution  of  hydrochloride  of  amidocaprylamide  with  sodinm  bicarbonate ; 
(8^  by  mixing  the  solution  with  sodium  monocarbonate.  The  results  obtained  in  these 
reaetions  gave,  as  the  approximate  formula  of  the  body  (C'H**N*0)KK)'.  The  salt 
obtained  is  themfore  not  a  regular  carbonate  of  the  amido-amide,  since  it  wants  a  mole- 
cole  of  water,  the  elements  of  which  must  have  been  separated  during  its  formation. 

When  this  salt  is  mixed  with  a  solution  of  barium  chloride  at  ordinary  temperature, 
hard,  warty,  crystalline  bodies  separate  after  a  time,  and  stick  to  the  sides  of  the 
veasel.  If  the  solutions  are  heated  on  the  water-bath,  or  boiled,  pure  barium  carbonate 
is  thrown  down.    The  crystalline  precipitate  appears  to  be  the  barium  salt  of  capryl" 

a»if(lt«i«focar6o«ic  floW,  (>H«N«0«,  or  0«H«^^  which  is   produced 

simultaneously  with  the  hydrochloride  of  amidocaprylamide.  The  compound  formed 
by  the  action  of  carbon  dioxide  or  sodium  carbonate  on  amidocaprylamide,  is  the 
amidocaprylamide  salt  of  this  add,  OW^H^  +  C*H»NH)  »  C>'H*>NH5«.  On  heating 
this  salt  with  caustic  potash  on  the  water-bath,  it  splits  up  into  potassium  carbonate, 
ammoDia,  and  amidocamvlic  add.  In  like  manner,  the  hydrochloride  of  amido- 
caprylamide, heated  witn  hydrochloric  add,  splits  up  into  the  hydrochloride  of  amido- 
captrlic  add  and  sal-ammoniac,  so  that  a  progressive  change  takes  place  from  the 
amidonitril  through  the  amide  into  the  amido-acid. 

Xmldocaprylonttm,Ci«H»N«  =  ^^^nH— NH~OH<^".    When     the 

product  of  the  action  of  hydrocyanic  add  on  cenanthol-ammonia  (p.  380)  is  treated 
with  dUnte  hydrochloric  add,  uudocapirlonitril  is  dissolved,  and  imidocaprylonitril 
remains  in  tne  form  of  a  thick  colourless  oil,  which  crystallises  between  6^  and  6°, 
diaadves  easily  in  alcohol  and  ether,  very  sparingly  in  water  and  in  dilute  hydro- 
ehlorio  add.  It  is  decomposed  by  boiling  with  diver  nitrate,  yielding  silver  cjranide 
and  cenanthol.  On  heating  it  for  half  an  hour  with  15  parts  of  hydrochloric  aad  in  a 
veasel  with  vertical  condenser,  and  then  distilling,  formic  acid,  hydrocyanic  acid,  and 
OBnanthol  pass  over,  while  amidocapiylic  add  remains  behind.  With  fuming  hydro- 
chlorie  acid  at  106®  it  yields  the  same  products,  with  the  exception  of  hydrocyanic 
add.  With  the  same  add  at  the  temperature  of  the  water-bath,  the  products  are 
iaddoottpryUo  acid  and  imidocapr^imidej  separable  by  boiling  with  sodium  carbonate, 
whidi  cfissolves  only  the  former. 

C«H".CH.CO.OH 
XmidooAprjriie  aeldt  C"H'*NO^ »  NH  ,  is  a  white  tasteless  powder, 

C«H".CH.CO.OH 
which  becomes  pasty  at  180®,  brown  at  ]80°-190®,  and  melts  with  decomposition 
between  210®  and  215®.  When  boiled  with  hydrochloric  add  of  the  strength  of  20 
per  cent,  it  dissolves  without  decompodtion,  and  the  solution  on  cooling  deposits 
nrilliaiit  needle-shaped  ezystals  of  the  nydroehloride  of  imidocaprylic  add ;  but  when 
betted  to  180®  with  hydrochloric  add  of  40  per  cent  it  is  resolved  into  amidocaprylic 
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acid  and  polymerised  cDnanthol.     Calcium  imidocaprytate  it  a  ciyptooryitaUiiM  |m. 
cipitate. 

C*H".CH.0Ov 
ImidoMpvylSiiade»C>«H**NH)'-'  NH       >NH,  cryrtaUiMt   in  Mcdlea 

0«H".OH.(XK 
melta  at  79*6^,  is  insoluble  in  oold  and  nearly  insoluble  in  hot  wmttr.    Hoi  Mn^ 
potash-ley  converts  it  into  imidocaprylic  acid.    Its  hydrochloride  rryitilHiti  b 
needles,  and  is  decomposed  by  boiling  water. 

OASBAOBTOZTIiZO  AOZB,  C*H«0«.    On  the  formation  of  this  add  fWn 
/B-chloropropionic  acid,  see  Pbofiokio  acid. 

See  Tbicabballtuo  acid. 


OASBAMZO  AOZB,  NH'.CO.OH.  This  acid  is  formed,  together  with  earinuc. 
oxalic,  and  ozamic  adds,  and  water,  by  oxidising  glyoodne  in  ammoniacal  soUtioD 
with  potassium  perman^ianate.  The  carbamic  acid  is  a  direct  product  of  the  "*«^^tiflii, 
and  its  ammonmm-denTative  appears  to  be  fonned  whenever  carbon  dicaods  aid 
ammonia  come  together  in  the  nascent  state,  and  therefore  in  the  animal  oiguatm. 
Ammonium  carbamate  has  in  fiict  been  found  in  the  serom  of  dqgs'  blood,  and  tlui 
salt  is  convertible  by  dehydration  into  urea,  which  is  the  amide  of  carbamie  adi 
Ammonium  carbamate  is  also  produced  by  the  oxidation  of  ammnninfial  solntioiii  d 
sodium  formate,  leudne,  tyrosine,  and  albumin  with  ammonium  permangtints 
(Drechsel,  J.pr.  Chem,  [2],  xii.  417). 

Oarbwnatas.  The  only  carbamates  hitherto  known  are  the  ammomnm  sdll  tni 
the  alcoholic  carbamates  or  urethanes ;  but  Drechsel  (J,  pr,  Ckem,  [2],  xfi.  180)  hu 
lately  prepared  and  examined  the  carbamates  of  the  fixed  alkslis  and  alkaliis 
earths. 

Ammonium  CarbamatBf  NH'.CO.ONH^ — When  carbon  dioxide  is  passed iifeo 
milk  of  lime  dilated  with  8-^  times  its  volume  of  strong  aqueous  ammonia^  a  dear  lioail 
is  obtained,  which  is  decomposed  by  heat,  with  separation  of  caldum  carbonatsb  ana  by 
sodium  carbonate,with  immediate  predpitation  of  the  same  salt.  It  appears  than  tint 
carbamic  acid  is  formed  by  the  union  of  carbon  dioxide  and  ammonia  gases  in  pnsnes 
of  water,  showing  that  the  affinity  between  these  gases  is  greater  than  that  betwwa 
lime  and  carbon  dioxide,  and  affording  strong  grounds  for  regarding  aqueous  jmmMwi^ 
as  simply  a  solution  of  the  gas  in  water,  il^unoniimi  carbamate  in  scuution  is  slowly 
converted  into  the  carbonate.  The  conversion  is,  however,  incomplete,  and  is  mutt 
impeded  by  the  presence  of  free  ammonia.  Even  on  long  boiling  of  its  solvtion,  the 
carbamate  is  not  completdy  decomposed,  and  in  presence  of  ammonia  it  is  eonmaxa- 
tively  stable.  Ck>nversely,  anmionium  carbonate,  m  aqueous  solution,  parts  with  the 
elements  of  water  and  is  converted  into  the  carbamate. 

Sodium  Carbamate,  NH'.CO.ONa,  is  prepared  by  gradually  adding  analodiolie 
solution  of  sodiimi  ethylate  to  a  solution  of  ammonium  carbainate  in  aoueoas  aa- 
monia,  the  liquid,  according  to  its  concentration  and  temperatnre,  yielaing  dthar 
crystals,  or  an  oil  which,  on  addition  of  absolute  alcohol,  solidifies  to  a  ezystaUins 
mass.  The  crystals  thus  obtained  are  fine  prisms  containing  water  of  ciTStallisatiaii, 
and  veiy  efflorescent.  If  placed  in  a  closed  vessel  while  still  retaining  their  water  of 
crystallisation,  they  soon  decompose,  with  evolution  of  ammonia.  Placed  om 
sulphuric  acid,  they  quickly  lose  their  water  at  ordinary  temperatures,  and  the  diy 
salt  may  then  be  kept  without  alteration. 

Sodium  carbamate  is  veiy  soluble  in  water.  The  recently  prepared  solution  made 
with  anhydrous  salt  even  several  days  old,  remains  quite  dear  on  being  mixed  with 
solution  of  calcium  chloride,  and  only  gradually  becomes  turbid,  just  like  a  sdutkn 
of  pure  caldum  carbamate.  The  salt  when  heated  decomposes  in  different  wayi, 
accordingly  as  it  is  anhydrous  or  crystallised.  In  the  latter  case  it  gives  off  lams 
quantities  of  ammonia,  water,  and  carbon  dioxide  (or  ammonium  carbonate),  andtos 
residue,  which  does  not  melt  at  a  gentle  heat,  contains  nothing  but  sodium  carbonate ; 
the  anhydrous  salt^  on  the  other  hand,  gives  off  less  ammonia,  and  leaves  a  partially 
fusible  residue  containing  sodium  cyanate.  These  decompodtions  may  be  r^it- 
sented  by  the  following  equations : 

2(NH«.C0.0Na)  +  *HK)  =  Na«CO«   +  NH«.OO.ONH«   +   («-l)HH). 

CiyBtalUsed  salt. 

NH«.CO.ONa  =  N.CO.Na  +  HH). 

Anhydrous  salt. 

The  water  produced  in  the  latter  case  acts  on  another  portion  of  the  dry  salt  in  the 
manner  shown  by  the  first  equation. 
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Potasaium  Carbamate,  NH'.CO.OE,  ia  prepAied,  (1)  By  adding  a  aolation  of 
potassium  in  absolute  alcohol  to  the  ammoniacal  mother-liquor  remaining  fi!om  the 
preparation  of  ammonium  carbamate.  The  liquid  after  a  few  houra,  or  more  quicklj 
at  0^,  yields  small  needles  and  prisms  of  the  anhydrous  salt.  (2)  By  saturating  a 
solution  of  potassium  in  absolute  alcohol  with  ammonia  gas  at  0^,  and  passing  dry 
earbon  dioxide  into  the  liquid,  whereby  an  amorphous  flocculent  precipitate  is  formed, 
which,  after  stendinff  in  the  mother-liquor  for  some  hours,  changes  into  a  crystalline 
mass  of  granules  and  small  needles. 

This  salt,  when  heated,  decomposes  exactly  in  the  same  manner  as  the  anhydrous 
sodium  salt  the  residue  fusing  pajrtially  and  containing  potassium  cyanate,  wluch,  as 
in  the  case  of  the  sodium  aalt,  is  decomposed  by  the  water  separated  in  the  first 
instance.    No  cyanamide  is  formed  by  the  decomposition  of  either  of  these  salte. 

Calcium  Carbamate,  (NH'.CO.O)K!a,  is  prepared  by  passing  carbon  dioxide  into 
strong  aqueous  ammonia  (sp.  gr.  0*945  or  lower),  and  ^adually  adding  fresh  milk 
of  lime  till  it  no  longer  dissolves  even  on  brisk  agitation  —the  liquid,  on  the  other 
hand,  beginning  to  deposit  crystals.  These  are  left  ibr  a  idiile  to  separate,  and  the 
solution  IS  then  poured  into  about  an  equal  volume  of  absolute  alcohol  cooled  to  0°, 
whereupon  a  thick  amorphous  ^recipitete  is  formed  which  becomes  crystalline  after 
a  while.  It  is  then  introduced  into  a  wide  gloss  tube  containing  a  filter  of  glass-wool 
and  well-washed  sand ;  the  mother-liquor  is  drawn  off;  and  the  precipitete  is  once 
washed  with  a  mixture  of  absolute  alcohol  and  strong  ammonia  in  about  equal  volumes, 
then  with  absolute  alcohol,  lastly  with  absolute  ether,  and  immediately  dried  by  quickly 
drawing  a  current  of  dry  air  through  the  tube.  The  rapid  evaporation  of  the  dry 
ether  causes  a  reduction  of  temperature  sufficient  to  prevent  decomposition  of  the 
salt. 

Calcium  carbamate  thus  prepajred  is  a  very  fine  crTstelline  powder  made  up  of 
microscopic  prisma,  which  have  the  composition  2(N£P.C0'^a  +  HK),  and  exhibit 
forms  often  assumed  by  gypsum.  It  dissolves  in  water,  forming  a  solution  which  is 
perfectly  clear  at  first,  but  soon  becomes  turbid  from  separation  of  calcium  carbonate. 
The  addition  of  ammonia  renders  the  solution  more  atable^  the  stebility  being  greater 
as  the  ammonia  is  stronger.  F^m  a  saturated  solution  in  warm  ammonia  the  salt 
crystallises  on  cooling  to  0^  in  splendid  four-sided  prisms  1-2  mm.  long.  When 
recently  prepared  it  is  scentless,  but  even  after  a  lew  hours  it  begins  to  smell  of 
ammonia,  being  decomposed  by  ito  own  water  of  crystallisation.  Acids,  even  acetic 
acid,  decompose  it  with  effervescence.  The  crystallised  salt,  heated  to  95^-100^,  gives 
off  ammonia  and  aqueoua  vapour  [?  carbon  dioxide],  and  leaves  a  residue  apparently 
consisting  of  carbamate  and  carbonate  of  calcium : 

2(NH«.C0.0)«Ca  +  H«0  =  2NH«  +  00«  +  (NH«.00.0)«Ca  +  COK)a. 

The  anhydrous  salt  is  steble  at  180^,  and  decomposes  only  at  the  softening  point  of 
ordinary  glass,  being  resolved  into  CO*,  water,  and  calcium  cyanude,  t^.  cyanamide 
C^*H*,  having  ite  two  hydrogen  atoms  replaced  by  Ca : 

(NH«.0O.O)«Ca  -  CN'Ca  +   2H«0  +   C0«. 

Strontium  Carbamate,  (NH^CO.O}^r,  prepared  like  the  calcium  salt,  crys- 
tallises in  white,  shining,  anhydrous  laminte,  forming  with  water  a  solution  which  is 
perfectly  clear  when  first  prepared,  but  almost  instantly  becomes  turbid.  The  ammoniacal 
solution,  on  the  other  huid,  is  permanent,  or  deposite  carbonate  after  some  time  only. 
The  crystallised  salt  being  anhydrous  keeps  much  better  than  the  calcium  salt  When 
heated  it  decomposes  like  the  anhydrous  calcium  salt,  yielding  a  small  quantity  of 
crystalline  sublimate,  and  leaving  a  residue  of  strontium  cyamide. 

Barium  Carbamate  A^^peaxB  to  be  formed  by  passing  carbon  dioxide  into  aqueous 
ammonia  and  adding  baiyta-water,  but  it  cannot  be  obtained  in  the  solid  stete,  as  it 
rapidly  decomposes  with  formation  of  barium  carbonate.  A  double  salt  of  carbamate 
and  chloride  of  barium,  (NH'.00.0)'Ba.BaCl',  may  however  be  prepared  by  passing 
carbon  dioxide  into  a  solution  of  barium  chloride  mixed  with  strong  ammonia,  tiU 
crystals  begin  to  form,  then  filtering,  mixing  the  filtrate  with  }-^  vol.  alcohol,  smd 
immersing  Uie  containing  vessel  in  ice-cold  water.  The  double  salt  then  separates 
as  a  granular  ciystelline  powder,  which  may  be  washed  in  the  manner  above  described 
and  Sned.  Ito  solution  in  water  is  clear  at  first,  but  very  quickly  becomes  cloudy ; 
the  ammoniacal  solution  is  somewhat  more  steble. 

The  mode  of  decomposition  by  heat  of  the  carbamates  of  the  alkaline  earth-metals 
appears  at  first  sight  to  be  different  from  that  of  the  carbamates  of  the  alkali-metals, 
inasmuch  as  a  cyamide,  or  metallic  derivative  of  cyanamide,  is  produced  in  the  fiormer 
case,  and  a  cyanate  in  the  latter.  This  difference  is,  however,  only  apparent,  since 
the  cyanates  of  the  alkaline  earth*metols,  which  may  be  supposed  to  be  formed  in  the 
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first  instance,  are  resolTod,  on  Airther  heating,  into  carbon  dioxide  and  ej»tMm,  t^ 
(OON)«Ca  «  C0«  +   CNKJa  (see  CtawamidbV 

All  the  metallic  carbamates  yet  examined  behave  therefore  in  the  iame  maaiicr 
when  heated,  being  resolved  into  water  and  metallic  cyanates : 

NH'.OO.OE'  =  H«0  +  N=C— OE'. 

Ammoninm  carbamate  also  decomposes  in  the  same  manner,  but  the  resnltiog  c^aaitt 
of  ammoninm  is  not  resolved  into  a  cyamide  and  carbon  dioxide,  like  the  ^'^''^Biitrs 
of  the  alkaline  earth-metals,  but  directly  converted  into  carbamide  (ores)  CO(NH*)P. 
The  change  which  takes  place  in  this  decomposition  of  the  earbamatM,  tul,  sfpe- 
ration  of  water,  is  exactly  the  same  as  that  which  occurs  in  the  formation  of  aitiili 
from  amides :  hence  the  cyanates  formed  in  this  reaction  are  normal  cyanates,  like 
cyanetholine  and  its  homologues,  which  are  produced  l^  the  action  of  ^aoogn 
chloride  on  the  sodium-alcohola  (lat  Suppl,  519). 

Alooholio  Carbamates, — Urethanes, 

■ttajl  Oarbamatav  or  Ulretluuieff  is  formed,  together  with  ammonium  ^aaidi, 
by  the  action  of  alcoholic  ammonia  on  ethyl  cyanocar^nate : 

CN— CO— 00*H»  +  2NH«  =  NHH3N  +  NH«— CO— 00«H». 

Thenylrurethanet  NH^ — 00 — OC*H',  is  formed  in  like  manner,  together  witk 
hydrogen  cyanide,  by  the  action  of  aniline  on  ethylic  cyanoearbonate  (We£ige^  /.  er. 
Chem.  [2],  vii.  79). 

AcetyUethyl-  CarbamaU,  C»H»NO*  »  NH(C<H'0]h~CO— OC>H*,  is  formed  by  hiitii« 
urethane  with  acetyl  chloride  to  110^.  It  crystallises  in  slender  needles,  disaolTwia 
ether-alcohol ;  melts  at  77^-78^  (Kretzschmar  a.  Salomon,  J,  pr.  Ckem.  [2],  x.  28^ 

Aldebydle  UkretluuiMi  (C.  Bischoff,  Deut,  Chem,  Oes,  Ber,  yvu  628,  1078). 

These  bodies,  related  to  the  chlorinated  compound  CH*H}1'N*0\  which  StenhooM 
obtained  by  the  action  of  chlorine  on  an  alcoholic  solution  of  mercuric  cyanide  (il 
218;  ^nd  Suppi,  410),  are  produced  by  the  action  of  aldehydes  and  of  aicetal  on 
urethanes  in  presence  of  strong  condensing  agents,  chiefly  hydrochloric  acid. 

Ethidene-urethane,  0»H'«N«0«  =  CH».CH(NH.CO.OC«H»)«,  of  which  S(m 
house's  compound  is  the  dichloro-derivative,  is  formed  by  adding  hydxochlozie  add  to 
a  solution  of  urethane  in  acet«l,  the  mixture  solidifying  after  some  time  to  a  oyital- 
line  pulp  of  very  fine  needles  melting  at  125**  (Bischoff).  The  same  componnd  Mpa- 
rates  after  awhile  from  a  solution  of  urethane  in  acetaldehyde,  and  immediately,  with 
great  rise  of  temperature,  on  adding  to  the  solution  a  few  drops  of  hydzocUone  acid. 
From  the  cooled  solution  it  is  precipitated  by  water  in  needles  having  a  satiny  Instzt; 
melting  at  126° ;  tasteless  and  scentless ;  easily  soluble  in  ethez;  alcohol,  and  hot 
water,  less  easily  in  cold  water ;  decomposing  when  distilled  (Nendd,  Dtiu,  Ckem, 
Oes.  Ber.  vii.  158). 

Chlorethidene-urethane,  C»H»»C1N«0*=CH«C1— CH(NH.CO.OC^n«,  is&nnod  ly 
the  action  of  chlorine  on  a  strong  solution  of  hydrocyanic  acid  in  alcohol  I2md  8mfL 
410) ;  also  on  adding  a  somewbAt  considerable  quantity  of  vetj  strong  hydiodburie 
acid  to  a  solution  of  urethane  in  monochloracetal.  On  dissolving  the  ernde  cratil- 
line  pulp  thus  obtained  in  alcohol,  and  mixing  the  solution  with  hot  water,  the  liqwd 
first  deposits  the  excess  of  chloracetal  in  oily  drops,  and  the  milky  liquid  sepsxated 
therefrom  gradually  yields  crystals  of  pure  chloretiiidene-urethane  mating  at  14r 
(Bischoff'). 

CA/orfl^ttr«<Aanc,  C»H«CJ1«N0*  =  CC1»— CH<^_^_Q(^g,.— Asolntkmrf 

urethane  in  chloral,  mixed  with  strong  hydrochloric  acid,  gradually  soUdifiestoaBia 
which  may  be  purified  by  washing  with  water.  If  sulphuric  acid  be  used  insteod  of 
hydrochloric  acid,  the  mixture  becomes  glutinous,  and  on  addition  of  water  vomaiaiat 
the  bottom  of  the  yessel  as  an  oily  mass,  which  gradually  becomes  crystalline.  Iho 
solid  product  obtained  in  either  case  separates  from  ether-alcohol  as  a  ll^«»inM»  eiyrtal* 
line  mass,  having  the  composition  above  given.  The  same  compound  is  fozmod  on 
adding  urethane  to  Aised  chloral  hydrate,  and  treating  the  mixture  with  hydzocUorie 
or  sulphuric  acid. 

CUoral-urethane  is  insoluble  in  cold  water,  and  is  resolved  by  hot  water  into 
chloral  and  urethane ;  it  dissolves  easily  in  alcohol  and  in  ether.  It  lias  a  fiunt  odov 
of  chloral,  melts  at  103^,  and  is  easily  resolved  at  a  higher  temperatoro  into  its 
components.  With  potash  it  yields  the  decomposition-products  of  cUonl  and  of 
urethane. 
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Stoma  l^r  ethane  is  very  much  like  the  preceding  compound,  and  melts  at  182^ 
BmtylokloraUnrethane,  CH^Cl'NO*  =  C»HK)1«— CH<[^2__^3Q,Qa2,.— On 

addii^  nrethane  to  a  mixture  of  bnt^-chloral,  OH*01*.CH0,  and  strong  hydrochloric 
aeidt  this  oompoiuid  separates  after  some  time  in  white,  very  hard»  brittle  prisms, 
yielding  by  analysis  40*8  per  cent,  chlorine  and  6*4  nitrogen,  the  formola  reqnirinx 
40-8  ^orine  and  6*8  mtrogen.*  It  melts  at  128^-126^  and  wW  heated  with 
lime  g^Tes  off  an  odoor  like  that  of  collidine.  In  all  other  respects  it  resembles  chlml- 
and  bromal-nrethane. 

Valeral-urethane,  0"H«*NK)*-0*H*— CH(NH.OO.OC»H*>«,  homologous  with 
ethidene-nrethane,  is  formed  on  adding  a  small  quantity  of  strong  nydrochlonc  acid  to 
a  solution  of  urethane  and  Taleral,  the  liquid  immediately  becoming  hot  and  con- 
creting to  a  solid  mass.  It  is  perfectly  inodorous  when  dry ;  smells  &intly  of  valval 
-when  moist ;  dissolves  easily  in  warm  alcohol,  and  separatee  therefrom  on  addition  of 
hot  water  in  long  silky  needles ;  melts  at  126^ ;  sublimes  with  partial  decomposition ; 
and  when  more  stron^y  heated  yields  an  oily  distillate  haying  an  aromatic  odour. 
When  heated  with  dilute  acids  it  is  easily  resolved  into  urethane  and  yaleral. 

Chlorovaleral^rethane,0m*Cl—CIi(SR.C0.OO^*y,  is  formed  oh  adding 
hydrochloric  acid  to  a  mixture  of  chloroyaleraland  urethane.  It  melts  at  180^,  and  is 
more  stable  than  valeral-urethane.  In  preparing  this  compound  it  is  best  to  operate 
with  the  calculated  quantities,  since  an  excess  of  ohlorovaleral  adheres  obstinately  to 
the  product. 

BenMal-urethane,  0*H*--OH(NH.CO.OC'H*)',  is  formed  by  adding  a  smaU 
qoantil^  of  strongr  hydrochloric  add  to  a  solution  of  urethane  in  bitter  almond  oil  (in 
uieoretical  quantity,  or  with  a  slight  excess  of  urethane),  the  liquid  immediately 
solidifying,  with  considerable  rise  of  temperature  and  disappearance  of  the  odour  of 
bitter  almond  oil.  This  compound  dissolves  sparingly  in  cold,  vei^  easily  in  hot 
alcohol,  and  czystallises  very  finely  from  the  solution  on  addition  of  boiling  water.  It 
forms  a  white,  perfectly  inodorous,  crystalline  mass,  having  a  silky  lustre,  melts  at 
171^,  sublimes  undeoomposed  when  cautiously  heated,  but  immediately  gives  off  the 
odour  of  bitter  almond  oil  when  heated  with  dilute  adds. 

Cinnamal^rethane,  OK*(J^K,00.0(?B*)\  is  formed  on  addiujs  hydrochloric 
add  in  small quantiW(alaigerquantity  decomposes  the product)toa  solution  of  urethane 
in  eommerdal  oil  of  cassia.  The  crude  product  must  be  washed  first  with  water,  then 
with  ether.  The  compound  is  nearly  insoluble  in  ether,  dissolves  easily  but  with 
partial  decomposition  in  warm  aloohoL  It  is  completely  decomposed  by  boiling  with 
water,  still  more  readily  with  dilute  adds.  It  nas  no  constant  melting  point,  but 
softens  gradually  when  heated,  and  melts  completely  between  136^  and  143**. 

Ouminal^r ethane  is  very  much  like  tne  preceding  compound,  and  crystallises 
in  needles  from  its  alcoholic  solution  after  dilution  with  hot  water. 

Anieal-urethane,  C}*H^^nu/|^^nQ  qqiqixsi  fomied  from  anisaldehyde  and 

ovethane,  orstallises  from  a  mixture  of  equal  quantities  of  boiling  alcohol  and  water, 
in  splMidid  long  needles  having  a  silky  lustre,  and  melting  at  171^-172^ ;  it  dissolves 
sparingly  in  coU,  eanly  in  hot  alcohoL 

A  mixture  of  salicylic  aldehyde  and  urethane,  treated  dther  with  hydrochloric 
or  sulphuric  add,  did  not  yield  any  product  fit  for  analysis. 

Fnrfural^rethane,  C«HK)— GHrNH.CO.OO>H*)*,  separates  immediately  on 
adding  a  drop  of  strong  hydrochloric  add  to  a  mixture  of  fbrfurol  and  urethane,  and 
stirring.  The  reaction  is  very  violent,  and  must  be  moderated  by  cooling.  The  com- 
pound is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether,  and  crystallises 
from  dilute  alcoholic  solutions  in  splendid  silky  needles  resembling  sulphate  of 
quinine.    It  mdts  at  169^. 

Vroyyl  Cailmmata  or  Propyl-iiretliane»  0«H*N0*»NH'.CO.O0*H',  is  pre- 
raredby  digesting  urea  with  excess  of  propyl  alcohol:  OH«NH)  +  <7HH)  «  NH*  +  OH*N0<. 
On  dissolving  the  product  in  ether,  expelling  the  ether  and  excess  of  propyl  alcohol 
by  evaporation,  and  digesting  the  residue  with  water,  propyl  allophanate  remains 
undissolved,  and  the  filtrate  when  evaporated  leaves  propyl-urethane,  in  long,  shining, 
transparent  prisms,  eanly  soluble  in  water,  alcohol,  and  ether,  melting  at  60^-62^, 
and  boiling  at  194^-196**.  In  the  moist  state  it  is  decomposed  by  heat,  with  evolution 
of  ammonia  (Cahours,  Compt.  rend,  Ixxvi.  1887). 

*  In  Biaehoff* ■  peper  this  oompotind  is  regarded  as  crotonchknral-arethane,  GTH^^'NO'ai 
CFBrai*— GHOH— NH— O0^CI*H',  whidi  requires  40*5  CI  and  5*8  K ;  bat  as  Pinner  has  shown  that 
tlw  soppoeed  oroton  chloral  is  reaUy  butyl  chloral  (p.  50),  there  can  be  no  doubt  that  the  oom- 
poimd  now  under  oonsidention  is  butyld^oral-arethane,  the  formula  of  which  indeed  agrees  with  the 
aoalyais  in  the  percentage  of  chlorine  m<ne  dosdy  than  that  of  crotonchloiBl-uetkane. 
3rd  Si^,  CO 
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Ethidene-propyl-urethane,  CH*— GH(NH.CO.OC*H')',  is  formfld,  tbcraghlcM 
easily  than  the  corresponding  ethjl-compound,  on  adding  strong  hydzoeklorie  add  to 
a  solution  of  propyl-nrethane  in  acetaldehyde.  It  is  easily  solnble  in  sloohol,  tni 
crystallises  from  weak  spirit  in  fine  white  needles  melting  at  116*^-116^. 

VaUral'propyl-ur ethane  crystallises  in  fine  white  needles. 

Beng al'propyl-ur ethane^  formed  from  bitter  almond  oil,  propTl-iizetiiaai^ ud 
hydrochloric  acid,  is  precipitated  by  hot  water  from  its  solution  in  boiling  aleohol  as  a 
white  crystalline  powder  melting  at  148*^. 

CH«— COOH 
SnoolByL^arlMuiile  Jlold«  OH*N<0«»  I  ,  if  ptodoMd 

CH«— CONH— CO— NH« 

by  heating  urea  with  an  equiTalent  quantity  of  succinic  anhydride  to  120®-18(P: 

CH'-C(K  o  4.  no/NH»  _  CH«-OOOH 

The  two  compounds  melt  together  to  an  oily  liquid  which  solidifies  suddenly  after  a 
few  minutes.  After  washing  with  alcohol  to  remove  unaltered  aucdnic  aohydridcy 
and  once  recrystallising  from  water,  the  succinyl-carbamic  add  is  obtained  qnite  poa 
It  crystallises  in  small  shining  scales,  nearly  insoluble  in  cold  water,  aloohd,  tod 
ether,  moderately  soluble  in  glacial  acetic  acid  and  in  hot  water.  Strong  snlplnrie 
add  dissolves  it  in  all  proportions ;  but  on  addition  of  water,  the  soccinyl-canamie 
add  is  immediatdv  precipitated  in  its  original  state.  This  add  forms  soluble  sslti 
with  ammonia  ana  the  fixed  alkalis,  insoluble  salts  with  mercury,  silver,  and  odur 
heavy  metals.  The  crystals,  when  slowly  heated,  melt  with  complete  deoompositioa 
at  196** ;  when  quickly  heated  they  melt  at  203°-206<'  (W.  H.  Pike,  IkuL  Ckmu 
Qes,Ber.yi.  1812). 

Tbioearbamie  Aeld«  KH'.GS.Sfl.  This  compound  has  been  almdy 
described  (v.  490)  as  sulphoearbamie  acid, 

Thioearbamio  Sulphide  or  Sulphanhydride,  (NH'.GS)^,— also  called 
ffydroihiopruseio  acid  (Gmelin's  Handbook^  Eng.  ed.  viii.  98) — and  a  number  of  its 
derivatives  were  described  by  Zeise  in  1842  {iJebi^e  AMUilen,  zlviii.  96). 

The  ammonium-eaUt  [NH(NH*).CSSpS,  obtainea  by  the  action  of  carbon  disolphide 
on  alcohol  saturated  with  ammonia  gas,  or  by  treating  ammonium  tluocaxbooate  with 
alcohol,  forms  large  shining  crystals  of  lemon-yellow  or  orange-yellow  colour,  nental 
to  vegetable  colours,  inodorous  when  recently  prepared,  but  smelling  of  hj^ogBa 
sulphide  after  exposure  to  the  air ;  decomposing  at  150^,  with  formation  of  hjdrofn 
sulphide,  carbon  sulphide,  ammonium  thiocarbonate,  and  a  white  needle-diaped  sdt 
apparently  consisting  of  ammonium  cyanide. 

When  the  solution  of  this  salt  in  3  parts  of  water  is  mixed  with  snlpkurie  or 
hydrochloric  acid  diluted  with  twice  its  quantity  of  water,  and  a  larger  quanli^  of 
water  then  added,  the  thiocarbamic  sulphide,  0*N*H*S',  separates  as  a  tnnntnst 
colourless  oil  which  remains  permanent  for  a  short  time  under  the  acid  liquid,  btt 
decomposes  during  the  attempt  to  separate  it  therefrom. 

The  solution  of  the  ammonium  salt  gives  with  cupric  salts  a  vellow  <»i?^?ffBliiit 
precipitate  of  the  copper  compound,  Cu(Sti,CSyS,  which,  after  waiming  with  walv, 
does  not  change  by  keemng,  but  is  resolved  by  boiling  with  water  into  dioejanie  seid 
and  cupric  sulphide.  The  lead  and  merourio  salts  are  white  predpitates  which  qpkMj 
decompose  into  thiocyanic  acid  and  metallic  sulphides.  The  nno  mU  is  mors  pn^ 
manent,  and  is  obtained  as  a  white  precipitate,  in  which  olive-green  pyramidal  GEyitiI% 
apparently  consisting  of  the  same  salt,  form  in  a  few  days  (Zeise). 

The  phent/Ummonium  salt,  C*«H>*N«S*  =  |^>(C«H«)---KH--a9]^  is  prepaisd  by 
mixing  aniline  with  carbon  disulphide  and  ammonia.  Prismatic  crystals  then  b^gb 
to  separate,  and  in  a  few  minutes  the  whole  solidifies  to  a  crystalline  pulp.  This  mU 
is  alM>  rather  unstable,  and  is  best  purified  by  washing  with  ether,  after  the  mothw- 
liquor  has  been  squeezed  out.    It  dissolves  readily  in  boiling  alcohol,  and  crystallisei 


therefrom  in  fine  dense  glassy  prisms,  mixed  however  with  laminar  crystals  of  tkio- 
carbanilide,  C*'H"N^,  into  which,  moreover,  the  phenyl-ammonium  aalt  is  quickly 
and  oompletdy  converted  by  boiling  with  water.  This  reaction  affords  a  Toy  eon- 
venient  method  of  preparing  thiocarbanilide  (Hlasiwetz  a.  Kachler,  Liebi^e  Aaundm, 
clxvi.  142). 

Thiocarbamic  Disulphide^  (NH'.CS)^',  is  the  compound,  usually  cdlsd 
hudranzcihin,  obtained  \>y  tlhe  acdou  ot  OoXotviv^'^reXA't  ^sc^  voastfsccnmL 
(ill.  179). 
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Thioearbunie  add  and  its  deriyatiTee  just  described,  may  be  aapposed  to  oontaiD 
the  radide  NH' — 03,  designated  by  Hlasiwets  a.  Eachler  as  thiuram :  thus — 
NH'.GS^H.    Thiuram  sulphydrate  (Thiocarbamic  add). 
^H*.G8)^    Thiuram  sulphide. 
[NH^H*).08]%.    Ammonium-thiuram  sulphide,  &c. 

Aeiiam  iff  Jmnumium  ThioearhanuUe  on  Mdehydsa, — The  product  obtained  with 
aeetaldehjde  isearbothialdine,  C*H>*N^  (i.  802),  which  is  reguded  by £. Mulder 
(LUbig^t  ArmaUnt  dryiii.  228)  as  thiooarbamate  of  diethyfidene-ammonia, 
KH*— GS— N(GH-— CH^,  and  by  Hlasiwetz  {loe.  eit,)  as  thiuram-carbo- 
methyl,  (NH'.08)^0H')*.  When  earbothialdine  is  decomposed  with  potash,  and 
the  liquid  is  mixed  with  sal-ammoniac,  eTaporated  down,  and  treated  with  oupric 
sulphate,  cupric  thiocyanate  is  precipitated  in  quantity  corresponding  with  the  equa- 
tion, C«H"N«« + 2H«0  -  ONS JJH* + H«S  +  2Cm*0  (Mulder). 

With  hensaUkhyde  ammonium  thiocarbamate  forms  steUate  groups  of  colourless 
czystala,  or  if  too  much  benzaldehyde  has  not  been  added,  a  peneetly  solidified 
crretalline  mass,  which  may  be  freed  from  excess  of  bensaldehyde  by  pressure  between 
bibulouspaper.  ^ra» compound  thus  formed  is  dAeneplidenammonmm  thioearhamate^ 
NH^— GE(— SNCCTH*)',  agreeing  in  all  its  properties  with  that  which  Quadrat  obtained 
by  treating  bensaldehyde  with  carbon  cusulphide  and  aqueous  ammonia  {LUhi^s 
Aamakn,  had.  18).  This  compound  was  regarded  by  Quadrat  as  thiocyanate  of 
beoaoyl  ^or  rather  bensenyl^  (rH^NSsCH^CNS.  Its  alcoholic  solution  gives  in 
general  the  reactions  of  ammonium  thiocarbamate.  Treated  with  potash,  &c.  in  the 
manner  abore  described  for  earbothialdine,  it  yields  a  quantity  of  copper  thio- 
cyanate agreeing  with  the  equation : 

C»H»W8«  +  2HH)  -  NH^.ONS  +  H«  +  2CrH«0, 

that  is  to  say,  20*8  per  cent.  CKS,  whereas  Quadrat's  formula  would  give  89*4  per 
cent  (Mulder). 

CH«— OOOH 

SUOCIMOTHIOCARBAMIC       Acii>,     C*H*NH!)'S     B     I 

CH«— CONH— OS— NH\ 
is  obtained  by  fusing  thiocarbamide  (sulphurea)  with  succinic  anhydride  at  140^,  and 
purified  by  washing  the  product  with  aloohol  and  recrystallising  it  from  glacial  acetic 
add  or  from  water.  It  is  a  yellowish  powder  composed  of  crystalline  scales,  melting 
at  210*6^-211°,  and  in  other  respects  resembling;  sucdnocarbamic  acid.  On  boiling 
its  alkaline  solution,  it  is  resolved  into  succinic  acid  and  thiocarbamide,  which 
immediatdy  suffers  further  decomposition. 

<COOH 
C0-3lH— OS— NH« 
is  prepared  by  heating  dtraconio  anhydride  with  thiocarbamide  to  130®.    The  crude 
product,  washed  and  reczystallised  from  water,  yidds  the  pure  citracothiocarbamic 
add  as  a  white  crystalline  powder,  veiy  much  resembling  sucdnothiocarbamic  add, 
and  mdting  at  222<'-228<'  (Pike,  Deui,  Chem.  Ges,  Ber,  vi.  1104). 

OsytbiooMiMUiile  Aoid«  0£PNOS  «  NH^CO.SH.  The  ammonium  salt  of  this 
add,  discovered  by  Berthelot  {\at  Suppl.  468),  is  formed  bypassing  carbon  oxysulphide 
into  alcohol  saturated  with  ammonia.  The  liquid  becomes  turbid  after  a  while,  and 
solidifies  to  a  pulp  of  fine  white  crystals,  which  must  be  collected  on  a  filter  and 
washed  quickly  with  ether.  It  is  extremely  soluble  in  water,  less  soluble  in  alcohol, 
insoluble  in  etner.  Dilute  acids  decompose  it,  with  evolution  of  carbon  oxysulphide, 
aoearding  to  the  equation : 

NH«.C0.8NH*  +  2HC1  -  COS  +  2NHH3L 

The  aqueous  solution  is  decomposed  by  heat,  with  formation  of  carbonate  and  sulphide 
of  ammonium.  The  salt,  heated  for  several  hours  to  130^-140°  in  sealed  tubes,  is 
resolved  into  hydrogen  sulphide  and  urea : 

NH».C0.SNH«  -  8H«  +  NH^OO.NH*. 

This  deoompodtion,  which  is  analogous  to  that  of  ammonium  carbamate  into  water 
and  urea,  discovered  by  Basaroff  (1<<  Suppl,  1113),  shows  that  oxythiocarbamic  acid 
eontains  the  group  00  and  not  OS  (Kretcschmar,  J.  pr.  Chem.  [2],  vii.  474). 

The  solution  of  the  ammonium  salt  gives  with  ferric  chloride  at  first  a  red  liquid, 
and  OD  addition  of  an  excess,  a  pale  red  precipitate  ;  with  lead  acetate  a  colourless 
gelatinous  predpitate  which  afterwards  turns  black ;  with  uranic  nitrate  a  pale  yellow 
predpitate,  soluble  in  excess  of  the  uranic  salt ;  with  barium  chloride  a  precipitate  ou 
warming  (E.  Mulder,  LiMf$  Annalen,  clxviii.  228). 
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Action  of  MdekydsB  on  Et^Ue  OsytUoea/rbamaU  or  JTonMMrfib.— VaUral* 
xanthamide,  OH**(NH.CX).SCpH*}*,  is  formed  on  adding  ttzong  hydroeUorie  aodto 
a  mixture  of  valeral  and  xanthamide.  A  gummy  mass  is  thereby  pvodnetd,  vU^ 
dij^ses  itself  in  alcobol  without  dissolving,  and  water  added  to  the  Uqaid  dnovi 
down  a  yellowish- white  or  pure  white  crystalline  powder  formed  of  imal(  Indiitineti 
coherent  plates.  This  compound  has  a  &int  but  peculiar  odour,  dissolTSt  cpana^  in 
ether,  more  readily  in  alcohol,  and  melts  at  108^.  Heated  in  the  dzy  ttato,  it  gms 
off  an  odour  of  mercaptan,  yields  ammonia  and  ojanio  aeid,  and  ultimatelj  gins  off 
fetid  strongly  alkaline  vapours. 

Chloral  and  ButTrie  CSiloral  likewise  unite  with  xanthamide  under  th«  inflinaes  of 
strong  hydrochloric  acid  (Bischof^  Deut,  Chem,  Ott,  Ber,  vii.  1078). 

OJkMMAMXnm  or  VBmaL,  NH*.C0J7H>.  Oecurrenoe  m  ikg  Jadmal  Boi^,-- 
From  experiments  made  on  dogs  by  I.  Munk  {Pflugei^*  Jrohio,/,  PJ^iiolofie,  xi.  100 ; 
Ckem,  Soe.  J,  1876,  i.  89),  it  appears  that  the  quantity  of  urea  contained  u  the  sab- 
stance  of  the  liver  is  less  than  that  in  an  equal  weight  of  the  blood  dreulating  is  the 
tissues ;  in  an  average-sised  dog,  for  example,  the  quantities  in  the  liver  and  in  the 
blood  of  the  carotid  artery  were  found  to  be  as  0*039  :  0*688.  These  rsanlts  axe  not 
in  aocKndance  with  the  opinion  entertained  by  some  physiologists  that  the  liver  is  tilt 
principal  seat  of  the  formation  of  urea  in  the  animal  organism. 

Acc<vding  to  P.  Picazd  {Compt.  rend,  Ixxxiii.  1179 ;  Ckem,  Soe,  J.  1877t  i  829X 
arterial  blood  contains  two  substances,  which  are  decomposed  by  Millom's  reagmt 
(mercuric  nitrate,  v.  962),  the  one  eminently  destructible  and  disappearing  almost 
completely  in  the  capillaries,  whereas  the  other — which  is  moat  probably  uraa— 
is  present  in  the  same  proportion  in  arterial  and  in  venous  blood.  Tue  nators  of  the 
more  easily  decomposible  substance  in  arterial  blood  has  not  yet  beeo  made  out. 

PrtptwaUom, — 0.  A  Bell  prenares  urea  by  the  action  of  ammonium  sulphate  oa 
potassium  cyanate  obtained  bv  heating  the  ferromnide  with  potassium  diouanafee. 
WellHclried  ferro^anide  yielos  26  per  cent  of  its  weight  of  urea  {Chmn,  Newt, 
xxxii.  99). 

Reaatum»,-^\,  When  urea  is  heated  over  a  water-bath  with  ^photpkoma  iriMuiii, 
a  violent  action  takes  place,  ammonia  is  eliminated  in  the  form  of  phoaphamidd  eon- 
pounds,  and  b  iuret  is  formed,  top;ether  with  an  amorphous  substanoa  whidi  appsm 
to  be  triuret.    The  formation  of  biuret  is  represented  1^  the  equation : 

2(NH«.C0.NH«)  -  NH»  +  NH(COJra«)«. 

Phenyl-urea  similarly  treated  yields  phenyl-biuret^  NH[CONH(0*H*)p  (Wsith. 
Deut,  Chem.  Qes,  Ber,  x.  1743). 

2.  When  urea  is  treated  with  propyl  alcohol  dissolved  in  ether,  the  podocts 
formed  are  propyl-ur  ethane,  C*B^O*  (p.  886),  and  propyl  allopnanats^ 
C*H**N'0',  the  former  or  the  latter  predominating  according  as  the  pzopyl  alcohol  or 
the  urea  is  in  excess.  Propyl  allophanate  forms  nacreous  lamine,  afightly  soluble  n 
cold,  easily  in  hot  water,  still  more  readily  in  alcohol,  and  melting  at  160^-180^ 
(Cahours,  Con^,  rend,  havL  1387). 

8.  Urea  fused  with  oxamethame  yields  oxaluramide  (oxalan)^  aooording  to  tbs 
equation : 

CONH«  CONH« 

I  +  CO(NH*)«  -  C«HH)H  +    I 

COOCPH*  co.NH.cojra» 

(Caistaijen,  J,  pr,  Chem.  [2],  ix.  148). 

4.  Urea  fhsed  with  eareoeine  forms  methyl-hydantoin,  C^H^INK), identieal  with 
that  which  is  formed,  together  with  sarcosine,  by  boiling  creatine  or  ereatmine  witli 
baiyta-water : 

CH*-NH(OH?).  yrjn       CHMCH»)Nv 

1                         +  C0<^  =   I                     >C0  +  NH*  +  H«0. 

COOH  ^"^         CO— HN ^ 

fleroosine  Urea.              Hetbyl-hydantoXn. 
(methyl-glyoodne). 

Other  amido-adds  react  with  urea  in  a  similar  manner,  forming  hydaato&i  or  aa 
analogous  substance :  thus  leucine  fosed  with  urea  yields  a  compound  dyatalliaing  in 
needles,  which  appears  to  be  uramidocaproio  acid  (Huppert,  2>0k<.  Chem,  &«. 
Ber,  vi.  1278). 

6.  When  urea  is  fused  with  the  anhydrides  ofhibaeic  acids,  a  reaction  takes  places 
represented  by  the  general  equation : 

j>»^^Ok.^    ,    ro^^NH«        ^,,  >^ONH-CONH« 
^  <sCO>"  +   ^"<sNH*        ^  \COOH 
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thm  pzodnet  being  a  homologue  of  oxalnric  aci'd.    In  this  manner  snccinyl-car- 
l)ainio  acid,  G^H^'O*  (p.  386),  is  fonned  from  urea  and  soocinic  anhydride. 

CUraeome  anhydrii$  does  not  unite  with  nrea  in  this  manner ;  fbr  when  the  two 
bodies  are  heated  together  to  115°,  carbon  dioxide  is  given  off,  and  citraconimide  is 
porodnced.  Witli  thio-nrea,  on  the  other  hand,  dtraconic  anhydride  yields  ci  tr  aeothi  o- 
carbamio  ada  (p.  887). 

Laetid4  heated  with  nrea  or  with  thio-nrea  is  oonrerted  into  laetamide,  with 
erolntion  of  00*  or  COS  (W.  H.  Pike,  DmU,  Chem.  Ges.  Ber.  vi.  1104). 

Jkieetion  qf  Urea, — Mnsonlns  {Compt.  rend.  Ixxviii.  132)  employs  for  this  purpose 
paper  on  which  urinary  ferment  has  been  deposited.  This  paper  is  prepared  by  filter- 
ing urine  in  a  state  of  ammoniacal  jputre&ction  throujgh  a  paper  filter,  which  b  after- 
wards washed  and  dried  at  36^-40^.  To  fiicilitate  its  use,  it  may  be  coloured  with 
turmeric,  and  dried  again.  If  preserved  in  well-dosed  bottles,  it  appears  to  retain  its 
action  for  a  long  time.  On  dipping  it  into  a  neutral  solution  containing  urea,  this 
compound  is  conTerted,  by  the  action  of  the  ferment,  into  ammonium  carbonate,  re- 
cognisable hy  the  brown  colour  which  it  imparts  to  the  turmeric  paper. 

EtUmaHom  bjf  metms  of  SoltMe  ^/pobromitei. — Urea  is  decomposed  by  soluble 
hypobromites  and  hypochlorites,  with  e?olution  of  nitrogen : 

CH<NH)  +  0«  «  C0«  +  2HH)  +  N«. 

According  t6  this  equation,  1  gnm  of  urea  shouldyield  870  cc  of  nitrogen  at  0®  C, 
and  760  mm.  (t.  952).  According  to  Bussdl  a.  West,  however  {Chem,  Soe,  J.  1874, 
p.  749),  the  quantity  of  nitrogen  actually  evolved  (with  hypobromite)  is  always  8  per 
cent,  less  than  the  calculatea  amount. 

The  reaction  affords  a  quick  and  easy  method  of  determining  the  quantity  of  urea 
contained  in  aqueous  solutions,  especially  in  urine,  the  nitrogen  evolved  being  col 
lected  in  a  graduated  tube,  and  the  amount  of  urea  calculated  from  the  measured 
volume,  due  attention  being  given  to  the  correction  just  mentioned,  also  to  corrections 
for  temperature  and  the  tension  of  aqueous  vapour,^  and  in  exact  experiments  to  the 
variations  of  atmospheric  pressure. 

Sodium  hypobromite  is  a  more  convenient  oxidiser  than  the  hypochlorite,  being 
more  efR^ve,  and  at  the  same  time  more  stable,  as  first  pointed  out  by  Knop  (J,  pr» 
Ckem,  [8],  iii.  1).  A  solution  of  convenient  strensth  is  obtained  bv  dissolving  100 
grains  of  solid  caustic  soda  in  250  cc.  of  water  and  adding  25  cc.  of  bromine. 

For  description  and  figures  of  apparatus  for  carrying  out  the  determination,  see 
Russell  a.  West  (loe,  ciL) ;  Dupri  {Chem.  Soe.  J.  1877,  i.  534) ;  Simpson  a.  aXeefe 
{UfitL  888). 

■flTer^oarbMBlde*  When  soda-ley  is  added  to  a  solution  of  urea  mixed  with 
silver  nitrate,  a  silver  compound  separates  in  the  form  of  a  light  yellow  precipitate 
which  is  gelatinous  at  first,  but  after  a  while  becomes  firmer,  and  easy  to  filter  and 
wash.  To  this  compound  Liebig  (Annakn,  Ixxxv.  289)  asdgned  the  formula 
2C0N^\8AgH)  (v.  961),  but  according  to  £.  Mulder(i>M(/.  Chem,  Ota,  Ber,  vi.  1019) 
it  is  a  simple  derivative  of  carbamide  represented  by  the  formula  GON'H'Ag' ;  when 
heated  it  gives  off  ammonia,  as  observed  by  Liebig,  but  does  not  detonate. 

Salts  of  SydrosjI^osrlMuiilde,  NH*.GO.NH(OH^,  {\9t  SuppL  725}.  The 
potaumm  hudoodutmnUts  are  predpitated  when  an  alcohouc  solution  of  urea  is  added 
to  a  solution  of  potasdum  or  sodium  ethvlate ;  they  are  colourless,  and  often  crys- 
talline, but  they  absorb  water  greedily  uom  the  air  and  have  not  been  obtained 
pure.  The  potassium  salt,  dried  in  a  current  of  air,  appeared  to  have  the 
compodtion  CON*H*(OK).CON*H*(OH).  A  load  salt,  having  the  compodtion 
(C«HH)*)«Pb.(NKJHH)*)^b.NK)H<0«,  is  obtained  when  an  aqueous  solution  of  sodium- 
hydroxyl-carbamide  is  mixed  with  a  solution  of  lead  acetate  till  the  predpitate  whioh 
forms  at  first  is  redissolved :  the  clear  solution  then  depodts  colourless  crystals  of  the 
salt  above  formulated.  An  aqueous  solution  of  the  potasdum  salt  mixed  with  cuprio 
acstats  forms  a  gummy  preciptate  which  becomes  olive-green  and  shining  when  dry, 
and  may  be  approximately  represented  by  the  formula,  4N*0HK)H)u.C^*0' 
(N.  Hodges,  Liebi^s  Jntuden,  clxxxii.  214). 

•  With  RuaeU  a.  Wwt'i  appantos,  and  at  the  tampaatare  of  tt^  F.,  wUdi  to  about  that  of  the 
WBxdi  of  boqyltato,  and  of  rooms  in  wliich  the  experiments  are  most  likely  to  be  made,  the  tension  of 
the  aqueous  vapour,  togetlwr  with  the  expansion  of  the  gas,  almost  exactly  oonnterbalances  the  loss 
of  nitrogen  in  the  reaction. 
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Substitution-derivaiivea  of  Carbamide* 

A.     Containing  Monatormc  Aloohol-radides, 

Btotbjl-oarbaiiilde,  GH>(C>H«)n^O.  The  Bymmetarieal  modifietttioa  of  this 
compound  NH(C>H*).GO.NH(G<H*),  which  Hofbiaim  obtained  by  the  aedon  of  etkyl. 
amine  on  ethyl-carbimide  (ethyl  isocyanste,  i.  754)  is  also  formed  as  a  l^fa-pradifli  m 
the  preparation  of  ethyl  cyaniae.  It  diaeolvea  readily  in  water,  alcohol,  and  aUMr,  ailte 
at  107'd''-110°,  and  distils  without  decomposition  at  leo^*  (y.  Zotte,  IMi^B  dawdw, 
clxxix.  101).  According  to  Habich  a.  Limpricht  {ibid.  or.  396),  it  melti  at  100*  nd 
distils  at  about  260® ;  according  to  Wurts  (Bkf.  chim,  pure.  It.  199)  it  malts  at  llS-f^ 
and  boils  at  263°.    Heated  wi&  potash  it  yields  ethylamine  (t.  Zotta). 

On  passine  niiroua  acid  into  an  alcoholic  solution  of  diethyl-eartamids  in  aitiK 
acid,  an  oily  liquid  is  formed  heavier  than  water  and  only  sligfatlT  soluble  thsMB. 
This  compound  decomposes  with  great  Tiolence  below  100®,  giving  off  gases  and 
white  Tapours.  When  mixed  with  sand  and  heated,  it  giyes  off  carbon  dionie, 
ethylene,  nitrogen,  and  ethyl-carbozylamine,  GO=N — 0^*.  Heated  with  nitiie  aeid, 
it  gires  off  carbon  dioxide  and  yields  nitrate  of  ethylamine.  t.  Zotta  assigns  to  ^ 
oily  liquid  produced  by  the  action  of  nitrous  add  on  diethyl-carbamida,  tha  fbtmli 

0»fl»— N<^^^^)>N— C«H».    According  to  Wurtz,  on  the  other  hand  {foe.  eU.)  tJtm 

products  obtained  by  the  action  of  nitrous  add  on  diethyl-oarbamidoafe-  onrboo  dionds, 
ilitrogen,  and  diethylamine ;  perhaps,  howsvar,  the  reaction  which  Wuzta  dbswad 
took  place  at  a  higher  temperature. 

Tetrethjl^arlMunlde,  N(C*H«)^CO.N(C'H*)*  is  formed  on  pasnng  earboxfl 
chloride  into  a  solution  of  diethylamine  in  ligroin.  It  boils  at  206®,  £sso1tss  in  ado, 
and  is  predpitated  &om  the  solutions  by  alkalis  (W.  Hicfaler,  Deiu,  Ckem,  €hm,  Btr. 
vii.  1664). 

PlMiijl*o«rbaiiiide  or  Onrlwinllnintde,  NH'.CO.NH(C«H*),  is  fbcmed  by  tlis 
combination  of  ammonia  with  phenyl  isocvanate  (obtained  1^  distilling  diphnq^- 
carbamide  with  carbodiphenylimide), — or  by  the  action  of  potassium  c^anats  oo 
aniline  hprdroehloride  (Weith,  Deui.  Chem.  Chu,  Ber,  ix.  810).  It  aystallises  in  the 
monodimc  system,  exhibiting  the  faces  oo  F  oo,  OP,  -P  oo,  oo  P,  oo  £2.  The  oystak 
are  tabular  from  predominance  of  the  face  ooPoo,  according  to  which  tfasy  also 
exhibit  very  distinct  deavage  (Araruni,  Pogg,  Ann.  dii.  284).  Meltipg  poiat, 
144®-1460  (Weith). 

IMpHenjl-onrbamlde,  CH^CH*)*NK).     Of  this  compound  thera  axe  two 

modifications,  viz. — 

Symmetrical  (carbanUide)        ....        NH(G»H*).OOJOT(Cra») 
Unsymmetrical NH«.COJ^(0^»)P 

a.  CarbanUide  (i.  766)  is  formed:  1.  By  heating  dry  monoj^enyl-earbamide 
(1  mol.)  with  aniline  (1  mol.)  to  180°-190®,  as  longas  ammonia  continues  to  baefolTed:— 

CO<n]^0«H»)  +  NBL't^^*)  «  NH»  +  00(NH.O^»)». 

The  radio-crystalline  product  of  the  reaction  is  washed,  first  with  ray  dihte 
hydrochloric  add,  then  with  hot  water,  and  finally  with  cold  alcohol ;  and  the  iisidM 
recrystallised  &om  alcohol  yields  pure  carbanilide,  amounting  to  96  par  eant  of  the 
calcukted  quantity  (Weith.  Deut.  Chem.  Gee.  Ber.  ix.  820). 

2.  Together  with  alcohol  and  acetone,  by  heating  aniline  for  a  short  tims  with 
ethylic  aceto-aoetate: 

OH».CO.OH«.CO«0»H»  +  2NHWH*  =  0«H«0  +  CO(CH»)«  +  CO(NH0V)*. 

The  carbanilide  thus  produced  may  be  freed  from  alcohol  by  distillation  (Oppeahsim 
a.  Precht,  ibid.  1098). 

Carbanilide  is  resolved  by  heating  with  aloohoUo  ammonia  into  earbamids  aad 
aniline : 

CO(NH.C-H*)*  +   2NH»  »  CX)(NH«)«  +  2NH*(C^») 

(CUus,  ibid,  698). 

Heated  for  four  or  five  hours  irithphoephorue  trichloride,  it  yields  phenyl  isooyaaats 
with  traces  of  hydrochloride  of  tripnenyl-goanidine,  the  reaction  apparently  tridng 
pUce  by  two  stages,  thus : 

00(NHCra»)«  =  H«0   +   C(NC«H»)«; 
CXNG»H»)«  +  00(NHC'H*)«  =  CONC«H»  +  0(NHC«H»)«NC«H» 

fWmtb,  ibid.  810). 
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fi.  Unsvmmeirieal  Diph$nyl'Cafhamide,  NH*.GO.N(G*H^)^.— When  car- 
bcmyl  chloride  (phosgene)  is  slowly  passed  to  saturation  into  a  solution  of  diphenyl- 
amine  in  ohlorofonn,  diphenylamine  hydrochloride  separates  out,  and  the  filtrate 
when  evaporated  leaves  diphenylcarhamic  chloride,  C1.C0.N(C*H*)',  as  a  bluish  salt 
which  crystallises  from  alcohol  in  white  scales;  and  this  chloride,  heated  with 
alcoholic  ammonia  in  a  sealed  tube  to  a  temperature  not  exceeding  100°,  is  converted 
into  onsymmetrical  diphenyl-carbamide.  This  compound  ciystallises  from  alcohol  in 
long  needles  melting  at  189°.  It  is  resolved  by  beat  into  cyanic  acid  and  diphenyl- 
amine :  NH«  OO.N(C^»y  ^  CONH  +  NH(C«H»)«.  Distilled  with  soUd  potassium 
hydrate  it  is  completely  resolved  into  carbon  dioxide,  ammonia,  and  diphenylamine : 

NH«.COJJ(C»H»)«  +  H«0  «  C0«  +  NH»  +  NH(0«H»)«. 

Heated  with  sulphuric  acid  it  forms  a  blue  solution  (Michler,  Dtut,  Chem,  Ota,  Ber 
be  396). 

JBromodipkenyl'earbamide, — Diphenyl-carbamide  [unsymmetrical]  is  capable 
of  taking  up  [^y  substitution]  6  atoms  of  bromine,  but  the  only  one  of  the  resulting 
derivatives  hitherto  isolated  is  a  dibromophenylcarbamide,  in  which  the  two 
bromine-atoms  are  situated  in  different  phenyl-groups,  as  represented  by  the  formula 

NH'.COJ^^Qen^o  .    This  compound,  heated  with  alcoholic  ammonia,  is  completely 

resolved  into  1  moL  carbamide  and  2  mol.  bromaniline : 

NH«.OO.N(C«H*Br)«  +   2NH»  =  CO(NH«)«  +   2(NH«.C'H*Br) 

(Glaus  a.  Henn,  Liebi^a  AxnaUn,  olxxix.  120). 

THpbeByl-oai1»«iiil««t  NH(C^»).GO.N(C*H*^*,  is  formed,  together  with  aniline 
hydrochloride,  by  heating  diphenylcarhamic  chloride  dissolved  in  chloroform  with 
2  mol.  amline  to  180°  for  half  an  hour: — 

N((>H»)».OO.a  +  2NH»(0«H»)  -  N(C«H»)».CO.NH(0«H»)  +  NH«C*H».HC1. 

It  crystallises  in  white  needles,  melts  at  186°,  forms  a  deep  blue  solution  with  hot 
strong  sulphuric  add,  and  is  resolved,  by  distillation  with  solid  potassium  hydrate, 
into  aniline,  diphenvlamine,  and  carbon  dioxide.  Heated  to  160°  with  excess  of 
amline,  it  yields  diphenylamine  and  carbanilide : 

N(C^»)«.CO.NH(C^»)  +  NH«(0«H»)  «  NH(0«H»)»  +  CO(NH.C«H»)« 

(Michler,  Deut.  Chem.  Gea,  Ber.  ix.  396). 

TetrapHenjI^-owlMunlde,  N(C*H«)*.CO.N(G*H*)>,  is  obtained  by  heating 
diphenylamine  (more  than  2  mol.)  with  chlorodiphenyl-carbamic  acid  (1  moL)  to 
200°-220°  in  closed  tubes  for  several  hours.  From  the  product  mixed  with  chloroform 
the  excess  of  diphenylamine  may  be  precipitated  by  dry  hydrogen  chloride ;  and  on 
ov^)orating  the  filtrate,  tetraphenyl-carbamide  remains,  contaminated  with  a  red 
odonring  matter,  from  which  it  mav  be  freed  by  washing  with  alcohol  (Michler). 
Tetrapbenylcarbamide  is  also  formed  as  a  secondary  product  in  the  preparation  of 
diphenylcarhamic  chloride  by  the  action  of  carbonyl  chloride  on  dipnenylamine 
(Girard  a.  WiUm,  Bull.  8oc.  Ckim.  [2],  xxv.  248).  It  dissolves  easify  in  boiling 
alcohol  and  melts  at  188°  (Michler),  at  178°-180°  (Girazd  a.  WiUm).  When  heated 
to  250^  with  hydrochloric  add,  it  is  resolved  into  diphenylamine  and  carbon  dioxide. 

Plienyl^-ettiTl-eftrbainlde  Chloride,  or  atlijl-pbeii jl-oaritainie  Ohio- 
ride,  G1.G0.17(G'H*)(G*H*),  produced  hy  the  action  of  carbonyl  chloride  on  ethyl- 
aniline,  forms  small  white  needles  melting  at  about  62°. 

IMphOD3rlp>diothjl^Kmrbamldo,  N(G^*^^GO.N(G*H»)^  obtained  by  gradually 
adding  an  excess  of  diethylamine  to  a  cooled  solution  of  diphen^lcarbamic  chloride  in 
chloroform,  has  a  peculiar  odour,  dissolves  easily  in  alcohol,  is  insoluble  in  water,  and 
forms  small  laminar  crystals  melting  at  64°.  By  distillation  with  potassium  hydrate 
it  is  resolved  into  diethylamine,  diphenylamine,  and  carbon  dioxide. 

An  isomeric  diphenyl-diethyl-carbamide.  N(G«H»XC^*).CX).N(G«H»XC*H»),  pre- 
pared from  phenyl-ethyl-carbamic  chloride  and  ethylaniline,  is  insoluble  in  water, 
soluble  in  hot  alcohol,  and  melts  at  79°. 

Triphen7l-oth7l-oariiamldo»N(G«H*)*.G0.N(G'H»XC«H*),  ^m  diphenylamine 
and  i^enyl-eUiyl-carbamic  chloride,  crystallises  in  small  needles. 

All  the  carbamides  containing  the  group  N(G'H*)'  exhibit,  when  heated  with 
strong  sulphuric  acid,  the  blue  coloration  characteristic  of  diphenylamine  (Michler). 

IMphenyWparatoIyl-oarbamlde,  N(G"H«)>.CO.NH(G*H^GH*),  from  diphenyl- 
carhamic chloride  and  paratoluidine,  forms  white  needles  melting  at  130°.  Heated 
with  toluidine  to  a  temperature  above  130°,  it  yields  ditolylcarbamide,  CO(NHC^')« 
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(m.  p.  266°),  and  diphenylcarbamide.    A  carbamide  ^pared  from  cailMmjl 

and  paratoloidine  was  also  found  to  melt  at  256°.  Diphenjl-tolyl-carbamidediftillei 
with  potassium  hydrate  is  resolyed  into  diphenylamine,  tolnidine,  and  eaiboii  dionde 
(MicUer> 

OrtAotohtidine  reacts  with  diphenylcarbamide  in  the  same  manner  as  pan- 
tolnidine. 

VlMiiyleiifr-OMrbaiiilde,    C^«<^^qq  ^,  obtained  by  digesting  pba^ykM- 

diamine  hydrochloride  with  potassium  cyanate,  forms  crystals,  nsnaUy  of  a  nddidi 
colour,  wMoh  dissolve  sparingly  in  aloohoL  When  heated  abore  800^,  it  melts  sad 
sublimes  in  small  needle-shaped  crystals  (B.  B.  Warder,  Deut.  Cffntm.  Q§»,  Bar.  Ym. 
1180). 

BenxylHMtflMUiildas,  or  Bensyl-iireas.  Mono-  and Di-bemtyl-earbamide, 
GH^C^H^NK)  and  ORWHTf^fK),  are  fbrmed  sinmltaneonsly  by  heating  urea  or 
potassium  oyanate  with  benzol  chloride  and  alcohol  in  a  reflux  appaztttas,  tad.  are 
separated  by  water,  which  dissolves  only  the  former  (.OannisBaro,  Qml  QtqfgL  181]^ 
Monobenzyl-carbamide  is  also  formed,  together  with  add  benzyl  carbonate^  1^  haatbig 
benzyl  isocyanate  (benzyl-carbimide)  wiu  water  (Letts,  CAem.  8oe»  Jowt,  1872.  449) : 

2C0N(CH')  +  2fl«0  -  CO<NHJq^   +  ^<^S!' 

and,  without  any  other  organic  compound,  by  mixing  the  warm  solutionfl  of  jpotassiuai 
cyanate  and  benzylamine  h^rdrochloride  in  molecular  proportions,  and  bouing  fat  a 
short  time  (Patem6  a.  Spica,  QasttUa  okmica  UamnOf  r,  388).  It  cxyitaUiiM  ia 
colourless  needles,  melting  at  147°-147*6°. 


Dibeneyl-earhamide,  CON*(C'H')>H*.— The   smimetneal  moi^htim, 

Nnic'H''  ^  ^<>i™^  ^7  lifting  urea  with  benzyl-alcohol  to  200° : 

CO(NH«)«  +  2CH'0H  -  CO(NH.C'H»)«  +  2H«0; 

at  130°-140°  benzyl  carbamate  is  formed,  together  with  a  oiystalline  body  not  yet 
fully  examined,  which  melts  at  161°-162'6°  (Gampani  a.  Amato,  OcMgietia,  i.  M). 
The  same  dibenzyl-carbamide  is  formed  from  the  corresponding  thioearbaraide  liy 
desulphuratioh  in  alcoholic  solution  with  mercuric  oxide  (Strakoech,  Ikut,  C^kem,  Gm, 
Ber.  Y,  692);  also,  together  with  mono-benzyl-carbamide,  by  the  proceaws  already 
mentioned.    It  melts  at  167**  (Patem6  a.  Spica). 

Th»  wuymmeiriGal  modification,  ^^^^(niwxt*  horned  by  treating  potMnni 

cyanate  with  dibenzylamine  hydrochloride  in  molecular  proportion,  crystallises  is 
large  hard  shining  prisms,  slightly  soluble  in  cold  water  and  melting  at  124"-126° 
(Patem6  a.  Spic4,  Gazzetta,  t.  388). 

Cymjl^^arlMuiiida.  0"H*<NH)-NH*.CO.NH(G>*H|n,  also  called  Ommm^mms, 
is  formed  by  the  action  of  ammonia  on  cymyl  cyanate.  When  oymyl  ehlaridB  (pre- 
pared from  cymyl  alcohol  and  hydrochloric  acid)  is  heated  for  a  few  minntf  with 
excess  of  silver  cyanate,  and  then  distilled,  cymyl  cyanate  passes  over  aa  a  yellovidi 
liquid,  clear  at  first,  but  quickly  becoming  turbid  and  gradually  thickening,  eridBotlj 
fh>m  formation  of  cyanurate.  The  freshly  prepared  cyanate  in  contact  wiSi  ammoBit 
solidifies  to  a  crystalline  mass  of  cy my  1-carb amide,  which  crystallises  £R»n  boiliag 
water  in  small  shining  needles,  melting  at  133**,  and  dissolving  easily  in  boiliiiig 
water,  alcohol,  and  ether. 

Gvmyl-carbamide  distilled  alone,  or  cymyl  cyanate  distilled  with  potash,  yiddi 
cymylamine,  G**H''.NH',  which,  when  mixed  with  carbon  disul^hide,  8olidiflsa»  with 
great  rise  of  temperature,  to  a  crystalline  pulp,  probably  consisting  of  cymylthio- 
carbamate  of  cymylamine;  and  this  last  compound  trea^  wiui  msranie 
chloride,  yields  cymyl  isocyanate  or  cymyl-carbimide,  G8=K — 0'*H'*(A 
Baab,  Dent,  Chem,  Gea.  Ber,  viii.  1151). 

Pkensft-cpiwl-earbamide,  G"H»NK)  -  G•H^NH.GO.NH.G>•H»  prepared  like 
cymyl-earbamide,  with  aniline  instead  of  ammonia,  forms  small  needles  m^ripg  at 
140°,  insoluble  in  water,  slightly  soluble  !n  cold,  more  freely  in  warm  alcohol  (Baab). 
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B.    DeriffoHvit  eontamiitff  Aeid-radiaiei, 


NH>.OO.NH(C*H*0),  is  obtained  by  heating  the  cozrespond- 
iqg  thioearbamide  in  aqneootf  aolntion  with  mercuric  cyanide ;  hydrocyanic  acid  is 
tlMfi  nyen  oC  xnarenrie  inlphide  is  precipitated,  and  the  filtrate  on  evaporation  leaves 
aoetyl-cazbainide  (Nenold  a.  Leppert^  Ikut,  Chem,  Ges.  Ber,  vi.  906.  See  also  i.  763 ; 
l9t  Stippl  llie). 

JBromaoetyl-earbamide,  NH'.CO.NH(Ofl^rO),  prepared  by  mixing  8  parts 
of  QreA  -with  6  parts  of  bromacetyl  bromide  and  reoystallising  the  product  from  mlnte 
aloohd,  fbnns  needles  dightly  soluble  in  cold  water,  decomposed  b^  boilins  water 
and  allaliai  "Bjamtmmia  it  is  converted  either  into  gly  coly  1-car  bamide  (hydantoin) 
or  ozacetyl-oarbamide  (hydantoiic  acid): — 

NH».OOjra(C»H»BrO)  -  NH«  CX).N(C«flH))  +  HBr. 

Glyoolyl-OHiMinida. 

OTP.pOJra(C«H'BrO)  +  HH)  -  NH«.CO.NH[0«H«(OH)0]  +  HBr 

OnKTfty]  -flirlTMniiliti 
(Bacyvr,  LiOi^s  Annakn,  cxxx.  129). 

Aecoiding  to  E.  Holder,  on  the  other  hand  {DmU,  Chem,  Ge$.  Ber.  vi.  1016), 
yAkOk  bromaoetyl-carbamide  is  heated  to  100®  in  sealed  tabes  with  alcoholic  ammonia, 
or  when  dxr  ammonia  gas  is  passed  through  an  alcoholic  solution  of  bromacetvl- 
carWmide  heated  to  7^-80®,  the  chief  product  is  diglycolamido-diuramide, 
(NH*.OOJBm.GO.CH*JF.NH,  which  melts  at  196®-200<>,  dissolves  sparingly  in  cold, 
with  moderate  &cilii^  in  wann  water,  and  crystallises  in  slender  needles.  With 
aqueous  ammonia  different  products  are  obtained. 

Okloraeetyl-earbamide,  NH'.OO.NH(C'HK)IO),  is  prepared  by  mixing  1  mol. 
urea  with  1  moL  chloraoet^l  chloride  (Ist  Bum*  1116).  A  brisk  reaction  then  takes 
place,  attended  with  evolution  of  hydrogen  chloride,  after  which  the  mixture  must  be 
heated  on  the  water-bath  for  several  hours.  The  sublimate  thereby  obtained  is  washed 
with  cold  water,  pressed,  and  crystallised  several  times  from  iJcohol  with  the  aid  of 
animal  charcoaL 

Ghloraoetyl-carbamide  cfystallises  in  thin  colourless  needles,  insoluble  in  cold, 
•lidbtlj  soluble  in  boiling  water,  moderately  soluble  in  hot  alcohol  of  40  per  cent. 
It  pepns  to  decompose  at  160®,  a  small  quantity,  however,  subliming  without  decom- 
position and  forminff  white  siU^  needles.  It  is  decomposed  by  fuming  nitric  add ; 
oissolved  without  ^composition  by  warm  concentrated  ^  nitric  acid,  also  by  sulphuric, 
hj^drochloric,  and  acetic  acids.  It  is  not  precipitated  by  mercurous  nitrate  or  silver 
nitrate.  With  nascent  hydrpgen  it  yields,  not  acetyl-carbamide  and  hydrochloric 
add,  but  another  body,  whidi  is  crystallisable  and  easily  soluble  in  cold  water 
(Tomman,  Compt,  rmi,  Ixxvi.  640). 

Triehlorae^iyl-earhamide,  NH*.OO.NH(0*aH)),  is  obtained  by  gently  boil- 
iqg  1  part  of  urea  with  16  parts  of  trichloracetyl  chloride,  heating  the  product,  as 
soon  as  it  b^ns  to  solidify,  m  order  to  drive  off  the  excess  of  trichloracetyl  chloride 
and  the  hydrochloric  add  produced,  and  czystallising  the  reddual  white  mass  from 
alcohoL  It  forms  white  sill^  needles  soluble  in  boiling  water,  but  decomposing  at  the 
same  time,  with  formation  of  a  substance  not  yet  investigated;  soluble  also  in  warm 
anilina.  It  melts  at  160®,  partly  subliming  and  decomposing  at  the  same  time,  and 
decomposing  wiUi  an  odour  of  acetic  add.  It  is  decoinposed  by  boiling  with  soda-ley, 
and  with  alcoholic  ammonia.  Phosphorus  trichloride  does  not  act  upon  it  at  ordinary 
tenmeratures ;  but  hot  strong  nitnc  acid  decomposes  it  with  great  energy  and  rapid 
evolution  of  gas.  Moist  diver  oxide  and  lead  oxide  withdraw  the  chloride,  forming 
Baits  soluble  in  odd  water.  Mercuric  nitrate  precipitates  the  aqueous  solution 
(Meldola  a.  Tommad,  Chtm.  8oe,  Jour,  1874,  404). 

JUmtophmnjUcmthmmidmf  OON>H*|[0'H*OXO*H*),  is  formed  by  heaUng 
monophenyl-carbamide,  or  diphenyl-gnanidine,  with  acetic  anhydride  to  100®.  The 
reaction  in  the  latter  case  is  represented  by  the  equation : 

N»CH»(CTa»)«  +  (C«H»0)«0  =  CON«H«((?H»OXC^0  +  NH(C«H»OXC«H») 
Dtphcnai-  Aoefcio  Aoetophenyl-  Aoetanflide. 

gnanidme.  aahydride.  oaztemide. 

On  treating  the  oily  product  of  this  reaction  with  boiling  water,  the  acetophenyl- 
earbamide  is  dissolve^  and  separates  in  needles  on  cooling.  After  repeated  crystalr 
Usation  from  alcohol,  it  mdts  constantly  at  183®  (D.  MCraath,  DetU.  Cktm,  Gea,  Ber. 
Tiii  1181). 

AoetodlpHenyl-oartMuiilde  or  Aoeto-oartNuiUlde,  0ON^(C'H*0XC•H»)^ 
is  formed,  together  with  acetamide  and  a  small  quantity  of  carbon  dioxide  (resulting 
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from  partial  decomposition  of  the  product)  by  heating  diphenjl-gnanidina  with 
anhyuride  to  160® : 

N«CH«(C«H»)«  +  (0»H»0)«0  «  CON«H(0»H»0)(C«H»)«  +  OTR(C«HW). 

The  dark  brown  liquid  product  dissolves  almost  completely  in  boiling  WKtar,  aqd  the 
solution  on  cooling  deposits  the  acetodiphenyl-carbamide  in  fine  oystalliiM  lamiut 
When  purified  by  reczyvtalliBation  from  alcohol  it  melts  at  116®  (JfCreath). 

Benaojl-oarbainldas  (Nitro-  and  Amido-).  Metanitrobenioyl-ear- 
bamide,  NH'.CO.NHLCHXNO')OL  pre{»red  by  the  action  of  mfltomteolniijl 
chloride  on  urea,  is  converted  by  boiling  with  ammonium  sulphide  into  mstamido* 
bensoyl-carbamide,  0>H*N*0>»NH>.GO.Nfl[C'H«(NH:^)0].  This  eompooid 
forms  slender  needles  haying  a  bitter  taste,  moderately  soluble  m  hot  watir  wad  hot 
alcohol,  insoluble  in  ether.  When  heated  to  200®,  it  is  converted  into  a  aaatal 
substance.  Its  solution  in  potash  is  precipitated  both  by  carbonic  acid  and  bj 
mercuric  chloride.  Its  ht/drochloride  forms  white  needles  containing  1  moL  water  of 
crystallisation. 

Both  metamidobenzoyl-carbamide  and  the  isomeric  body,  benzoglyeoeyamine, 
or  benzcreatine  {2nd  8uppL  180X  when  heated  with  ba^^ta-water,  ^va  off  eaibai 
dioxide  and  ammonia ;  and  if  the  boiling  be  continued  till  ammonia  is  no  loogv 
evolved,  they  yield,  as  final  product,  amidobensoic  acid;  but  if  the  boiliiig  bt 
interrupted  at  an  earlier  stage,  thn  product  consists  of  the  intecmediata  m^J* 
uramidobenzoic  or  benzhydantoic  acid  {1st  Suppl,  818): 

C"H»N«0«  +  HK)  «  0»H»NK)»  +  NH« 

Ununido- 

hmifOlO  floid. 

C«H»N«0»  +  HK>  «  CrH»NO«  +  NH«  +  C0« 

Amidoben- 
loio  idd. 

Metamidobemsoyl-carbamide,  boiled  with  dilute  acids,  is  resolved  into  aaudo- 
benzoic  acid  and  urea:  0"H*N*0>  +  HK)»CH'NO>+GH«NK).  BenzoglyoocTSWM 
is  not  attacked  by  hydrochloric  acid,  either  dilute  or  concentcatod  (Gnsti,  IkKL 
Chem,  Ges,  Ber.  viii.  221). 

CH»— CH— NH— CO 
&aotjl-o«rlMuiilda«  0«H*NH)>  »  I  i     ,  formed  bj  dehjdia- 

tion  of  lacturamic  acid,  C^H*NH)*,  has  been  already  described  {2nd  8vppL  7SS). 

Malyl-carbamtde,  G>H«N'0' »  CH(G«H*OTNK).    When  urea  is  tnated  with 

asparagin,  a  body  is  formed  having  the  composition  C^W^*0* : 

OH*NK)  +   G<H»N»0«  =  G»H^N«0»  +  NH«  +  H«0; 

and  this  substance  heated  with  nitric  or  hydrochloric  acid  is  oonverted*  by  zemoval  of 
NH*,  into  malyl-carbamide,  which  ciystallises  in  prisms,  melts  with  deeompositiQB  it 
216^-220*',  and  forms  salts,  all  of  which,  excepting  the  silver  salt,  are  very  solmUs  is 
water. 

Mal^l-carbamide  treated  with'  bromine  yields  substitution-products, 
composition  according  to  the  conditions  of  the  experiment.    Five  of  these  havs 
isolated,  and  the  following  formulae  have  been  ascribed  to  them : 


(1).  0»H^Br-N*0»  (4). 

(2).  (0»H«Br*N<0«)«.H»0  (6). 

(3).  G»H»BrN«0« 


C»H«Br«NK)» 
G*H*Br«N«0« 


The  last  of  these  bodies  crystallises  in  hard  shining  hexagonal  crystals,  modentelv 
soluble  in  alcohol  and  ether,  and  decomposed  by  prolonged  heating  at  100^.  lbs 
substance,  as  well  as  (2),  is  converted  by  ammonia  into  a  body  resembling  munadd 
(Grimaux,  BtUl,  Soc,  Chim.  [2],  xxiv.  337). 

Sncoinjl-dlowrbamiae,  G«H>«N'04»C^<(C0.NH.G0.NH^*,  is  prmred  hf 
very  carefully  heating  2  mols.  urea  with  rather  more  than  1  mol.  succinyf  chloride  to 
60®-70®,  washing  the  resulting  mass  with  warm  alcohol,  and  drying  it  over  snUfanrie 
acid.  It  is  a  white  bulky  po^er,  nearly  insoluble  in  alcohol  and  ether,  Yerjua^tAj 
soluble  in  hot  water.  It  ^ssolves  in  cold  potash-ley  apparently  without  deoompoai* 
tion,  but  when  boiled  therewith  it  is  resolved  into  GO',  NH',  and  snocinie  adf  the 
first  products  of  the  reaction  being  probably  succinic  acid  and  urea  (Conndf  Ji  ft, 
Chun.  [2],  ix.  300). 
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TmocARRAKmB,  or  Qvunsvamk,  and  its  DKBiTATiyss. 

TUlocarbamlde,  GSN*H«-NH'.CS.NH*.  This  oompound,  which  Eeynolds 
obtained  bj  the  molecular  transformation  of  ammoninm  thiocjanate(la^  Suppl.  1116), 
is  also  produced  by  the  action  of  diy  hydrogen  sulphide  on  anhydrous  cyanamide, 
either  in  the  ftised  state  or  dissolyed  in  a^ydrous  ether :  in  the  latter  case  the 
passage  of  ike  gas  must  be  continued  for  two  days.  The  formation  of  thiocarbamide 
in  the  ethereal  solution  is  retarded  by  the  presence  of  adds,  but  greatly  accelerated 
by  ammonia.  Ammonium  sulphide  conyerts  cyanamide  in  aqueous  solution  into 
tniocarbamide  eyen  at  ordinary  temperatures,  and  without  simultaneous  formation  of 
dieyanodiamide.  The  salts  of  cyanamide  (cyamides)  are  acted  upon  by  hydrogen 
sulphide  in  the  same  manner  as  cyanamide  itself.  Bnr  hydrogen  sulphide  acts  with 
great  yiolence  on  silyer  cyamide  (E.  Baumann,  Deut,  Chem,  Gea,  Ber.  yiii  26). 

IRtrouB  aoid  conyerts  thiocarbamide  into  a  reddish  body,  with  eyoluUon  of  nitro- 
gen dioxide  and  probably  of  free  nitrogen.  NitrouB  ethtr  conyerts  it  into  ammonium 
tliioMmnate  (Clans,  lAebi^B  AtmaUn,  dzxiz.  135). 

lluocarbamide  and  triokhracetic  acid  heated  together  on  the  water-bath  or  in  a 
sealed  tube,  yield  chiefly  hydrogen  sulphide  and  carbon  dioxide,  perhaps  also 
chloroform  and  yolatile  organic  compounds ;  a  similar  reaction  takes  place  in  idcoholic 
solution  (Maly,  Deut.  C&n.  Qes.  Ber.  ix.  173).  With  monoehlaraceiie  aoid,  thio- 
earbamide  ^dds  thiohjrdantoin  (Claus  a.  Hermes,  IMi^s  Annalen,  dxzix.  146). 
Onnoearbamide  treated  in  aqueous  solution  with  eilver  carbamide  is  conyerted  into 
cyanamide  and  urea,  with  separation  of  silyer  sulphide.  If  the  silyer  carbamide  used 
is  quite  fresh,  another  product  is  also  formed  which  has  not  yet  been  inyesdgated 
(Ponomare£^  Bidl.  8oo.  Ckim.  [2],  zxi  646). 

Compounds. — Thiocarbamide  unites  directly  with  bromine  and  chlorine. 

The  iromide,  (CSN'H^^I'Br',  is  formed,  with  yiolent  reaction,  when  1  mol.  bromine 
is  added  to  a  concentratea  alcoholic  solution  of  1  mol.  thiocarbamide.  The  crystals 
thus  obtained  dissolye  without  alteration  in  alcohol,  are  insoluble  in  ether,  and  are 
decomposed  when  heated  alone  to  76^,  or  with  bromine.  The  aqueous  solution  when 
heated  deposits  sulphur.  Sodium-amalgam  added  to  the  alcoholic  solution  reproduces 
thiocarbamide. 

The  chloride^  (GSN'H*)^!^,  obtained  by  the  action  of  chlorine  on  a  concentrated 
alcc^olic  solution,  may  be  washed  with  ether  and  dried  at  90^-100°.  With  careful 
cooling,  both  these  compounds  may  be  prepared  in  aqueous  solution  (Claus,  Liebi^» 
JMnaim,  dzxix.  186). 

2.  With  ethyl  bromide  and  iodide.— Thiocarbamide  heated  with  ethyl 
bromide  yields  the  oompound  CSN^H^CHfBr,  whidii  crystallises  in  hexagonal  plates 
and  is  easily  dsoompoeible  (Claus  a.  Siegfried,  ibid.  146).  With  ethd  iodide,  accord- 
ing to  the  conditions  of  the  experiment,  the  com[K>unds  CSN*H^C'H*I  and 
2C8N'H^C'H*I  are  obtained;  similar  products  also  with  acetyl  chloride  (Claas  a. 
Hermei^  f6M2.) 

With  metallic  chlorides. — The  compound  (CSN'H*)*.AgCl  is  precipitated  on 
mixing  a  dilute  solution  of  thiocarbamide  with  eilier  nUrate  till  the  turbidity  at  first 
{Mpoduced  disappears,  and  then  adding  hydrochloric  acid.  This  oompound  is  not 
deeomposedby  boiling  water  containing  hydrochloric  scid,  but  pure  water  at  the 
boiling  heat  decomposes  it,  with  separation  of  silyer  sulphide.  Strong  oitric  acid 
separates  silyer  chloride.  Warm  aqueous  ammonia  withdraws  the  whole  of  the  silver 
in  the  form  of  the  sulphide,  producing  at  the  same  time  sulphur  and  dicyanodiamidine 

i Baumann,  loe.  cU,^  With  lead  chloride,  thiocarbamide  forms  the  compound 
CSN'H^.PbCl*,  which  crystallises  in  needles,  and  a  single  double  salt  with  mer* 
emroue  chloride  (Claus,  JJeoi^s  Annalen,  clxxix.  186).  With  mercuric  chloride,  thio- 
carbamide unites  in  two  proportions,  yielding  the  compound  4CSN'H^HgCl',  which 
finms  large  well-defined  crystals,  and  2CSN*H^HgCl*,  which  is  a  chalky  powder. 
These  two  compounds  are  likewise  formed,  together  with  metallic  mercury,  on  heating 
thiocarbamide  with  mercurous  chloride  (Claus,  Deut.  Chem.  Qes.  Ber.  ix.  227)> 
According  to  Maly  (ilnd.  178),  the  latter  compound  crystallises  in  tufts  of  micro- 
fleopic  needles,  yerjruightly  soluble  in  water  (a  X  per  cent,  solution  giying  a  consider- 
able precipitate),  insoluble  in  alcohol,  hydrochloric  acid,  and  salt-water.  Aqueous 
eodium  carbonate  decomposes  it>  eyen  at  ordinary  temperatures,  with  formation  of 
mereuric  sulphide. 

The  einc  compound,  2CSN*H^ZnCl^  formed  on  mixing  the  aqueous  solutions  of 
thiocarbamide  and  zinc  chloride,  is  moderately  soluble  in  warm  water,  and  crystallises 
in  large  colouriess  prisms  having  a  glassy  lustre,  and  mostly  grouped  in  spherical 
geodes.    Hydrogen  sulphide  passed  into  its  solution  throws  down  sulpliide  uf  sine. 
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Nitric  acid  ozidifles  the  compound  with  Tiolence.    The  oompoiiiid  of  tiuoeazhMudt 
with  stannous  chloride  haa  the  compoeition  2GSN*H^J3n01'  (Maly). 

With  other  metallic  salts. — ^With  mereurio  iodide,  thioearbamide  fixms  tlie 
compound  OSNIC^Hgl',  which  crystallises  in  yellow  need^,  insoluble  in  wite  and 
in  add  liquids,  but  easily  soluble  in  alcohol.  With  eadmium  tulpkaU  it  foaa  the 
salt  &CSN*H\CdSO*,  which  crystallises  in  short  white  prisms,  or  longer  tnuispuent 
and  colourless  prisms,  moderately  soluble  in  water  (Maly). 

Thiocarbamide  and  recently  precipitated  silver  oxalate  (1  moL  of  eadi)  hseted 
together  in  aqueous  solution  to  about  100°,  yield  silTer  solphide,  ^snamide,  and 
oimlic  acid  (]!£ily).  According  to  Claus  (loo,  eU.)&  solution  of  diiocarbamide  boiled 
with  silver  oxalate  yields  metallic  silver,  silver  sulphide^  and  the  oompffiid 
eCSN'H^C^O^Ag',  wmch  crystallises  fh>m  hot  water  in  glassy  needles,  Tsiy  dt^y 
soluble  in  cold  water.  It  has  a  neutral  reaction ;  decomposes  at  60^,  with  iepxttke 
of  silver ;  is  decomposed  bv  hydrogen  sulphide  into  ozalio  add,  silver  snl^uda^  sod 
thiocarbamide,  and  partially  decomposed  oy  prolonged  boilinff  with  water,  this  ds- 
compodtion,  as  also  the  reaction  between  thiocarbamide  and  silver  oxalate^  biiBg 
attended  with  evolution  of  carbon  dioxide  (Maly). 

Substiiutio%'der%vatives  of  Thioearh amide. 
A,  CotUaimng  Monalomio  Jloohol^adieles, 

Allyl^ethjl-tiaoearbaiBide,  OSN^CH^XCHn,  formed  b^  the  aetioB  d 

allyl-thiocarbimide  on  ethylamine,  crystaUises  with  difficult,  and  is  dcrwly  dval* 
phurised  by  mercurophenyl  ammonium  chloride,  yielding  a  salt  whidi  oystallisH 
from  water  in  efflorescent  tablets,  containing  the  elements  of  1  moL  etbyl-phenyl-giiaa- 
idine  and  1  mol.  mercuric  chloride,  and  therefore  represented  by  the  focmda 
ON«(0»H»)(Cra»)(C«H»)H«.HgCl«  (Forster,  Deut,  Chem  Gee.  Ber.  yii.  294). 

Amyl^thioearbaiiitda,  NH*.CS.NH(C*H").  This  compound  foxms  "»*"»iM^»i«if 
dystals,  exhibiting  the  faces  OP,  ooP,  — r,  {£oo .  The  cryrtals  axe  tabular,  ftoB 
predominance  of  OP,  and  cleave  perfectly  in  tne  direction  of  this  face,  leas  dirtaeth 
paralid  to  ooP.  The  plane  of  the  optic  axes  is  the  plane  of  symmetzy  (Axmm, 
Poffff,  Ann,  cliL  284). 

PHoBjl-tlilooartMUiiiae,  CrH^»NH'.CS.NH(0'H>),  is  farmed  bj  the  action 
of  hydrogen  sulphide  on  cyananilide  dissolved  in  benxene,  and  oystaUisee  oiifc  mm 
whUe  the  gas  is  passing  through  the  Uquid :  GN.NH.C«H*  +  H>S  -  NH'.G8Jm(0V) 
(Weith  a.  Weber,  Deut,  Chem,  Ges,  Ber,  viii.  819).  Phenyl-thiocarbamide  ms^  also 
be  prepared  by  heating  aniline  hydrochloride  and  ammonium  thioi^anate  (1  umL  of 
each)  on  the  water-baSi  for  a  few  hours,  evaporating  to  drynees,  again  heating  the 
residue  for  some  hours,  and  treating' the  mdt  with  water,  which  leaves  the  phsogi- 
thiocarbamide  undissolved  (Ph.  de  Vermont,  Oompt,  rend,  Ixxxii.  612). 

This  compound,  heated  with  ammonia  to  130-140°,  is  resdred  into  ^■■■fiM?wiii* 
thiocyanate  and  aniline.  Heated  with  hudroehlorio  acid  to  120°  in  a  sealed  tabi^  it  is 
resolved  into  carbon  dioxide,  ammonia,  hydrogen  sulphide,  and  aniline.  Heated  bj 
itself  to  180°  in  a  sealed  tube,  it  splits  up  into  diphenyl-thiocarbamide,aBiBMBi» 
aniline,  and  other  products  (de  Olermont).  Boiled  in  alcoholic  solution  with  wmrvme 
phenylammonium  chloride,  it  is  very  slowly  desulphurised,  and  converted,  ate 
several  days'  boiling,  into  diphenyl-guanidine,  the  formation  of  wliidi  is  pxessded 
by  that  of  intermediate  products  containing  sulphur  and  mercuiy.  The  final  rei  '* 
is  represented  by  the  equation : 

CSN«H>(C«H»)  +  NC«H».Hg.H01  =  CN»(C«H»)«H».H01  +  Hg|9. 

BlpHenjI^itlilooaniamiae  or  ThloosrlMuilliae,  GS(NH.O^*)F.    13iia 

pound,  added  by  small  portions  to  fuming  nitric  acid,  is  very  strongly  attacked;  and 
on  pouring  the  resulting  solution  into  water,  boiling  the  nitro-compound  iribidi  aeg^ 
rates  out  with  alcohol,  and  recrystallidng  the  undissolved  reddue  from  stzo^g  nitrie 
acid,  yellow  crystals  are  obtained  having  the  composition  of  tetranitro-ftioxy- 
b  enze  n  0,  C*'H*(NO*)*N*0.  Diphenyl-tMocarbamide  is  oxidised  by  chromic  add  and 
permanganic  add,  probably  yidding  phenjrl-thiocarbimide  and  diphenyl- 
oarb amide  (m.  p.  about  228°).  On  heating  diphenyl-thiocarbamide  wiu strong 
sulphuric  acid,  sulphur  dioxide  and  carbon  oxysulphide  are  given  off.  The  prodhKt 
diluted  with  water  and  saturated  with  potash,  yidds  a  laige  quantity  of  anflins; 
when  neutralised  with  barium  carbonate  and  evaporated,  it  ^^da  auij  tnees  of  a 
barium  salt  (A.  Fleischer,  Deut.  Chem,  Ges,  Ber.  ix.  093). 

Diphenyl-thiocarbamide  boiled  in  alcoholic  solution  with  mereuropken^'mmmonkm 
chloride,  as  long  as  mercuric  sulphide  separates  out,  is  decomposed  in  the  sms 
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nuumer  as  monopliaiyl-thiocarbainide,  yielding   the   hydrochloride   of  triphenyl- 
gnuddine,  which  remains  on  eyaporating  the  alcoholic  filtrate  (Fonter,  ibid.  yii.  294). 

OSN«H^O»H»)«  +  NC«H»JHg.Ha  -  HgS  +  CS\Om*yE*JLCi. 

On  th§  rtactum  (ff  DipkeHffl-thiocarbafiude  wUh  CkirbodiphMylimide,  see  p.  402. 
Di  -paraehlorophenyl  -thiooarbamide, 

C8(NH.C»HH31)«  -  CT^  ^NH— CS-HN^  ^1 

(Loflanitaeh»  JDeut.  Chem,  Ges,  Ber,  7.  166 ;  BeUatein  a.  Knrbatow,  ibid.  Tii.  780, 1489, 
1660). — ^ThiB  compound,  prepared  by  boiling  o-chloraniline  (from  chloraoetanilide) 
-with  carbon  disnlphide,  cryitalliaes  &om  alconol  in  long  white  needles,  baring  a 
bitter  taste  and  mating  at  166°  ^Losanitach),  at  168°  fB.  and  E).  On  mixing  its 
hot  alcoholic  solution  with  iodine  dissoWed  in  alcohol,  smphnr  immediately  separates 
out;  Uie remaining  liquid  distilled  in  a  current  of  steam  yields  ohlorophenyl- 
thioearbimide,8C=:N — C'HKIl;  and  the  residue  of  the  distillation  contains  a 
small  quantity  of  a  substance  soluble  in  alkali,  precipitable  therefrom  by  acids,  andprob- 
ably  consisting  of  tri c hloro-triphenyl-guanidine, (0*H«C1)N=C(NH.0«H«C1)* 
(Losanitsdi).  According  to  Beilstein  a.  Kurbatow,  this  reaction  yields,  in  addition 
to  the  products  above  mentioned,  di-parachlorophenylcarbamide,  CO(NH.OH^G1)', 

chlorophenyl-thiourethane,   CS^^  OHH31'  ^'^^  parachloraniline  hydriodide. 

(1\  On  adding  iodine  in  theoretical  quantity  to  a  boiling  alcoholic  solution  of  di- 
paracnlorophenyl-thiocarbamide,  the  liquid  ultimately  becomes  oolourless,  and  yields, 
when  heated  with  water,  a  distillate  of  chlorophenyl-thiocarbimide,  whidi 
crystallises  from'aloohol  in  long  shininff  needles  melting  at  46^^47°  (at  40°  according 
to  Losanitsch).  (2).  The  remaining  custillation-water  contains  noming  but  para- 
chloraniline hydriodide.  (8).  When  the  resinous  mass  which  remains  after 
distUlation  with  water,  is  boiled  with  soda-ley  as  long  as  the  resulting  alkaline  solution 
giTes  a  precipitate  with  hydrochloric  acid,  the  whole  of  this  alluline  liquid  Uien 
treated  with  the  acid,  and  the  precipitate  crystallised  from  ligroSn,  parachloro- 
phenyl-thiourethane  is  obtained  in  nee(ues  melting  at  102*6°.  The  same  com- 
pouid  is  produced  directly  by  heating  chloropheuTl-thiocarbamide  with  alcohol  to  140°. 
(4).  When  the  portion  of  the  resinous  mass  whicn  is  insoluble  in  soda-ley  is  exhausted 
with  alcohol,  and  the  residue,  after  digestion  with  carbon  disulphide,  to  remove  free 
sulphur,  is  reoTstallised  from  glacial  acetic  acid,  di-p-chlorophenyl-carbamide, 
CO(NH.C*HKU)',  is  obtained  in  long  needles  insoluble  in  the  ordinary  solyents, 
soluble  without  decomposition  in  strong  sulphuric  add,  partly  subliming  and  decom- 
posing at  270^,  without  prerious  Aision.  (6).  On  leaving  the  alcoholic  extract  <^  the 
reonous  mass  to  evaporate^  and  agitating  the  remaining  liquid  with  ether,  the  hydrio- 
dide of  tri-p-chlorophenyl-gnanidine  is  precipitated  as  a  white  powder ;  and 
on  leaving  the  ethereal  filtrate  to  evaporate,  drenching  the  residue  with  carbon 
disulphide,  and  filtering,  the  filtrate  on  standing  deposits  fine  needles  of  triphenyl- 
guamdine,  easily  soluble  in  alcohol  and  ether,  insoluble  in  water,  resolved  by  heating 
to  280**  with  carbon  disulphide  into  chlorophenyl-thiocarbamide  and  di<;p-chloro- 
phanyl-thiocarbamide  (Beilstein  a.  Eurbatow). 

Benajl-'tliiooarbAmldo,  NH?.GS.KH(CH*.C^«),  produced  by  the  action  of 
potassium  thiocysnate  on  bensylamine  hydrochloride,  forms  ervstals  soluble  in  water 
and  in  alcohol  and  melting  at  101°  (Patemd  a.  Spica,  Gate,  ekim,  iUU,  v.  888). 

Blbensyl-tlftlooMrbamiao,  NH(CrHO.CS.NH(CrHn,  obtained  by  boiling  an 
alcoholic  solution  of  benzylamine  with  carbon  disulphiae,  and  recxystallising  the 
zoeiduelefton  evaporation,  forms  large  shining  four-sided  plates,  melting  at  114°, 
insoluble  in  water,  but  soluble  in  alcohol  and  in  ether  (Strakosch,  J)eui,  Chem,  Qea, 
Ber.  T.  692). 

IsodibenMyl'tkioearbamidi,  NH?.08.N(C'H*)»,  prepared  from  potassium 
ihio^anate  and  dibensylamine  hydrochloride,  forms  lane  colonriess  needles  moderately 
soluble  in  water,  very  soluble  in  alcohol  and  ether,  mdting  at  160°-167°  (Patemd  a. 
Spica). 

y«ratalyl*tiaooarbaiiitd«,  NH>.CS.NH(0«H«.GH*)  pm  :  0H*->  1  :  4].  This 
compound  is  prepared  similarly  to  phenyl-thiocarbamide  (p.  896),  by  heatinff  para- 
toluidine  hydrochloride  with  ammonium  Uiiocvanate,  washing  the  insoluble  substance 
which  separates  after  a  while  with  water,  and  crystallising  it  from  boiling  alcohol. 
It  is  thus  obtained  in  oolourless  plates,  which  melt  at  188°,  have  a  persistent  bitter 
taate,  and  are  nearly  insoluble  in  water  and  in  ether.    They  are  decomposed  by 
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potaah,  with  reprodnction  of  paratolnidine  (De  Olennont  a.  Wehriia,  Oomfi, 
]mi\h  347). 

atbjKplieiiyl-'tlilocarlMuiiiao,  GSN^XO*H*)(0^*).    Hoflnimi  {Mrmkf, 

Chem,  1868,  655),  described  two  modifications  of  this  oompoond,  one  iiMJting  it  145^ 
obtained  from  etavl-thiocarbamide  and  aniline,  the  other,  ™l«aT»g  at  97^1  ftom  plM^jl- 
thiocarbamide  and  ethylamine.  According  to  Weith,  on  the  other  hand,  {DtML  Ckem, 
Ges.  Ber,  Tiii.  1523),  uiese  two  processes  yield  one  and  the  lame  ethj^-phanjl-tlib- 
carbamide,  which  forms  \2f^  monodinic  crystals  melting  at  99^-M*6^.  Whn 
further  heated,  it  begins  to  boil  at  150®,  giving  off  et^l-thiocarbunide  and  etltj^aaiae; 
and  at  220°  the  thermometer  remains  stationary.  Hydrogen  snlphide  eaeapei  dviM 
the  distillation,  and  the  distillate  is  found  to  contain  eth^-phenyl-thiocazfaaaude  im 
thiocarbanilide.  When  ethyl-phenyl-thiocarbamide  is  heated  with  amUtu,  etliyludiie 
is  given  o%  and  thiocarbanilide  is  formed  in  laige  quantity  (Weith). 

Ethyl-phenyl-thioearbamide,  dissolved  in  benzene,  is  converted  bj  bdling  witb 

lead  oxide  into  carbethylphenylimide,  G^J7^^^*  ^^^  ^  Moonrsttd  hf 
addition  of  SH*  into  ethyl-phenyl-thiocarbaimde,  and  nnitee  with  aniline  to  fon 
ethyldiphenyl-guanidine,  C*H».NzzC<;^^-^t  (Weith). 

Allyl-plieiijl*tUoearbaiiUaeorPlian7l-tUoiliiaiiilne9GSN*flXC^H^)0^ 

prepared  from  phenyl-thiocarbimide  and  allylamine,  is  identical  with  that  wUdi 
^nm  obtained  from  allvl-thiocarbimide  (mnstard-oil)  and  aniline  (v.  788).  It  bmIU 
at  98®,  and  is  resolved  by  hydrochloric  add  into  CO*,  SH*,  aniline  and  all^ianDe: 
hence  it  has  the  constitation  NH(C"H*).GS.NH(C^*)  (Weith). 

Btbjl^paratolyl^thioeartiaiiiiae,  GSN^*(G>H»)(C<H«.GH*),  obtainad  «thir 
from  paratolyl-thiocarbimide  and  ethylamine,  or  from  ethyl-thiocarbimide  and  pua- 
toloidine,  crystallises  in  monodinic  platee  mdting  at  95^-96*^  (Weith). 

IMtoljl-thlooarlMuiilda,  C3SN*HXG'H«.0Hn',  is  formed,  together  with  alM- 
tolyl-thiocarbamide  (tolvl-thiosinandne,  Ut  Sup^^  1089),  by  mixing  an  alfiohane 
solution  of  tolnidine  with  mustard-oil.  The  two  compounds  are  sepanted  bj  wina 
alcohol,  whidi  easily  dissolves  the  tolyl-thiosinamine,  while  the  ditoiyl-thioean»mid» 
remains  behind,  but  may  be  dissolved  by  a  large  quantity  of  boiling  alcohol,  horn 
which  it  crystallises  in  hard  colourless  granules  melting  at  176^.  It  is  neu^ 
insoluble  in  cold  alcohol  and  in  ether,  dissolves  with  difficulty  in  hot  bennoa»  and  if 
insoluble  in  water.  When  heated,  it  mdts,  gives  off  vapours  having  a  Twy  itnai 
odour  of  star-anise,  and  burning  with  a  smoky  flame.  Small  quantitiea  of  it  haafeM 
in  a  glass  tube  sublime  without  residue  in  small  fine  crystals ;  with  laz^^er  qnantitiw 
partial  decomposition  takes  place.  Il  js  insoluble  in  hydrochloric  aod,  even  when 
hot  and  concentrated,  also  in  potash  and  ammonia.  Treated  in  hot  aloohoHeiidMoa 
with  silver  nitrate,  it  yields  silver  snlphide  and  ditolyl-carbamide,  0ONX0"Jl'J"ll", 
mdting  at  268''  (Maly,  ZeiUehr,  /.  Chem.  [2],  v.  258).  For  ito  other  xeaetioni^  am 
Ut  Suppl,  1051). 

VapHtliyl-tliiooarbamlde,  NH*.OS.NH(C>*H0,  formed  by  heating  napbtl^- 
amine  hydrochloride  with  ammonium  thiogranate  (1  mol.  of  eacn)  on  the  water-hatk 
for  a  few  hours,  ciystallises  in  small  rhombic  prisms,  which  turn  brown  on  arpoem 
to  the  air,  and  melt  at  about  198®.  It  has  a  persistent  bitter  taste,  disaolves  apttingiy 
in  water,  ether,  and  alcohol,  more  freely  in  bailing  alcohol.  Its  alooholio  aolvtion  u 
desulphurised  by  lead  oxide  at  the  boilixig  heat.  On  adding  a  little  mtrona  add  to 
its  solution  in  sulphuric  add,  oxides  of  nitrogen  are  given  off,  and  a  brown  floeeBleet 
substance  is  formed,  possesdng  great  tinctorial  power  (De  Clermont  a.  WahiUa, 
CompU  rend.  Ixxxii.  512). 

B.    Derivatives  containing  Diatomic  Mcohol-radieles  and  Aldeikyde-^oMekM, 

BletlijUdeiie-tlilooarbaiiitda,  CSN^C^*)',  is  obtained  in  the  fonn  of  u 

ammonia  compound : 

CSNXC^V.NH'  or  CS<^|}^;j>NH, 

by  ii  eating  a  moderately  concentrated  solution  of  thiocarbamide  with  aldehyde- 
ammonia : 

C'fl«(NH«)(OH)>    ^   po^NHH        p„^NH.C«HV.  „„    .    ^Hto  j.  Km 
C*H^(NH«)(OH)i    +   ^^NHH  "  ^^NH.C«H*>^^  +  ^^^  +  ^^' 
Aldehydo-ammonla 
2inolB. 

its  formation  being  analogous  to  that  of  ethylidene-carbamide  by  the  action  of  tbio- 
earbamide  on  aldehyde ;  C«H«0  +  CSN>H« «  CSN<H\C«H«)  +  H*0  (2imI  Si^,  1115). 
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TIm  ammonia-oompoimd  is  slightly  soluble  in  boiling  water,  insoluble  in  oold 
alcohol  and  ether,  and  melts  at  180®.  Its  aqueous  solution,  which  is  intensely  bitter, 
is  lesolTed  by  polonged  boiling,  or  more  quickly  in  presence  of  adds,  into  aldehyde, 
thioearbamiae,  and  ammonia  (Nendd,  Deut,  Chem,  Ges,  Ber,  yii.  168). 

atlij11itoB*ii^li«D7L-ozetli7l*tmooar1miiUdeMuauiioBia,    C"H**N*S*0*  - 

(&.  8eh]f(  Oas^.  ekim,  ital.  yi  244).  This  compound  is  formed  by  heatinff  aldi^yde- 
MwtwMpt^fg^  (2  moL)  in  the  water-bath  with  phenyl-thiocarbimide  (1  mol.)  disscdyed  in 
a  moderate  quantity  of  abeolute  alcohol.  On  cooling,  the  whole  solidifies  to  a  crystal- 
line pulp,  whioh  may  be  purified  by  washing  with  cold  alcohol  and  reczystaUisation 
fam  boiUng  alcohoL  The  compound  is  thus  obtained  in  white  silyeiy  needles  hayins 
an  intensely  bitter  taste,  and  melting  at  148''.  Chloroform  is  the  only  liquid  which 
diesolyes  it  readily  at  ordinary  temperatures ;  at  higher  temperatures  it  dissolyes 
abundantly  idso  in  alcohol,  with  moderate  facility  in  water,  sparingly  in  carbon  disul- 
phide,  aurcely  at  all  in  ether  or  in  benzene. 

The  foormation  of  this  compound,  represented  by  the  equation : 

40"H^O  +  2CrH«N8  -  C«H«»N»S«0«  +   2HK)  +  NH», 

18  analogous  to  that  of  diethylidene-thiocarbamide-ammonia  by  the  action  of  aldehyde- 
ammonia  on  thiocarbamide :  hence  the  compound  itself  may  be  represented  by  tiie 
ooostitutional  formula  aboye  giyen. 

Has  oompomid  is  not  attacked  by  dilute  acids  in  the  cold,  but  when  heated  with 
them  it  giyes  off  aldehyde.  When  hydrochloric  acid  gas  is  passed  into  its  cooled 
solution  in  chlorofbrm,  a  hydrochloride  is  thrown  down  in  the  form  of  a  white  jelly. 
Heated  with  strong  hydrochloric  acid  to  160®,  it  yields  aldehyde,  hydrogen  sulphide, 
cartx>n  dioxide,  ammonium  chloride,  and  aniline.  When  added  to  warm  aeetie  anhv' 
dride,  it  dissolyes,  with  dark-red  coloration,  and  emission  of  aldehyde,  and  as  the 
Uqvid  oools,  acetyl-phenyl-thiocarbamide,  NH(C*H*).CS.NH(0*H*0),  crystal- 
lises out  (Schiff). 

An  analogous  compound,  C**H'*N*SK>',  containing  ally  1  instead  of  phenyl,  is 
fosmed  from  allyl-thiocarbamide  (mustard-oil^  and  aldehyde-ammonia.  It  crystallises 
in  white  needles,  melts  without  decomposition  at  107°-108®9  dissolyes  readily  in 
alcohol,  chloroform,  and  hot  water ;  less  readily  in  cold  water.  It  is  altogether  less 
stable  than  the  jphenyl-compound,  and  is  decomposed  eyen  by  boiling  with  dilute 
alcohol,  more  quickly  with  alkalis  or  acids,  giying  off  aldehyde  and  ammonia.  It 
foonnsy  howeyer,  a  hydrochloride  which  czystallises  in  microscopic  needles.  An 
attempt  to  reerystallise  a  considerable  quantity  of  it  from  hot  water  resulted  in  its 
decomposition  into  ammonia,  aldehyde,  and  thiosinamine  (SchifF). 

The  corresponding  eth^l- compound,  C'*H'*N'S*0^  obtained  from  aldehyde- 
ammonia  and  eth^l-thiocarbimide,  is  distinguished  by  its  marked  tendency  to  crystal- 
Use:  it  forms  silyenr  needles  melting  at  118®-119®,  dissolyes  readily  in  alcohol, 
ether,  diloroform,  and  hot  water,  less  easily  in  cold  water  (Sdiiff). 

Tol7laii0-ditiaoMurbaiiitae,  G*H"N«S«  -  im>.OSJ7H.CrH«.NH.Q3.NH',  is 
formed  by  molecular  transposition  of  tolylenediamine  thiocyanate,  N'H*(OH*).0'N^Sr'H'. 
When  a  warm  concentrated  aqueous  solution  of  tolylenediamine  sulphate  is  mixed 
with  a  warm  solution  of  potassium  thiocyanate,  the  liquid  eyaporated  on  the  water- 
bath,  the  residue  exhausted  with  alcohol,  and  the  filtrate  purified  wit^  animal  charcoal, 
tolylenediamine  thiocyanate  is  obtained  in  large  transparent  prisms  easily  soluble  in 
water,  and  giying  the  reaction  of  the  thiocyanates  with  feme  chloride.  This  salt, 
howeyer,  quickly  changes,  eyen  without  the  aid  of  heat,  into  tolylene-dithiocarbamide, 
whidi  is  quite  insoluble  in  water,  whether  hot  or  oold,  and  likewise  in  ether,  and 
dissolyes  out  yeiy  slightly  in  boiling  alcohol ;  with  moderate  facili^,  howeyer,  in 
ffladal  acetic  acid,  from  which  water  precipitates  it  as  a  white  ciprstalline  powder. 
Itmelts  at  218^.  Heated  with  phosphoric  anhydride,  or  better  with  strong  hydro- 
chloric add,  it  is  reeolyed  into  ammonia  and  a  tmocarbimide,  O'H'N^a  CrH*(m)8)', 
which  forms  a  brown  transparent  somewhat  yisdd  oil,  not  ydatile  without  decomposi- 
tion (B.  Lussy,  Deut.  Chem.  Gee.  Ber.  yii.  1263 ;  yiii.  667). 

Btetttyl-'folylene-dltiaoeArbmmlde,  CrH*[NH.GS.NH(0^*)]*,  formed  by 
heating  tolylene-dithiocarbamide  with  ethyl  iodide,  crystallises  indistinctly  and  melts 
at  226^.  The  corresponding  aoet^l-compound,  obtained  in  like  manner  with  acetyl 
chloride,  forms  white  needles  melting  at  232°,  sparingly  soluble  in  hot  water,  alcohol, 
and  ether,  moderately  soluble  in  gla^al  acetic  add  (I^ssy). 

Btf^enjl-tolylene-dlttilooarlMuiildo,  C^*[NH.CS.NH((>H>)]>,  is  formed 
en  mixing  the  ethereal  solutions  of  tolylenediamine  and  phenyl-thiocarbimide  and 


400  CARBAMIDBS  (THIO-)  CONTAINING  AOID  RADICLES. 

separates  after  a  while  as  a  white  aystalliiie  powder,  meltiiiff  at  388^.  "Bw  beatw 
with  stroDg  hjdrochlorie  acid,  it  is  resolyed  into  the  thioearbimide  alnre  deaeribet 
and  tetraphenyl-gnanidine,  NH=:0[N(C^*)']*,  which  separates  in  brown  ciTiUb 
(Lossy). 

0.    DerivaHoes  eotUaming  AM-radieki, 

AoetjlNtiaoenrlMunlde»  Q8(CH*0)B^*  -  NH*.OaNH(0>HK>).  lUoev- 
bamide  dissolves  easily  in  warm  acetic  anhydride,  and  the  solntion  on  eouing  jisUs  a 
yellow  ciystalline  mass  which,  after  several  reczystallisations  fhnn  hot  wator,  ^sldi 
colourless  prisms  of  the  acetyl-derivative.  This  compoond  dissolTes  easily  iaalnliol, 
less  easily  m  ether,  melts  at  1 1*6°.  The  aqueous  solution,  which  has  a  nenteal  PMrtiw, 
gives  with  platinic  chloride  a  ciystalline,  sparingly  aolublo  double  sdt, 
0S(C»H»0)H»N«.2H0LPt01«  (Nendo,  Deut,  Cksm.  Ges,  Ber.  vL  698), 

Acetyl-thiocarbamide  is  also  fbrmed  in  small  quantity  when  dry  aTnmonia  gas  ii 
Klowly  passed  through  an  ethereal  solution  of  aeetvt  tkiocyantUe,  though  the  momnnil 
product  of  this  reaction  is  a  compound  of  thiocyanic  add  and  aoetamida^  wUeh 
separates  as  a  yellow  oil  (Miguel,  BuU,  Soe,  Ckim.  [2],  zzv.  104). 

Acetyl-phenyl'thioearhamide,  CI*H*«1TOS  -  NHrO*H*).GS.NH(O^HH)),  b 
formed,  together  with  aldehyde,  on  adding  the  compound  C*M'*N'8K>'  to  warn  aotie 
anhydride,  and  crystallises  out  on  cooling  (R.  Schu^  p.  399). 

It  is  also  produced,  similarly  to  acetyl-thiocarbaxnide,  by  the  action  of  aniline  oa 
acetyl  thiocyanate,  the  mixture  being  minted  with  2  or  8  vols,  of  ether,  to  *wA»^^ 
the  reaction,  whidi  is  otherwise  very  violent  (Miguel).  It  crystallises  in  laBum 
having  a  nacreous  lustre  and  splendid  iridescence ;  melts  at  178°  fjSchifr),  at  168^- 
169°  ^Miguel) ;  dissolves  easuy  in  glacial  acetic  add,  ether,  and  chlorofbim,  Issi 
easily  in  ^cohol,  and  is  nearly  insoluble  in  water. 

Bonaojl^itliloMurbmmldOf  CS^^^^qq  q^^^,  is  fisrmed :  1.  By  gently  hsalng 

1  mol.  benzoyl  chloride  with  2  mols.  thiocarbamide,  whereby  a  yellow  pna^  maM  is 
obtained,  which  soUdifies  at  120°  (W.  H.  Pike,  Deut,  Chmn,  Ota.  Ar.  vL  765).  5L  Bf 
the  action  of  aqueous  ammonia  on  benzoyl  thiocyanate,  whereby  ammonium-benaDjl 
thiocyanate,  CN6.CrH\NH*)0,  is  first  produced,  and  then  converted  bj  mnlawilar 
transposition  into  benzoyl-thiocarbamide  (Miguel,  B^dl,  8oo,  Ckim.  [2],  xzr.  262) : 

CN.S.(rHH)  +  NH»  -  NH'.CS.NH.C'HH). 

Benzoyl-thiocarbamide  crystallises  from  alcohol  in  shining  cdonrleM  needles 
melting  at  169**-170°  (Pike);  at  171°  (Miguel).  It  has  an  intanselT  bitter  tasts^ 
dissolves  easily  in  ether  ana  alcohol,  sparingly  in  water  (Pike),  easily  in  alcohol, 
sparingly  in  hot  water,  also  in  ether  and  carbon  disulphide  (Migu^) ;  fonna  a  oyital- 
line  platinochloride  insoluble  in  water  (Pike). 

JBengoi/l'phenyl'thioearbamide,  CS^-^^QQ  Qgj^g,  fbvmed  by  the  aetion 

of  aniline  on  benzoyl  thiocyanate,  crystallises  in  silky  flexible  needles*  melting  at  149", 
soluble  in  alcohol  and  ether,  insoluble  in  water.  It  is  decomposed  by  heating  wtth 
nitric  acid ;  but  if  the  add  be  added  in  large  excess,  and  the  liquid  cooled  after  tbs 
thiocarbamide  has  dissolved,  it  deposits  yellowish  needles  consisting  of  nitro- 

benzoyl-phenyl-thio carbamide,  ^^^^H  CO CH^O**   ^i"  <io>nponnd  mslts 

at  about  30°,  dissolves  sparingly  in  alcohol  and  ether,  and  volatilises  when  heated  on 

platinum  foil. 

Benzovl-phenyl-thiocarbamide  is  resolved  by  prolonged  boiling  with  aekts,  iilD 

benzanilide,  carbon  dioxide,  and  hydrogen  sulphide  (Miguel). 

NH  CH*  O'H* 
Benzoyl-benMi/l'thiocarbamide,C^^^-g'QQ^^m^  ,  from  bensylandne  and 

benzoyl  thiocyanate,  forms  small  prisms  soluble  in  alcohol  and  ether,  insoluble  in 
water,  melting  at  146°,  and  afterwards  solidifying  to  a  plastic  mass  (IGgnel). 

Olyooljl-tiaooarbamiae    or    Thlolisrdaiitoin,    0*H«NK)S » C8^^^ 

(Volhard,  Li^8  Annalen,  dxvii.  383  ;  Maly,  ibid,  dxviii.  138,  188).  The  Indio- 
chloride  of  this  base,  isomeric  with  chloracetyl-thiocarbamide,  NH*.CSJ^C*HKaO), 
is  produced,  with  violent  reaction,  on  gently  heating  a  mixture  of  monoehloneetw 
acid  and  thiocarbamide  in  molecular  proportion : 

C*H«aO«  +  CSN«H*  =  C"H*N«0S.HC1  +  H«0. 

This  hydrochloride  is  easily  soluble  in  water,  sparingly  in  alcohol,  almost  insoluble 
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in  ether.  From  its  aqueous  solution  it  separates  on  slow  cooling  or  evaporation  in 
weil-4efined  prisms.  It  forms  a  platinoohloride,  2(CU«N*0S.HCl).PtCl«,  which 
emtallises  in  spicular  laminsB,  and  a  crystalline  aurochloride.  It  is  decomposed  by 
sulphuric  acid  at  ordinary  temperatures,  with  efTeryescence  and  evolution  of  hydro- 
chloric acid,  and  on  adding  nitric  acid  and  silver  nitrate  to  its  aqueous  solution,  the 
whole  of  the  chlorine  is  j^recipitated  in  the  form  of  silver  chloride.  These  reactions 
show  that  the  compound  m  question  cannot  have  the  constitution  of  chloracetyl-thio- 
earbamide.  The  aoueous  solution  of  the  hydrochloride  is  not  precipitated  by  lead 
acetate ;  but  on  adoing  ^tash  and  boiling,  a  precipitate  of  leaa  sulphide  is  slowly 
formed.  Mercuric  ohlonde  acts  in  a  similar  manner ;  mercuric  oxide  does  not  sepa- 
nte  the  sulphur  even  on  boiling. 

OausUc  alkalis  or  alkaline  carbonates  added  at  ordinary  temperatures  to  the 
aqiifious  solution  remove  the  chlorine,  and  throw  down  gly col vl-thiocarbamidc, 
C*H*NK)S,  which  crystallises  from  hot  water  or  dilute  alcohol  in  loni;  shining 
needles,  and  is  reoonverted  into  the  hydrochloride  bj  solution  in  hydrochlonc  acid. 

Olved^l-thiooarbamide  is  readily  soluble  in  hot,  sparingly  in  cold  water,  nearly 
insoluble  m  alcohol  and  ether,  and  decomposes  when  melted.  It  is  not  desulphurised 
by  boiling  its  aqueous  solution  with  oxide  of  lead  or  mercury ;  it  is  slowly  desulphur- 
ised by  iodine,  easily  by  bromine,  very  easily  by  mercuric  oxide  m  presence  of 
ammonia. 


»a,  CI»H»«N«  -  ((7H»)N=0=N(Cra»),  is 
formed  bj  desulphuration  of  ethyl-phenyl-thiocarbamide  dissolved  in  boiling  bensene 
by  means  ofpulverisedlead  oxide,  it  is  reoonverted  intoethjl-phenyl-thiocarbamide  by 
addition  cd  H^  and  converted,  by  addition  of  aniline,  into  ethjldiphenjl-guanidine, 

(>H»— N=0<^-^1  (Weith,  ])9iU.  Chem,  Qea,  Ber.  viii.  1630). 


>a,C"fl"NO-0»HWH»XCH«XCONH«),  is  obtained 
by  distilling  potassium  oymenesulphonate,  0^*'J30*K,  with  potassium  j^yanide,  and 
sapooifpng  the  solid  portion  of  the  distillate  (impure  cymyl-cyanide,  C'*£D*.ON)  with 
alobhobo  potash.  It  rorms  white  needles,  melting  at  138^-189°,  slightly  soluole  in 
cold  water,  easily  soluble  in  alcohol,  ether,  and  chloroform  (F^tem6  a.  ^leti,  Gaez, 
ekim,  iiai,  v.  80). 


^^^^■^^"  **"***  or  CASSIBKZIIB.    Names  oiven  by  E.  Mulder  to  cyan- 
amide,  which  he  represents  by  the  formula  G(NH)'  {2m  Suppl,  404). 


>m,  C"H»N«-0(N(ra»y  (Weith,  Deut.  Ckem.  Ges. 
B&r.  vii.  10,  1808).  When  thiocarbanilide  dissolved  in  hot  benaene  is  digested  with 
meicarie  o]ride,  an  energetic  reaction  sets  in,  and  the  liquid  on  cooling  deposits  a 
small  quanti^  of  a  cryrtalline  body  having  the  melting  point  and  reactions  of  car- 
faanilide.  Oa.  evaporating  the  benzene,  a  colourless  syrup  remains,  which  gradually 
Bolidiiles  into  a  vitreous  mass.  This  compound  is  carbodiphenylimide,  isomeric  with 
diphenyloyamide.    Its  formation  may  be  represented  by  the  equation: 

«lrac^i  +  Hgo  -  Hgs  +  ffo  +  cj Jgg: 

It  ehan^  spontaneously  into  an  opaque  porcelain-like  mass,  which  gradually  becomes 
erystaUine,  and  is  probably  polymenc  with  the  vitreous  form.  It  melts  at 
168^-170^.  When  heated  it  evolves  a  pungent  vapour,  which,  when  much  diluted  with 
air,  smells  like  cinnamon.  Hydrochloric  acid  passed  into  a  solution  of  carbo- 
diphenylimide in  benzene  throws  down  a  crystalline  precipitate  of  the  hydrochloride, 
C»«H»»N«.HCL 

Oarbodiphenylimide  unites  very  readily  with  the  elements  of  water,  yielding 
diphenyl-carbamide.  This  transformation  may  be  efibcted  bv  the  action  of 
alcohol  upon  the  hydrochloride,  by  treating  the  same  compound  with  weak  solution 
of  soda,  or  even  by  boiling  pure  carbodiphenylimide  with  spirit  of  wine. 

Oarbodiphe^yilmide  combines  directly  with  anUine,  producing  o-triphenyl-gua- 
nidine,  and  with  aimmoma^  probably  fonmngdiphenyl-guanidine. 

When  carbodiphenylimide  is  heated  to  about  170^  in  hydrogen  sulphide,  carbon 
disolphide  is  evolved.  The  residue  consists  of  a-triphenyl-guanidine,  thiocarbanilide, 
and  aniline. 

Tlia  reaction  probably  occurs  as  follows : — 

0  Ino^h*  +  ^^^  -  CS>  +   2H«NC»H*. 
OKbodtpbenjUmlde.  Aniline. 

The  a-triphenyl-guanidine  which  is  formed  results  from  the  union  of  carbodiphenyl- 
imide with  a  portion  of  the  aniline. 

When  hydrogsin  solphide  is  passed  into  a  cold  solution  of  carbodiphenylimide  in 
Zrd  Hup.  J)  J) 
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benzene,  the  only  product  formed  is  thiccarbanilide,  C8(TSnSL0'HFj^ ;  and  thit,  vlui 
heated  to  160^-170®  with  hydrogen  sulphide,  is  almost  oompletaly  iMolfid  iito 
aniline  i^  carbon  disnlphide,  with  only  a  yeiy  small  quantity  ortripMiyl-giiaiidiai: 

C(NC^»)«  +  H«8  -  OS(N.O«H»^)« 
and  CS(N.C"H».H)«  +  H«S  -  OS?  +  2(NH«.0"H»). 

When  carbodiphenylimide  and  diphtnylrcarbamide  are  heated  together,  thsy  1n|^ 
to  react  below  160®,  and  at  higher  temperatures  phenyl  cyanate  dietfls  om,  sad 
the  residue  of  the  distillation  contains  a-triphenyl-goanidine.  With  the  ^dioeUotida 
of  carbodiphenylimide,  the  action  begins  at  140°,  and  is  complete  after  aa  hoafi 
heating.  The  phenyl  cyanate  thns  obtained  unites  with  ammonia  to  Ibm  moao- 
phenyl-carbamide  (p.  390). 

LiphmyUtkiocarbimule  acts  upon  carbodiphenylimide  eyen  at  100^,  bat  man 
stzon^y  at  150®,  fSormin^  a-triphenyl-guanidine  and  phenyl-thiocarbiinide.  Iht 
action  takes  place  more  quickly  when  a  solution  of  carbodiphenylimide  ^1  moL)  ii 
benzene  is  nuxed  with  diphenyl-thiocarbamide  (I  moL)  and  hydrochloric  aod  (I  aol.), 
or  hy^odic  acid  (1  moL)  dissolved  in  alcohol,  and  the  mixture  is  heated  fiir  a  few 
minutes  on  the  water-bath. 

When  a  mixture  of  diparatolt/lthiocarbamide,  hydrochUmo  aeid^  and  eaibodiplMoyl. 
imide  is  heated  with  alconol  for  about  an  hour,  paratolyl-phenyl-thioearbimide  aad 
the  hydrochloride  of  a  tolylphenyl-guanidine  are  formed,  tocher  with  email  qoaa- 
tities  of  phenyl-thiocarbimide  (Weith,  DeaL  Chem,  Ge8,  Ber,  ix.  810). 

CarbodiphmyUmide  Hydrochloride  is  obtained  by  passing  hydrpgen  chloride  into  a 
moderately  strong  solution  of  carbodiphenylimide  in  benzene,  till  the  white  etyibUliDo 
precipitate  at  first  produced  is  redissolved.  On  cooling,  the  hydrochloride  cijBtaQisBi 
in  needles  haying  a  strong  lustre  (Weith). 

CAXBOBmSOQUXVOVZO  AOZB,  syn.  with  Pbotocaxbceuic  Acm.  8m 
Bbmzoic  acids  (dioxt-),  p.  289. 

CAB80V*  1.  JDianumd. — ^The  following  determinations  of  the  epeeifle  giaritj 
of  diamonds  (compared  with  water  at  +  4®,  and  reduced  to  a  vaconm)  have  beoa 
made  by  £.  H.  y.  Baumhauer  {JrehiveB  nteriaftdoMet,  yiii.  1 ). 

Brilliant,  nearly  colourless,  from  the  Gape 8'61812 

Brillian^  faintly  yellow,  from  the  Gape S'5S063 

Bough  diamond,  yellowish,  ftom  the  Gape 8*61727 

Bough  diamond,  small,  perfectly  dear,  fipom  the  Gape  ....  3*61681 

Bough  diamond,  with  a  small  black  speck  in  the  interior,  from  the  Cape  3*61984 

Bough  diamond,  with  large  speck  and  cracks,  ftom  the  Gape        .        .  8*60807 

Bongh  diamond,  dear,  formed  of  two  crystals,  from  the  Gape      •        .  8*61486 

Bord,  spheroidal,  grey,  translucent,  but  not  transparent       .  .  8*60888 

Bord,  spheroidal,  white,  from  the  Gape 8*60829 

Bord,  small,  from  the  Gape 8*49806 

Grey  carbonado,  from  Brazil 8'20068 

Grey-black  carbonado,  from  Braril 8*89287 

Black  carbonado,  ftom  Brazil 8*16186 

SpheroYdal  carbonado,  f^m  Brazil 8*44497 

Spheroidal  carbonado,  fh>m  Brazil 8*20878 

Grey  mass,  semitranslucent,  distinctly  ciystalline         ....  8*60669 

White  mass,  semitranslucent,  slightly  ciystalline         ....  8*60216 

The  mean  density  of  the  first  five  of  these  stones  is  3*51885  at  4^.  Tlia  miBb« 
3*51432,  found  by  R.  y.  Schrotter  {JahretberidU,  1871,  257)  as  the  mean  of  a  laigB 
number  of  determinations,  is  regarded  by  y.  Baumhauer  as  too  low. 

^ect  of  Sigh  Thn^^eraiures  on  the  Diamond, — ^Diamonds  heated  to  whitenea  in  a 
platinum  crucible  exhibited  no  diminution  of  specific  grayity,  lustre,  or  taampttmey, 
A  light  green  diamond  acquired  by  ignition  a  yellowish,  a  dark-green  <^iMn«>Mi  ^  riolst 
2olour,  without  alteration  of  weight  in  either  case.  Brown  diamonds  became  by  ig- 
nition more  or  less  grey,  and  considerably  moro  transparent ;  and  when  enbeeaoeiitry 
examined  by  the  microscope,  they  appeared  perfectly  clear  but  beset  with  sauili  bba 
specks.  Yellow  diamonds,  like  most  of  those  from  the  Gape,  and  gtey  diaiBondi 
underwent  no  change  of  colour  (y.  Baumhauer,  loc.  eit.) 

The  incomplete  combustion  of  the  diamond  in  oxygen  gas  was  neyer  oheened  to 
be  Attended  with  blackening  or  splitting,  so  that  transfonnation  into  ooke  or  flga|ihits 
under  these  circumstances  appears  doubtful.  During  the  combustion,  the  ^■if— «i 
was  enyeloped  in  a  bluish-yiolet  flame,  like  that  of  burning  carbonic  oxide  (t.  Bub- 
hauer). 

Diamonds  heated  to  whiteness  in  a  stream  of  aqueous  yapour  nndeigo  an 
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■lt«rfttion  whateTer ;  bat  in  a  stream  of  carbon  dioxide  thej  lose  weight  and  become 
doll  (t.  Banmhaner).  This  last  change  was  proTiously  observed  bj  Jaoqnelain 
^Jtm.  Ckim,  Phyt.  [8],  xx.  468). 

The  behaTionr  m  the  diamond  at  high  temperatures  has  also  been  examined  by 
G.  Bose  {Bogg*  -An^  cxlrili.  497).  The  diamond  was  first  ignited  in  a  vacnam  bj 
means  of  a  powerful  electrodynamic  apparatus,  being  placed  between  carbon  poles 
and  resting  on  one  of  them.  It  split  into  fragments  as  soon  as  a  red  heat  had  been 
reached.  A  second  experiment  was  made  wiUi  the  same  result  The  diamond  was 
partiallT  changed  to  graphite  on  the  surface,  as  the  heat  had  probaUj  been  applied 
too  aaddenl^.  A  third  experiment  was  made,  in  which  the  diiwiond  was  placed  in  a 
hole  bored  in  a  small  cube  of  the  hard  carbon  which  deposits  in  gas  retorts,  and  this 
sube  was  placed  in  a  gnphite  crucible  filled  with  wood-charcoal,  and  heated  for  half 
in  hoar  to  the  melting-point  of  cast-iron.  The  diamond  suffered  no  change.  A  second 
experiment  was  made  with  a  rosette-cut  diamond,  but  with  this  difference,  that  the 
heat  was  applied  onl^  fbr  ten  minutes.  On  examination,  the  surface  was  found  to  be 
opaque  and  black,  with  a  bright  metallic  lustre.  This  crust  was  confined  to  the 
Bur&ce,  for  on  brMldng  the  diamond,  the  interior  was  unchanged. 

IL  T.  SchrStter,  who  made  similar  experiments,  found  that  on  one  occasion  the 
snrfiue  of  the  diamond  had  become  dull ;  and  a  diamond  wrapped  in  platinum  foil 
waa  blackened,  with  black  streaks  running  through  the  interior,  while  the  foil  was 
fbeed  to  a  button. 

The  diamond,  when  heated  in  a  muffle  through  which  a  current  of  air  is  passing, 
grows  smaller  and  smaller,  keeping  its  brilliancnr  till  it  finally  disappears,  and  emitting 
a  fiunt  light  at  the  last  moment.  The  octohedral  and  cleayage  surfaces  become 
indented  with  microscopic  triangular  impressions,  which  resemble  those  formed  when 
a  czystal  is  attacked  by  an  add.  The  edges  are  in  no  case  rounded  off  in  burning ; 
each  atom  goee  at  once  from  the  solid  into  the  gaseous  state.  The  diamond  shows  no 
sign  of  changing  to  graphite  during  combustion,  but  sometimes  becomes  opaque.  A 
■mall  splinter  may  even  oe  burnt  before  the  blowpipe ;  it  does  not  blacken.  Fourcroy, 
in  1782,  on  exposing  diamonds  to  a  hi^  temperature  in  a  muffle,  found  that  they 
became  C0Te»d  with  a  black  coating.  Kose  explains  this  by  supposing  that,  as  the 
older  form  of  muffles  had  side  openings,  the  smoke  from  the  nimace  might  have 
coated  the  diamonds.  However,  all  accounts  of  experiments  in  which  diamonds  have 
been  exposed  in  the  focus  of  a  concave  mirror,  describe  them  as  becoming  black ;  and 
the  same  occurs,  as  already  observed,  in  the  oxyhydrogen  fiame. 

Some  diamonds  are  naturally  black.  This  appears  to  be  a  pseudomorphosis  of 
ffn^hite  into  diamond,  but  is  possibly  produced  on  the  diamond  bv  heat.  A  blade 
mamond  heated  in  melting  saltpetre,  underwent  no  change,  showing  that  the  blackness 
waa  due  to  graphite,  not  to  amorphous  charcoal. 

A  variety  of  diamond  called  '  Carbonado,'  or  '  Carbonate,'  is  found  in  the  Soap 
Mountains  of  Bahia.  Pieces  of  this  substance  are  said  to  have  been  found  from  one 
to  two  pounds  in  weight.  A  specimen  in  the  Berlin  Museum  has  no  lustre,  but 
appears  porous  when  examined  with  a  lens;  its  colour  is  reddish-grey,  and  four 
piecee  of  carbonado  exhibited  a  sp.  gr.  of  3*012,  3*341,  8*416,  and  8*266  respectively, 
which  is  obviously  that  of  the  diamond.  Carbonado  heated  to  whiteness  in  a  muffle 
gave  off  small  bubbles,  losing  its  sharply  cut  edges,  and  becoming  more  porous ;  also 
ita  suzftee  grew  dulL  Soppert  ascriMs  the  formation  of  bubbles  to  the  carbonic 
anhydride  which  escapes,  but  nothing  similar  to  this  occurs  in  the  combustion  of  the 
diamond ;  it  may  be  assumed,  thererore,  to  be  due  to  air  escaping.  Rivot  fbund  in 
three  specimens  of  carbonado,  2*03,  0*24  and  0*27  per  cent  of  ash,  consisting  probably 
of  alumina  coloured  by  iron.  Carbonado  may  be  used  for  polishing  diamonds,  and 
fat  boring  madiines.  Only  three  specimens  of  carbonado  are  known  which  possess  a 
crystalline  form ;  whether  they  are  true  crystals  or  not  is  a  matter  of  doubt 

2.  GrapkiU. — ^To  obtain  pure  graphite,  the  native  substance  must  be  very  finely 
palverised  and  repeatedly  treated  with  alkali,  aqua  regia,  and  hydrofluoric  acid.  The 
amount  of  ash  may  thus  be  reduced  to  0*12  per  cent,  and  in  the  case  of  graphite 
from  Bohemia  and  Styria  still  further.  Sometimes  the  ferric  oxide  present  in  graphite 
exists  in  the  soluble  state,  and  sometimes  in  the  insoluble  state,  and  the  graphite 
from  Styria  frequently  contains  fragments  of  easily  pulverisable  quartz.  In  purifying 
grai^te  an  effectual  elutriation  is  of  great  importance. 

when  graphite  from  Bohemia  or  Styria  is  carefully  purified  and  converted  into 
graphitic  acid  (ii.  941),  the  product  forms  a  yellow  amorphous  powder,  no  cxratal- 
line  structure  being  visible ;  and  when  this  graphitic  acid  is  heated,  a  residue  is 
obtained  which  decolorises,  and  possesses  a  covering  power  greater  than  that  of  lamp- 
blade  Foliated  or  crystalline  ^phite  yields,  on  the  other  hand,  a  graphitic  acid 
which  is  crystalline,  and  the  residue  obtained  by  heating  it  possesses  neither  decolor- 
inng  nor  covering  power.    The  graphite  from  mide  soda>ley  (from  the  Aussig  works) 
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was  foand  to  contain  79*79  per  cent,  of  carbon,  11*27  per  cent  of  fSsnie  ozida^  ud 
10*05  per  cent  of  silica.  The  presence  of  ferric  oxide  in  thia  land  of  mphita  t«idf 
to  show  that  the  sodinm  cyanide  and  sodium  ferrocyanide  contained  in  tae  cmde  soda 
are  converted  by  oxidation  into  carbon  monoxide,  nitrogen,  magnetic  onde  of  ina 
and  sodium  hydrate,  and  that  the  action  of  carbon  monoxide  on  magnetie  oxidt  of 
iron  gives  rise  to  the  formation  of  ferric  oxide  and  graphite  (J.  StingU  Difit  Ckm. 
(res.  Ber,  vi.  891). 

Behaviour  at  High  Temperahtres. — The  purer  varieties  of  natoral  gnphitt  oftti 
sustain  on  ignition  a  loss  of  weight  which  is  considerable  in  oompariaon  with  thi 
earthy  residue  left.  The  following  results  bearing  on  this  point  have  been  obCaiotd 
by  Rammelsberg  (ibid.  vi.  187) : 

Loss  on  ignition.  Buthjr  nattK. 

Tioonderoga,  New  Tork .        •  3*85  per  cent.  — 

Ceylon  II 2-56      „  1*28  per  eent 

Borrowdale 8*8—5*08  „  7*0        ^ 

Oberer  Jenisei  (Alibert) .  2*53      „  4*6        „ 

Tnnguslok  (Sidorow)       .  1 77— 2*38  „  6*68      „ 

After  fusion  with  caustic  soda,  digestion  with  acids,  washing,  and  drying,  inotgwe 
matter  is  still  left  on  combustion. 

Tinconderoga 0*24  per  cent. 

Oberer  Jenisoi 0*60      „ 

Arendal 0*64      „ 

Some  varieties  of  graphite  bum  on  fused  nitre,  others  do  not.  To  the  flrrt  disi 
belong  samples  &om  Ceylon  (I),  Borrowdale,  Oberer  Jenisei,  Upemiwik  (Grsenland)^ 
and  ib«ndal ;  the  sp.  gr.  of  these  varies  from  2*257  to  2'321.  To  the  aeoond  dasi 
belong  Ceylon  (II),  Ticonderoga,  and  graphite  from  blast-fomaces,  in  which  the  spi 
gr.  varies  £rom  2*17  to  2*80. 

Carbon  of  White  Pig-Iron, — The  carbonaceous  resadue  left  after  treating  white 
pig-iron  with  solution  of  copper  sulphate,  washing  the  carbonaceous  copper,  and  thea 
treating  it  with  ferric  chloride  and  hydrochloric  acid,  is  a  browniao,  polveniliot 
substance,  which,  after  washing  with  hydrochloric  acid  and  water,  and  drying  at  100^, 
gave  on  analysis  in  1 00  parts : 

SDlceonB  Not  deter- 

Ckrbon.  Water.  ash.  mined. 

64*00  26*10  8*1  1-8 

The  weight  of  the  combined  carbon  was  found  to  be  63*1  per  cant,  of  tha  rendns; 
that  of  the  graphite  1*2  per  cent.  The  residue,  after  deduetins  the  ailicon  and  in- 
purities,  consists  of  a  hydrate  of  carbon,  exhibiting  the  ratio  llC :  SHH).  Thii 
ratio  of  carbon  and  water  is  constant  for  the  products  yielded  by  various  white  pig- 
irons,  and  is  moreover  the  same  as  in  the  iodised  hydrate  (59*69  per  cent,  earboa, 
22*50  water,  and  16*0  iodine),  which  Eggertz  obtained  by  ^e  action  c^  water  aad 
iodine  on  metallic  iron  ;  it  connects  this  body,  as  graphitic  hydrate,  with  Brodie'sgn- 
phitic  add  series>,  and  with  Berthelot's  graphitic  oxide. 

This  hydrate  of  carbon,  heated  to  250°,  rapidly  loses  water.  Ordinary  nitric  add 
attacks  it  when  heated,  and  transforms  it  into  a  red-brown  amorphous  bodv,  aolnble 
in  excess  of  the  acid«  in  alcohol,  fixed  alkalis,  ammonia,  and  water,  from  which  aolntioa 
neutral  salts  precipitate  it.  Heated  in  a  tube,  it  emits  a  distinct  hydrocjanie  odour; 
the  residue  was  reconverted  into  the  red-brown  substance  by  nitric  add.  It  gave  m 
analysis,  52*13-52*41  per  cent  carbon,  3*47-3*58  hydrogen,  and  2*76  nitzogeD,  leadiag 
to  the  formula  C«H"(NO«)0",  or  Or«H»»(N0«)0».  This  substance,  which  is  called 
nitro-graphitic  acid,  is  supposed  to  be  identical  with  the  product  yielded  by  pig- 
iron  on  treatment  with  nitric  acid  (Schntzenbeiger  a.  Bouigeois,  Comnt,  rmd,  l^^*, 
911). 

CAMBOM  ZOBZBBy  CI^  This  compound  is  formed  by  mixing  carbon  tetrs- 
chloride,  diluted  with  an  equal  volume  of  carbon  bisulphide,  with  a  saturated  aolutioD 
of  aluminium  iodide  in  carbon  sulphide.  It  ciystallises  in  regular  octohedroni, 
having  a  red  colour  and  a  sp.  gr.  of  4*32  at  20*2°.  Air  decomposes  it  slowly  at  thi 
ordinary  temperature,  but  more  rapidly^  at  100°,  into  carbonic  anhydride  and  fn& 
iodine.  It  dissolves  in  carbon  disulphide,  alcohol,  ether,  and  methyl  iodide,  and 
when  in  solution  is  very  easily  decomposed  by  air.  Boiled  with  water  or  weik 
hydriodic  add,  it  yields  iodoform.  Alcoholic  solution  of  potash  decomposes  it  easfly, 
bat  neither  aqueous  potash  nor  sulphuric  add  acts  on  it  rapidly  (GuBtavBon,  Cbwut. 
rend,  Ixxviii.  882). 

CAS80V  OZZBBSy— Snbozf dea.  Berthelot  (Bull,  Soc,  Ckim.  [2].  zxl  lOS} 
hat  obtained  a  suboxide  of  carbon,  C^0'(?),  apparently  identical  with  that  descriUd 
h^  JBrodie  (2nd  Suppl.  259),  by  the  action  of  the  galvanic  carrent  on  carbon  monoxide. 
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It  is  a  brown  amorphons  substance,  having  the  consistence  of  an  extract,  and  some- 
what resembling  the  brown  acids  which  are  obtained  by  oxidation  in  the  wet  way 
from,  various  forms  of  carbon.  It  is  very  soluble  in  water  and  alcohol,  insoluble  in 
ether ;  has  an  acid  reaction  ;  gives  brown  precipitates  with  silver  nitrate,  lead  acetate, 
and  baryta-water.  Heated  to  300^-400^  in  an  atmosphere  of  nitrogen,  it  decom- 
poses, yielding  equal  volumes  of  CO  and  C0^  and  another  darker-coloured  oxide, 
OK)",  which  at  a  higher  temperature  suffers  further  decomposition,  leaving  a  charcoal 
still  containing  oxygen.  This  gradual  progress  of  the  decomposition  resembles  that 
which  takes  place  in  the  decomposition  of  hydrocarbons  by  heat. 

Mhmozfdet  CO.  Lorin  {Compt.  rend,  Ixxxii.  750)  has  observed  the  formation  of 
this  gas  under  the  following  circumstances.  Dehydrated  oxalic  acid  heated  in  an 
oil-bikth  is  resolved  into  water  and  equal  volumes  of  CO  and  CO'.  These  two  gases 
are  also  obtained  when  oxalic  acid  is  heated  with  concentrated  formic  acid,  but  in  this 
case  the  monoxide  is  in  excess.  This  gas  is  likewise  evolved  when  dehydrated 
alkaline  formates  and  acetates  are  heated  with  formic  acid,  an  acid  salt  being  fbrmed 
in  the  first  instance,  which  at  a  higher  temperature  gives  off  carbon  monoxide,  leaving 
a  neutral  salt  which  remains  unaltered.  Tne  action  of  dehydrated  oxalic  acid  and  of 
alkaline  acetates  and  formates  on  formic  acid  is  therefore  exactly  analogous  to  that 
of  stronff  sulphuric  add. 

On  uie  fbrmation  of  Carbon  Monoxide  in  the  Blast  Furnace,  Me2nd  Sttppl.  p.  703  ; 
also  Ckem,  8oc.  J.  1878,  pp.  667,  677. 

Carbon  monoxide  is  rapidly  absorbed  by  anhydrom  hydrocyanic  acid  cooled  by  a 
freezing  mixture.  On  adoing  strong  hydrochloric  acid,  the  two  liquids  do  not  mix, 
bal  form  separate  layers ;  and  on  removing  the  tube  from  the  freezing  mixture  a 
steady  evolution  of  carbon  monoxide  takes  place,  becoming  violent  on  gentle  heating. 
No  g^yoxylic  acid  is  formed,  as  might  have  been  expected  according  to  the  equation, 
CNH  +  C0  +  2HH)— NH'-C'H'O"  (Bottmger,  Deut,  Chem.  Get,  Ber,  x.  1122J. 

Carbon  monoxide  is  not  oxidised  by  ogone,  either  in  difiused  daylight  or  m  direct 
sunshine  (Bemsen  a.  Southworth,  SUL  Amer,  J,  [8],xi.  186).  This  rearailt  is  somewhat 
remarkable,  inasmuch  as  Ludwig  has  found  that  the  oxidation  of  CO  to  CO*  takes 
place  under  the  influence  of  nascent  oxvgen  £rom  chromic  acid  (2nd  Suppl,  869). 
On  the  formation  of  Propionic  acid  mm  carbon  monoxide,  see  Pbopionio  acid. 
IMojcldev  CO*.  Ooowrrenee  in  Air  and  Water, — The  observations  of  Weendand  of 
J^ttbogen  a.  Hasselbarth  on  the  average  amount  of  this  ^  in  the  atmospherOf  and 
those  of  Truchot  on  the  variations  of  its  amount  in  the  air  of  Auvergne  at  difierent 
seasons  and  at  different  heights,  are  given  under  Atmosprkrb  (p.  182). 

The  results  of  daily  observations  of  the  amount  of  carbon  dioxide  in  the  air,  made 
in  187i-76  at  Tabor  in  Bohemia,  have  been  published  by  F.  Farskj^  (Wien,  Akad. 
Ar.  [2  Abth.],  Ixxiv.  67). 

Muir  (Chtm.  News,  xxxiii.  16)  has  determined  the  amount  in  the  air  of  several 
laoes  on  the  sea-coast^  and  found  that  it  agrees  with  that  of  inland  localities. 
»,  on  the  other  hand,  found  that  the  amount  of  this  gas  in  sea-air  is  consider- 
ably  less  than  that  in  air  over  the  land  {Ut  Suppl,  232). 

CO*  Ml  the  Air  of  Rooms, — From  a  considerable  number  of  determinations  by  E. 
Schulze  (Arch,  Pharm,  [3],  ix.  412),  it  appears  that  the  maximum  amount  of  this  gas 
eoDsiitent  with  a  healthy  state  of  the  air  of  inhabited  rooms,  as  determined  by 
Fettenkofer  ((Mem,  Soc,  J,  x.  292),  viz.  9  to  10  cc.  CO*  in  10  litres  of  air,  is  gene- 
rally exceeded  even  under  the  most  favourable  conditions.  Schulze  is  therefore  of 
opinion  that  this  limit  has  been  fixed  too  low. 

Amoimt  of  Carbon  Dioxide  in  Sea-ioater. — From  observations  by  O.  Jacobsen,, 
(DeMt,  Chem,  Oes.  Ber.  ix.  1798),  it  appears  that  sea-water  contains  very  large 
quantities  of  carbon  dioxide,  which  are  not  completely  expelled  by  passing  indiffereDt 
gBses  through  the  water,  or  by  heating  it,  even  in  a  vacuum.  Jacobsen  attributes 
the  retention  of  the  carbon  dioxide  to  the  simultaneous  presence  of  magnesium  chloride 
and  calcium  carbonate  in  the  water,  inasmuch  as  an  artificially  prepared  mixture  of 
these  two  salts  does  not  deposit  any  calcium  carbonate  when  boiled,  but  retains  the 
carbonic  acid.  Nevertheless,  the  absorption-coefficient  of  a  solution  of  magnesium 
chloride  for  carbon  dioxide  is  not  greater  than  that  of  pure  water,  though  when  such 
a  solution  is  chaiged  with  carbon  dioxide  under  pressure,  it  gives  off  the  excess  of  that 
gas  but  slowly. 

Absorption  by  Saline  Solutions, — Setschenow  (Deut.  Chem,  Ges,  Ber.  vi.  1461)  has 
made  observations  on  the  absorption  of  carbon  dioxide  by  solutions  of  alum, 
K«A1^S0<)*  +  24H*0,  magnesium  sulphate,  MgS0*  +  7H*0,  and  zinc  sulphate, 
ZnS0*+7M*0,  from  which  he  deduces  the  following  simple  laws:  The  solutions  of 
ihsse  salts  are  absorptiometrically  equivalent,  when  they  contain  equal  percentages  qf 
crystallisaiion-VMUr.    Hcuco  iu  solutions  containing  equal  quantities  of  salt,  thfi 
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magnesium  salt  hinders  the  absorption  of  carbon  dioxide  to  the  greatest  estenti  th« 
the  zinc  salt,  and  lastly  the  aluminium  salt  The  law  may  also  be  expTesnd  u 
follows :  Jk  salts  of  aimUar  structure  and  equal  amount  of  aystaUisatitm  wattr,  tU 
chemical  equivalents  are  likewise  the  absorptiomeirie  equivalents. 

Absorption  bp  Sodium  Salts. — ^These  salts,  with  regard  to  their  capodty  of  absorin 
ing  carbon  dioxide,  ma^  be  divided  into  two  groups,  via. :  (1).  Those  vnicli  do  aot 
combine  with  carbon  dioxide,  such  as  common  salt.  A  solution  of  those  aboocbs  tkt 
^  according  to  Dalton's  law,  and  the  more  concentrated  the  solution,  the  Ihb  gu 
IS  dissolved.  (2).  Salts  which  combine  chemically,  such  as  the  earbonate,  phrwphifa^ 
borate,  and  neutral  citrate.  With  these,  the  more  concentrated  the  oolntioa,  tbs 
more  carbon  dioxide  is  absorbed,  but  the  quantity  does  not  increase  j^roportioiiilly  to 
the  pressure.  The  neuti^  oxalate  stands  between  the  two  groups,  inasmiieh  as  tht 
quantity  of  gas  which  it  absorbs  does  not  depend  on  the  concentration  of  the  aditioB 
(Setschenow,  ibid,  viii.  694).       

1  mol.  disodic  phosphate,  Na*HPO*,  in  dilute  solution,  absorbs  2  mols.  00*;  it 
the  same  time  a  chemicEj  action  takes  place,  resulting  in  the  formation  of  NaHTO* 
and  NaHCO*  (Setschenow,  Chem,  Centr.  1876, 97). 

According  to  Horsford  {Chem,  Cenir.  1873,  370),  when  sodium  phosphate  sad 
ferrous  phosphate  are  placed  together  in  an  atmosphere  of  carbon  dioxide,  this  OGmpooad 
is  reduced,  either  in  Ught  or  in  darkness,  to  monoxide. 

CAS80V  oarrSITLVBZBBt  COS.  This  compound  is  formed,  together  with 
others,  when  a  mixture  of  the  vapours  of  carbon  disulphide  and  alcohol  is  passed  over 
red-hot  copper  (p.  407). 

Reaction  with  Ammonia. — When  carbon  oxysulphide  is  passed  into  atzong  nqueicm 
anunonia,  it  is  lari^y  absorbed,  the  solution  acquiring  a  faint  yellow  ookrar.  Oa 
evaporating  the  still  strongly  alkaline  liquid  in  glass  basins,  ammonium  earbooaU 
and  hydrogen  sulphide  escape  and  urea  is  left  in  crystals. 

This  formation  of  urea,  &c.,  is  preceded  by  that  of  ammonium  oxythiocazhanate: 
for  when  carbon  oxysulphide  is  passed  into  aqueous  ammonia  cooled  to  0^,  the  solu- 
tion gives  at  first  no  precipitate  with  baryta-water,  and  no  coloration  with  lead  paper; 
but  after  a  time  both  these  reactions  occur.  Hence  it  appears  that  1  moL  of  canwa 
oxysulphide  unites  with  2  mols,  of  ammonia,  as  shown  by  the  equation  : 

COS  +   2NIP  «   00<^^,; 

and  that  the  ammonium  oxythiocarbamate  thus  formed   breaks  up  in  the  foUovii^ 
ways : — 


co<|, 


The  former  of  these  decompositions  takes  place  almost  exclusively  when  ammwris 
saturated  with  carbon  oxysulphide  in  the  cold  is  at  once  agitated  with  hydrate  or 
carbonate  of  lead,  so  that,  on  evaporating  the  filtrate,  a  considerable  quantity  of  arcs 
is  left  behind  (Ernst  Schmidt,  Deut,  Chem.  Ges.  Ber.  x.  191). 

CAS80V  smLPBXBas.— 1.  Monoaulpbidet  CS.  This  oompoand,  dis- 
covered by  Sidot  {Compt.  rend.  Ixxxi.  32),  is  formed  as  a  brown  precipitate  whoa  thi 
disulphide  is  exposed  to  sun^ne :  it  may  be  purified  by  distilling  off  the  undoecMi- 
posed  disulphide,  washing  the  residual  mixture  of  sulphur  and  monoaulphido  with 
pure  carbon  disulphide  till  the  free  sulphur  is  removed,  and  then  drying  it  at  160®  in 
a  current  of  hydrogen  gas  (Sidot).  It  may  also  be  prepared  by  leaving  the  erode 
disulphide  in  contact  with  a  few  pieces  of  pure  iron  wire  in  a  test-tube  for  aboot  six 
weeks,  by  which  time  the  whole  of  the  disulphide  will  have  disappemd,  heine  eoa- 
verted  into  a  reddish-brown  solid  substance,  consisting  of  a  mixture  of  iron  disn^ihide 
and  carbon  monosulphide,  formed  according  to  the  equation  2CS*+Fe»Fe8*-i-2CS. 
By  treating  this  substance  with  hydrochloric  acid,  which  dissolves  the  iron  aniphideb 
the  carbon  monosulphide  may  be  obteined  pure. 

Carbon  monosulphide  is  a  maroon -red  powder,  having  neither  smell  nor  taste.  8b. 
gr.  b1'66.  It  is  insoluble  in  water,  alcohol,  turpentane-oil,  and  benaene;  alight^ 
soluble  in  carbon  disulphide  and  in  ether  at  the  boiling  pointe  of  theae  U^ddi. 
Boiling  nitric  acid  dissolves  it.  When  the  monosulphide  and  monohydratad  nitiie 
acid  come  in  contact,  the  sulphide  is  immediately  ignited.  Hydrochloric  andsulphuje 
acids  do  not  attock  the  monosulphide.  Concentrated  boiling  potash  diasolToa  it ;  it  ii 
repreeipiteted  from  this  solution  by  acidifying.  Towards  200^  the  monoau^hidi 
iiplite  up  into  ito  elemente,  a  little  disulphide  being  also  formed.  On  heating  it  vith 
of  inlphux  it  is  oonvextod  \nto  Oia  ^LJE^^^da^ 
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A  red  labstaiioe,  perhaps  conBisiipg  of  carbon  monoeiilphide,  has  been  observed  bj 
Ik  Thomsoo  {Ckem,  JNewt,  xziy.  34),  in  the  ammoniacal  liquor  of  gas-works. 

IMaulplilde  or  Blsiilpliide«  C8'.  Purifieation, — When  carbon  disnlphide, 
purified  by  distilling  it  off  palm  oil  (which  is  recommended  as  the  most  convenieDt 
aMans  of  purification  on  the  large  scale),  is  agitated  with  red  fuming  nitric  add,  it 
takes  up  the  Tapoor  of  nitrogen  tetrozide,  both  liquids  acquiring  the  same  colour. 
The  disulphide,  when  separated  and  filtered,  fumes  in  moist  air  ana  remains  unaltered 
foor  ireeks.  On  adding  cold  water  to  a  mixture  of  disulphida  and  f^imipff  nitric  acid, 
the  disulphide  assumes  a  rose-red  to  violet  colour,  and  when  washed  wiui  water  turns 
milkj,  but  after  filtering  it  fbrms  a  clear  yiolet  liquid,  more  highly  refractive  than  the 
ordinary  disuljihide.  When  this  liquid  is  carefully  distilled  between  60®  and  60^, 
earbon  disulphide  ffoes  over,  leaving  the  colouring  matter  behind.  The  distillate, 
after  washing  with  water  and  re-distillation,  is  chemically  pure.  The  colouring 
matter,  which  has  as  yet  been  obtained  in  very  small  <juantity  only,  is  solid,  brown, 
acid,  and  easily  deeomposible.  The  violet  coloration  is  produced  equally  in  carbon 
diaulphide  which  has  been  previously  purified  by  fuming  nitric  acid,  on  again  treating 
it  with  that  acid  and  water.  It  is  not  produced  by  washing  with  water  the  brown 
solution  of  nitrojg^n  tetzoxide  add  in  the  disulphide,  or  by  passing  nitrous  anhydride 
into  the  disulphide,  the  liquid  in  the  latter  case  acquiring  the  well-known  bluish-green 
ooloor  of  nitrons  anhydride  (Friedbuig,  Dmt.  Chem.  Oes,  B&r.  viii.  1616). 

According  to  Marquart  (t&uf.  ix.  127)i  the  violet  coloration  observed  by  Friedbuig 
is  due  to  iodme,  which  is  ahnost  always  present  in  commercial  nitric  acid. 

Solidifioatum. — ^Drying  oils,  such  as  boiled  linseed  oil,  when  treated  with  a  small 
qoantitv  (10  per  cent.)  of  sulphur  chloride,  solidify  to  a  transparent  elastic  substance 
containing  sulphur ;  and  if  carbon  disulphide  be  added  at  the  moment  of  solidification, 
a  gelatinous  mass  is  formed  containing  10  per  cent,  of  disulphide.  The  jelly  thus 
fOTned  does  not  melt  at  100®,  is  difficult  to  ignite,  and  gradually  gives  off  the  carbon 
disulphide  on  standing.  The  vapour-tension  of  this  compound  is  218  mm.  at  10^, 
and  tne  mercury  falls  slowly ;  with  pure  carbon  disulphide  the  mercury  falls  at  once 
to  282  mm.  (Herder,  Cfompt,  rend,  Ixxxiv.  916). 

SeaeiionB, — 1.  When  nitrogen  monoxide  is  passed  over  pumice-stone  moistened 
witli  carbon  disulphide,  a  gaseous  mixture  is  produced,  which  bums  with  a  fiame  very 
rich  in  chemical  rays.  If  burned  in  a  lamp  having  a  Bunsen  burner,  and  so  constructed 
as  to  prevent  explosion,  it  produces  a  fiame  superior  in  actinic  power  to  that  of 
magnesium  (Deladianal  a.  Mermet,  Compt.  rend,  bcxix.  1078). 

2.  When  a  mixture  of  the  vapours  of  carbon  disulphide  and  alcohol  is  gradually 
passed  over  red'hot  eopper^  a  gaseous  mixture  is  produced,  consisting  of  carbon  oxy- 
sulphide,  methane,  ethane,  acetylene,  and  aldehyde,  while  the  copper  is  converted 
into  sulphide.  All  the  volatile  products,  except  carbon  oxysulphide  and  acetylene, 
are  obtained  when  alcohol-vapour  alone  is  passed  through  a  red-hot  tube.  The  forma 
tion  of  carbon  oxysulphide  may  be  represented  by  the  equation : 

OSP  +  (?H«0  +  Cu  -  COS  +  OuS  +  C«H% 
the  ethane  0^*  being  f^irther  resolved  into  CH^  0*R\  &c  (Oamelley,  Chem,  8oc,  J, 
1876,  628). 

8.  With  AmmoMa  and  Jjii/tfi0.~According  to  Hladwets  (dsm.  CMr.  1872,  632) 
earbon  disulphide  forms  with  ammonia  (in  presence  of  a  third  body,  which  is  itself  un- 
changed) a  crystalline  colourless  solid  (A),  having  the  composition  CH^'N^,  thus : — 

4NH»  +  2CS«  -  C«H»»N«»  +  H«8. 
and  yielding,  with  weak  oxidising  agents,  a  solid  crystalline  body  (B),  having  the 
composition  C*H^9\  insoluble  in  cold  water,  but  decomposed  by  boiling  water  into 
carbon  sulphide,  ammonium  thiocyanate,  and  free  sulphur : 

2C^»»N««  +  Fe«Cl«  -   C«HWS«  +  2NH*CNS  +   2NH*C1  +  FeKJl*. 

AnUine  yields,  by  the  action  of  carbon  sulphide,  the  corresponding  salt  (C),  which 
has  the  composition  C'*H*'N^',  and  is  decomposed  by  boiling  with  water  according 
to  the  equation : 

C«*H"N<S«  «  CS»  +  2NH»  +   C'«H>«N«S. 

Thiooarbanillde. 

The  relation  of  these  three  substances  to  one  another,  and  to  biuret,  is  shown  by 
the  following  formuls : 

NH.NH*  NH«  NH.NH«.C«H»  NH« 

OS  OS  OS  CO 

S  S>  8  KH 

CS  OS  CS  CO 

NH.XH^  NH»  NH.NH-.C«H»  NH« 

A.  B.                                   0.  Biniet. 
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Detection  of  Carbon  Disulphide  in  Mustard^U, — ^The  method  oonsiits  in       ^ 

off  the  carbon  sulphide  ana  treating'  it  with  alcohoUe  potash  and  enporia  nlphtl^ 
whereby  cuprous  xanthate  is  prodaced.  A  small  flask  is  fitted  with  a  ooil^  thragk 
which  passes  a  small  test-tnbe,  and  also  a  piece  of  narrow  glass  tnbinff  similar  ia  ships 
to  the  blowing-tube  of  a  wash-botUe.  The  test-tnbe  is  also  fitted  wiu  a  eovk,  thnmk 
which  passes  a  glass  tube,  bent  downwards  and  drawn  out  at  its  lower  end  to  a  poilt; 
this  end  passes  through  a  cork  into  another  test-tnbe.  Water  is  placed  in  tha  flsi^ 
and  the  oil  to  be  tested  in  the  small  test-tube.  At  the  temp^satnre  of  boiling  wi|« 
any  carbon  disulphide  distils  over  into  the  receiyer,  to  which  a  drop  of  water  hii 
been  previously  added.  On  absorbing  this  water  by  means  vi  blotting  PHWTi  addaif 
^-1  c.c.  of  a  solution  of  canstio  potash  in  absolute  alcohol,  addnlatinff  after  a  ihott 
time  with  a  drop  of  acetic  acid,  and  adding  a  drop  of.  copper  snlphate  solmtioa,  a 
lemon-coloured  precipitate  (cuprous  xanthate)  isprodvaA*  1'  the  qiiantitj  of  enbia 
disnlpAide  is  yety  small,  only  &  few,  oily.^dem.&in  i^^  tube  connecting  ths  two 
pieces  of  the  apparatus.  These  mmffbe  washed  into  m  receiving  tube  with  caiitie 
potash  in  alcohol,  and  the  solution  tested  as  above  (£.  Luck,  ZeUaekr,  omaL  Okmu 
zi.  410). 

EaHmation  of  Garbon  Disutphide  im  Commereial  MkaUn$  TJdocarbomiiim.  Ths 
following  method  is  founded  on  the  decomposition  of  lead  thiocarbonata  by  hoX&i^ 
with  water  into  lead  sulphide  and  carbon  disulphide,  and  the  extmma  aolnbilitj  ef 
the  latter  in  olive-oil :  10  gnun^  .of  the  alkaline  thiocarbonate  are  plaeed  in  a  AM 
c.c.  flask  with  about  150  o.c  of  water,  and  about  160  cc  of  a  10  per  osnt.  solotioB  ef 
lead  acetate  are  added  gradually  whilst  the  oontrats  of  the  flask  axe  k^  agitated ;  to 
the  precipitate,  10  cc.  of  acetic  acid  of  8  degrees  are  then  added.  The  HaA,  it  doasd 
with  a  cork  pierced  with  two  holes,  throngh  one  of  which  passes  a  safel^-fbimel,  ad 
through  the  other  a  delivezy-tube  leading  to  a  washing-fladc  containing  wlghpiB 
acid,  which  is  connected,  by  india-rubber  tubing,  with  a  second  about  throa-qwitsB 
filled  with  olive-oiL  This  latter  is  carefully  weighed.  The  contents  of  taa  laifi 
flask  are  then  heated  to  boiling,  the  temperature  of  the  sulphuric  acid  in  the  waiU^g 
flask  being  also  raised  to  about  120^.  After  about  ten  minutes'  boiling,  tbo  fisskS 
detached,  an  aspirator  being  connected  with  the  washing-flask  containing  the  olife> 
oil,  and  air  is  drawn  slowly  through  for  a  few  seconds,  during  which  time  tha  glia 
tube  of  the  oil-flask  is  carefull  v  warmed,  and  any  drops  of  carbon  disulphide  that  ■» 
have  condensed  therein,  tilted  into  the  body  of  the  flask,  which  is  then  weighs!. 
The  error  is  never  greater  than  0*6  per  oent.^  when  the  experiment  is  cnreMbf  eos- 
ducted.  Scientific  accuracy  may  be  attained  by  completely  absorbing  the  yapoorcf 
the  water.  And  collecting  the  carbon  disulphide  in  alcoholic  potash  (Delachanal  %, 
Mermet,  Compt.  rend,  Ixxxi.  92). 

Another  method  is  founded  on  the  decomposition  of  alkaline  thiocashoiiatM 
by  arsenious  acid.  When  this  acid  is  added  to  potassium  or  sodium  thtoeazboaats 
in  aqueous  solution  and  the  mixture  heated,  carbon  disulphide  is  volatilised.  If  tUi 
be  condensed  and  conducted  into  a  graduated  receiver,  the  weight  of  carbon  snlphide 
in  the  thiocarbonate  used  may  be  obtained  by  multiplying  the  volume  ibiiiid  bj  its 
density  ^David  a.  Bommier,  ibuL  166). 

A  third  method,  depending  on  the  instabili^  of  zinc  thiocarbonate,  has  besn  no* 
posed  by  Fiuot  a.  Bertrand  {Ann,  Chim,  Phye.  [6],  ix.  142).  Ten  grams  of  theaUaliae 
thiocarbonate,  together  with  26-30  c.c.  of  water  and  10  cc  of  a  strong  solution  of  sine 
sulphate,  are  introduced  into  a  fiask  of  about  100  cc.  capacity,  fitted  up  lib 
a  carbonic  acid  apparatus.  On  mixing  the  contents  of  the  flask,  a  jsUov 
precipitate  of  sine  thiocarbonate  is  produced,  which  decomposes  slowly  in  the  eaU, 
but  very  rapidly  at  a  temperature  of  60^  or  60^,  according  to  the  etiaatioa 
ZnS.CS'aZnS  +  GS*;  consequently  the  loss  in  weight  corresponds  with  theaaont 
of  carbon  disulphide  contained  in  10  grams  of  the  alkaline  thiocarbonate. 

The  thiocarbonates  of  copper  and  mercury  under^  a  similar  decompodtion. 

Carbon  disulphide  in  the  free  state,  as  it  exists  m  coal-gas,  for  example,  may  bi 
estimated  by  converting  it  into  potassium  xanthate,  this  salt  being  then  titrated  with 
a  normal  solution  of  cupric  sulphate  at  one-fiftieth,  containing,  therefore,  O*O01S67S 
grm.  of  copper  in  a  cubic  centimeter,  which  is  equivalent  to  0*006404  gnn.  potasnm 
xanthate,  and  to  0*00304  CS*.  The  normal  liquid  may  also  be  employed  at  ooe- 
twentieth;  1  cc. « 0*003168  grm.  Cu.  To  obtain  this  liquid,  3*168  grms.  of  eapiie 
sulphate  are  dissolved  in  water,  the  solution  is  treated  with  Hochelle  salt  and  sodram 
carbonate,  till  the  precipitate  is  redissolved  and  then  diluted  to  1  litre.  The  preseocs 
of  ammonia  and  caustic  alkalis  must  be  avoided.  As  potassium  xanthate  contains  sa 
excess  of  caustic  alkali,  this  excess  must  be  neutralised  with  cream  of  tartar,  or  better 
with  tiudium  bicarbunato  (Grete,  Chein.  Centr,  ix.  921 ;  Chem.  yews,  xxxvi.  156). 
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CJkMMOWATWMm  The  carbonates  of  the  alkali-metaU  may  be  prepared 
from  the  coiresponding  sulphates  bj  dissolving  the  sulphates  in  water  containing 
carlKniic  acid ;  adding  to  the  solution  a  quantity  of  barium  carbonate  equal  in  weisht 
to  about  14  tim<4  the  sulphate,  and  rubbed  up  with  water  to  a  thick  pulp ;  ajgitatmg 
the  Bujctiirw  briskly  for  some  time ;  and  finally  heating  it  to  the  boiling  point :  the 
filtrate  will  then  contain  nothing  but  alkaline  carbonate  (J.  Lawrence  Smith,  Ameriean 
Ckemui,  1878,  iii.  2411 

Pure  sodium  carbonate  may  be  prepared  by  dissolving  63  grams  of  commercial 
oxalic  add  in  200  cc.  of  warm  water,  and  adding  the  solution  to  200  c.c.  of  a  cold 
■oliition  of  148  grams  of  ordinary  '  soda  crystals/  The  sodium  oxalate  soon  crystallises 
out  and  is  oonrerted  into  the  carbonate  by  ignition. 

To  inrepare  potassium  carbonate  containing  no impuritjr  but  a  trace  of  nitrate, 
1  pt.  of  pure  nitre  and  2  pts.  of  oxalic  acid  are  mixed  in  a  crucible,  and  a  little  water 
is  added.  Evaporation  is  then  carried  nearly  to  diyness,  water  is  again  added,  and 
the  evaporation  repeated.  The  crucible  is  then  neated  to  redness  (J.  Lu  Smith, 
CSUm.  Ntw$,  XXX.  284). 

The  formation  of  sodium  bicarbonate  from  sodium  chloride  and  ammonium 
carbonate  may  be  demonstrated  by  introducing  a  lump  of  the  latter  salt  into  a  cold 
saturatad  solution  of  pure  sodium  chloride.  As  the  ammonium  salt  dissolves,  the 
bottom  of  the  vessel  becomes  covered  with  a  fine  white  powder,  which  disappears 
comidetely  on  warming  or  dilution.  The  same  reaction  takes  place  on  mixing  the 
conoeatrated  solutions  of  sodium  chloride  and  ammonium  bicarbonate  (A.  Vogel, 
M  mp.  Pkarfn.  xxiii.  8). 

BtMilUy  and  Dis$oeiaium  of  the  AM  CarbanaUt  of  Potasaimm,  Sodium,  and 
Ammmmiwm. — ^The  loss  of  earbooio  acid  when  solutions  of  these  salts  are  exposed  to 
tha  «ur  has  long  been  noticed.  A  portion  of  the  salt  appears  to  be  decomposed  in  the 
•olmtioo,  and  aa  the  carbonic  acid  passes  off,  fresh  q|uantities  of  the  salt  are  succee- 
•imlj  decomposed,  until  the  whole  is  transformed  into  the  neutral  carbonate.  In  a 
doaed  veasel  the  carbonic  add  first  set  f^ree  tsods  by  its  presence  to  hinder  the  further 
evolution  of  the  gaa,  and  the  deoompontion  is  arrested  with  a  degree  of  completeness 
dependent  on  the  pressure.  On  the  odier  hand,  if  the  laver  of  gas  above  the  surftce 
of  the  liquid  be  constantly  removed,  dther  by  keeping  the  vessel  in  a  vacuum,  or  by 
paaaing  a  stream  of  air  through  the  solution,  the  salt  will  be  more  rapidly  converted 
mto  neutral  carbonate.  Hence  crystsls  of  the  add  carbonates  of  potassium  and  sodium 
should  be  dried  over  sulphuric  add  in  an  atmosphere  of  carbonic  add  gas ;  otherwise 
they  become  covered  wiUi  a  layer  of  neutral  carbonate  (Dibbits,  J,  pr,  Ckem.  [2],  x. 

417). 

Aa  in  the  determinations  hitherto  made  of  the  solubilities  of  the  potasdam  and 
sodium  add  carbonatea,  the  loss  of  carbonic  add  from  the  crystals  and  from  the 
solutions  has  not  been  taken  into  account,  IKbbits  has  undertaken  these  determinations 
afreah  with  samples  of  the  oure  salts,  operating  in  vessels  securely  corked,  m  which 
the  decompodtion  of  the  sslt  in  solution  is  arrested  by  the  pressure  of  the  carbonic 
add  gas.  He  has  also  determined  the  percentage  of  carbonic  acid  set  free  at  various 
temperatures,  and  the  solubility  of  ammonium  add  carbonate,  which  deeomposra 
with  mudi  greater  readiness  than  the  other  two,  the  pressure  of  the  carbonic  add 
extricated  from  a  saturated  solution  at  80^  bdng  so  great  that  determinations  of  the 
solalnlities  at  higher  temperatures  could  not  be  made,  while  in  the  ease  of  the  other 
two  salts  the  determinations  were  carried  to  60^.  The  tensions  of  the  gas  liberated 
from  aatuvatsd  solutiona  of  the  three  salts  at  16^,  roughly  measured  in  miUimeters  of 
mereory  above  the  atmospheric  pressure,  were,  for  the  sodium,  potasdam,  and 
ammofunm  add  carbonatea,  120,  461,  and  720  reipeetivdv.  The  ammonium  salt  was 
prepared  bj  plaeing  the  crystals,  after  pressure  in  bibulous  paper,  in  an  exsiccator 
filM  with  air,  over  sulphuric  add  and  caustic  soda.  After  some  days  idl  the  water, 
free  •"—**■"*,  and  caroonic  add  were  completdy  abawbed,  and  the  pure  salt  remained 
behind. 

The  following  taUe,  calculated  from  determinations  of  Ui^  solubility  of  the  thiee  add 
salts  in  water,  exhibits  the  solubility  of  the  potasdum  and  sodium  salts  fot  erm  fire 
degrses  of  tenqwrature  from  0^  to  60^,  and  of  the  ammonium  salt  from  0**  to  ior:— 

MMtUy  M  1 00  P^rU  of  Water, 


Tsmpw 

KHCX)" 

KsHOO" 

ara«>Hoo». 

QP 

22-4« 

6-9 

11-* 

6 

2M 

7-46 

18-7 

10 

277 

815 

1M6 

15 

80-4 

8-85 

18-8 

20 

882 

9^ 

tl-t 
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Solubility  in  100  parts  of  Water — continued. 


Temp. 

KHOO». 

KaHCO". 

(VH«)HOO>. 

26 

361 

10-85 

28-9 

30 

300 

IM 

37-0 

35 

42*05 

11-9 

40 

46-25 

127 

45 

48-6 

18-56 

60 

62-16 

14*46 

56 

65*9 

15-4 

60 

60-0 

16-4 

On  the  Abeorption  of  Acid  CSarbonates  from  Natonl  Waten  bj  Fkiil%  nt 
Barth^lemj  {Compt,  rend,  xzxii.  648;  Ckem.  See.  Jour,  1876,  IL  118). 

Action  of  Silica  and  analogous  Oxides  on  Sodium  Carbonate, — ^When  lilieie  acid 
and  sodium  carbonate  are  heated  together  in  a  platinum  cruciblSp  the  loat  of  eubooie 
acid  IB  found  to  tend  to  a  certain  limit,  different  for  different  temperatures.  Ihs 
rate  at  which  the  loss  increases  with  the  time  may  be  expressed  bj  the  eqaatioo— > 

a  X 

where  y  » loss  of  carbonic  add,  x  » time. 

The  Tariation  of  the  result  with  the  temperature  may  be  explained  on  the  aMoaip- 
tion  that  at  the  commencement  of  the  reaction  an  add  silicate  if  formed*  wfaidi 
decomposes  again  into  neutral  silicate  and  silicic  add,  the  latter  of  which  acta  upon 
more  sodium  carbonate,  until  a  state  of  equilibrium  is  attained  between  the  nentnl 
and  add  silicates  and  the  silidc  acid.  This  equilibrium  is  of  course  dependent  vpoa 
the  temperature.  A  similar  explanation  applies  probably  to  the  action  of  the 
bibasic  compounds,  titanic  add  and  drconia,  upon  sodium  carbonate.  Alnmiiia 
and  ferric  oxide,  on  the  other  hand,  and  boric  add  behave  as  monobaaie  adds; 
when  melted  with  sodium  carbonate  they  form,  immediately  or  in  a  few  minntfli,  the 
compounds  AlH)*.NaH),  FeK)*.NaH),  and  B>0*.8Na*0,  and  the  result  ia  not  nodified 
by  elevation  of  temperature  (Mallard,  Compt.  rend.  Ixxv.  472). 

On  the  Action  of  Aluminium  on  Sodium  Carbonate  at  High  Ttmperatsirm,  wm 
p.  65  of  this  volume. 

On  the  Analysis  of  Carbonates  by  means  of  the  Carbometer,  see  Ftaen  a.  JoBsi 
{Chem.  Soc,  Jour.  1877,  ii.  88). 

Action  of  Alkaline  Carbonates  on  Earthy  Oxalates,  and  of  Alialme  OxeHaim  oa 
Earthy  Carbonates. — ^A  solution  of  ammonium  oxalate  brought  in  contact  with  ehdk 
or  powdered  marble,  is  almost  instantly  attacked,  even  in  the  cold ;  on  applying  hsat, 
an  odour  of  ammonia  at  once  becomes  perceptible,  and  on  boiling  it  becomea  ftra^ 
To  measure  the  extent  of  this  reaction,  and  compare  it  with  t^e  oonverae  action  cl 
soluble  carbonates  on  earthy  oxalates,  the  following  experiments  have  been  made  \j 
Watson  Smith  (Chem.  Soc,  Jour.  1877,  ii.  245). 

Sodium  oxalate  in  solution  on  Calcium  carbonate :  if  the  reaction  were  oomplsta^ 
5'3  grms.  of  sodium  carbonate  would  have  been  formed ;  in  the  cold  1*06  grm.  wen 
obtained,  b19'83  percent.;  boiling  for  three  hours  produced  1*2186  grm.,  ortt^ 
per  cent  Sodium  carbonate  solution  on  Calcium  oxalate :  in  the  cold,  16*07  per  eeoL ; 
boiled  for  thirty  minutes,  52*34  per  cent.  Sodium  oxalate  in  excess  on  iinwfeirf 
marble:  in  the  cold,  20*07  per  cent;  boiling,  26*00  per  cent  Sodium  caAomate  in 
excess  on  Calcium  oxalate:  cold,  18*09  per  cent ;  boiling,  78'35  per  cent  By  tfiatiiig 
the  same  portion  of  caldum  carbonate  with  successive  quantities  of  sodinm  osahts 
46*87  per  cent  of  sodium  carbonate  were  obtained,  the  action  gradually  onamng  Bj 
treating  the  same  quantity  of  calcium  oxalate  with  successive  portions  of  aodiim 
carbonate  93*83  per  cent  was  decomposed.  Sodium  oxalate  on  Strontium  aarbonuis: 
cold,  7'63  percent;  hot,  7*63  per  cent  Sodium  carbonate  on  StronOum  ocolitf: 
cold,  57'24  per  cent ;  hot  79*06  per  cent  Sodium  oxalate  on  Barium  earhouat» :  cold, 
4*84  per  cent ;  hot,  4*97  per  cent.  Sodium  carbonate  on  Barium  oxalate :  odd,  78*20 
per  cent ;  hot  87*96  per  cent  Ammonium  oxalate  on  Calcium  oarbonate :  cold,  1S-S7 
per  cent ;  with  excess  of  oxalate,  13*53  per  cent ;  with  excess  ctf  carbonate,  19*94  p« 
cent  Sodium  oxalate  on  Lead  carbonate :  cold,  6*35  per  cent ;  hot,  18*08  per  cent 
Sodium  oarbonate  on  Lead  oxalate :  cold,  81-54  per  cent ;  boiling,  90*61  per  eent 

Decomposition  of  Insoluble  Carbonates  by  Hydrogen  Sulphide, — ^When  bariim 
carbonate  suspended  in  water  at  10^  is  treated  with  a  slow  current  of  hydnna 
sulphide,  it  is  gradually  converted  into  barium  sulphide,  the  couvernon  being  paitisl 
or  complete  according  to  the  proportion  of  water  present    Thus,  of  100  parts  of  ths 
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earixmate  suspeiided  in  10  times  its  weight  of  water,  16*8  parte  were  conyerted  into 
sulphide  in  five  hours  j  of  the  same  quantity  of  carbonate  suspended  in  60  times  its 
weight  of  water,  61*2  parts  were  converted  into  sulphide  in  six  hours ;  whilst  carbonate 
suspended  in  100  times  its  weight  of  water  was  completely  converted  into  sulphide  in 
thirty  hours.  The  solution  of  barium  sulphide  formed  was  colourless  at  first,  but 
turned  yellow  in  the  air. 

Magnesium,  zinc,  and  lithium  carbonates  behaved  in  the  same  manner  as  barium 
carbonate  (Naudin  a.  De  Montholon,  CompU  rentL  Ixxxiii.  68). 

AnunonloHillwer  Carbonate,  Ag*C0'.4NH'.  This  salt  is  obtained  as  a  grey 
precipitate  on  adding  absolute  alcohol  to  a  solution  of  silver  carbonate  in  aqueous 
ammonia  of  sp.  gr.  0'930.  It  becomes  darker  when  dried,  is  blackened  and  ultimately 
dissolved  by  ammonia,  and  deposited  in  regular  crystals  when  the  ammoniacal  solution 
is  dried  over  calcium  chloride.  The  dry  salt  begins  to  ffiye  aS  ammonia  at  80®,  but 
the  evolution  ceases  at  100®,  and  at  160^-170®,  the  residue  becomes  a  uniform  bhick 
mass  which  decomposes  completely  at  806®,  leaving  metallic  silver  (S.  Kerrf,  Chem, 
News,  xxxi.  231). 

Oaleium  Carbonata.  The  action  of  mdphfwr  on  this  salt  has  been  studied  by 
PoUaod  {Gagjs.  ekhn,  UaU  1874,  pp.  177, 426, 460).  The  formation  of  calcium  sulphate 
in  soils  containing  the  carbonate  and  sulphur  was  explained  by  Dumas,  on  the  supposi- 
tion that  the  sulfur  in  contact  with  the  organic  matter  of  the  soil  produces  hydrogen 
sulphide,  which  is  subsequently  oxidised  to  sulphuric  acid.  Pollacd,  however,  -finds 
that  sulphur  can  convert  sulphates  into  carbonates  without  the  intervention  of  organic 
matter,  and  without  previous  formation  of  hydrogen  sulphide.  Perfectly  pure  pre- 
cipitated calcium  carbonate  and  fiowers  of  sulphur  freed  from  sulphuric  acid  were 
made  into  a  thin  paste  with  water,  and  placed  in  sunshine,  the  temperature  being 
about  40®,  for  four  hours.  The  dried  mass  was  then  found  to  be  ridi  in  sulphate. 
Another  experiment  showed  that  sunlight  is  not  necessary  to  the  reaction.  The 
presence  of  such  organic  matter  as  humus,  or  of  horse<lung,  hastens  it  Pollacci  considers 
that  the  greater  part  of  the  calcium  sulphates  of  soil  has  been  formed  by  this  reaction, 
and  that  when  the  formation  of  hydrogen  sulphide  has  been  one  stage  in  the  produc- 
tion of  the  sulphate  (€.g,,  from  orsanic  matter  which  has  decayed,  or  from  volcanic 
sonrces),  the  acid  is  first  decomposed  into  water  and  free  sulphur.  He  points  out  that 
sulphate  is  an  invariable  constituent  of  the  soil  in  the  districts  whence  sulphur  is 
obtained,  and  that  the  rock  which  is  nearly  always  closely  associated  with  the  sulphur 
{hriaottk  or  madre  deilo  soifo)  is  a  calcium  sulphate.  Moreover,  analyses  by  different 
chemists  of  an  Italian,  a  French,  and  a  German  soil,  each  containii^  free  sulphur, 
agree  in  this,  that  the  soils  contained  abundance  of  sulphate,  but  no  carbonate.  All 
the  alkaline-earthy  carbonates  behave  like  calcium  carlK>nates  with  sulphur  and  water, 
though  with  different  de«;rees  of  intensity.  Barium,  strontium,  and  magnesium  are 
also  found  associated  with  sulphur  as  sulphates,  but  not  as  carbonates. 

According  to  Brugnatelli  a.  Pelloggio  {0(Ufz.  1874,  686)  the  oxidation  of  the 
sulphur  under  the  ciroumstances  above  described  takes  place  at  the  expense  of  the 
oxygen  of  the  water  and  not,  as  supposed  by  Pollacci,  throuffh  the  agency  of  atmospheric 
oxygen,  and  the  formation  of  sulphuric  acid  is  preceded  by  that  of  pentathionic  and 
tetrathionic  acids.    See  also  Bellucd  (Qtug.  1874,  p.  170). 

Om  iks  a^um  qf  Calcium  Carbonate  on  Calcium  Pkosphats  and  Superphoephaiea, 
see  Jaffre  (MonU.  SoimU.  [8],  iv.  1066). 

A  gelatinous  hydrate  of  calcium  carbonate  is  formed  by  the  action  of  car- 
bonic add  on  lime  and  water  (Bondonneau,  Bull,  8oo.  CMm,  [2],  xxiii.  100). 

Copper  Caiikoiiates  (F.  Weibel,  Jakrbueh  f,  Mineralogic,  1873,  246).  Nearly 
all  the  published  analyses  of  azurite  indicate  a  difference  between  the  actual  oompo 
sition  of  the  mineral  and  that  which  it  should  have  in  accordance  with  the  formula — 
Cu*CK)'  +  H*0,or  8CttO.20O«  +  HH),  viz.,  692  per  cent.  CuO,  26*6  C0«,  and  6-2H«0, 
the  carbonic  anhydride  found  being  less  than  the  calculated  amount  by  0*1  to  1*66  per 
cant.,  and  the  water  in  excess  of  the  calculated  quantity  by  0*24  to  1*28  per  cent  A 
spedmen  of  massive-crystalline  asurite  from  Siberia,  freed  as  completely  as  posdble 
from  gangue  and  admixed  malachite,  carefully  dried  over  sulphuric  acid  at  100®, 
gave  by  imalysis,  after  deduction  of  4*06  per  cent,  insoluble  admixtures  (ferric  oxide, 
silica,  &«.),  69*66  per  cent  CuO,  24*26  CO*,  and  608  water.  This  result^  like  that  of 
tJl  previous  analyses,  indicates  a  composition  intermediate  between  that  of  azurite  and 
that  of  malachite,  2GuO.COs+  H*0  (71*9  per  cent  CuO,  19*9  CO*,  8*2  H*0),  and  leads 
to  the  supposition  that  azurite  may  be  formed  from  malachite  by  abstraction  of  water 
mod  addition  of  carbonic  anhydride,  a  supposition  further  suggested  by  the  fact  that 
asurite  and  malachite  almost  invariably  occur  together. 

That  azurite  may  actually  be  formed  firom  malachite  in  this  manner  is  shown  bj 
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the  following  experiment.  Small  pieces  of  marble  were  introduced,  togeCliffir  with  i 
moderately  strong  solution  of  cuprie  sulphate,  into  a  tube  of  Bohemian  glus,  wUdi 
was  then  sealed  and  heated  to  160^-190^  for  about  24  hours.  On  remoring  the  tube 
from  the  air-bath«  the  liquid  was  found  to  be  completely  decolorieed,  mnd  the  hnps 
of  marble  were  covered  with  a  crust  of  malachite  of  a  fine  green  colour.  Tliis,  indesd, 
is  a  well-known  result.  But  further,  on  setting  the  tube  aside,  still  cloeed,  aiid  at  ths 
temperature  of  the  air,  small  crystals  of  gjrpsum  began  to  separate  after  abontavei^ 
their  quantity  continually  increasing  for  several  weeks  more,  while  at  the  tame  tOM 
the  liquid  almost  entirely  disappeared,  and  the  green  crust  of  malachite  on  the  BMurUs 
became  dotted  with  small  dark  blue  nodules,  which  gradually  inereaaed  till  thsy 
formed  in  some  parts  a  compact  coating.  On  opening  the  tube  alter  about  thiw- 
quartcrs  of  a  year,  no  tension  was  found  inside.  The  dark  blue  substance  waa  sealy 
recognised  as  a  copper  carbonate,  but  no  quantitatiye  analysis  was  made  of  it,  oe 
account  of  the  difficulty  of  obtaining  it  in  sufficient  quantity  free  from  the  maUehlti 
to  whidi  it  adhered ;  but  the  dark  blue  colour  and  the  czystalline  charMiter  of  tht 
nodules  *  afford  sufficient  proof  that  they  consist  of  azurite. 

The  mode  of  action  in  this  experiment  is  easily  understood.  The  mntiial  aedon 
of  the  calcium  carbonate  and  copper  sulphate  at  a  high  temperature  prodnoee  eo|ipir 
carbonate  (malachite),  calcium  sulphate,  and  carbonic  anhydride.  The  calemi 
sulphate  is  at  first  held  in  solution,  not  as  gypsum  but  as  anhydrite ;  otherwise  it 
would  crystallise  out  as  gypsum,  either  during  tne  heating  of  the  tube,  or  at  all  enntB 
during  cooling,  especially  as  its  quantity  is  somewhat  considerable ;  since,  however, 
the  actual  separation  of  the  gypsum  is  very  gradual,  we  must  suppose  that  it  is  dowly 
formed  after  cooling  by  combination  of  the  anhydrite  with  water. 

The  first  stage  of  the  process  above  described  may  accordingly  be  represented  by 
the  equation : 

20uS0<  +  20aC0»  +  H«0  =  Ou«CO<.H«0  +  2CaS0«  +  C0«. 

Malachite  Anliydrlte. 

As  soon  as  the  tube  cools,  the  anhydrite  begins  to  be  transformed  into  gypsum  by 
assumption  of  water,  which  it  ultimately  takes  from  the  malachite,  tiiis  latter  com- 
pound at  the  same  time  absorbing  carbonic  anhydride  which  is  present  in  a  state  of 
nigh  tension,  the  final  result  being  the  conversion  of  the  malachite  into  asorite — 

8(Cu»C0<.H«0)   +  00»  -  H*0  -  2(Cu«C«0'  +  H«0). 

Malachite.  Asorite. 

This  mode  of  formation  of  ivEurite  may  be  thus  expressed :  AtnurUe  is  formti 
from  malachite  cU  ordinary  temperatures  by  addition  of  carbonic  ankydride  aad 
abstraction  of  water,  in  presence  of  carbonic  anhydride  of  high  tension  and  a  cidlfdErs- 
ting  agent. 

The  assumption  that  native  azurite  is  formed  in  this  manner  appears  at  fintiiriifc 
somewhat  in  discordance  with  the  fact  that  pseudomorphs  of  malachite  after  amnte 
are  of  frequent  occurrence,  whereas  pseudomorphs  of  asurite  after  malachite  are  nevw 
found.  But  the  formation  of  malachite  from  azurite  by  assumption  of  water  and  loss 
of  carbonic  acid — ^which  undoubtedly  takes  place — by  no  means  precludes  the  possilile 
formation  of  azurite  from  malachite  under  different  external  conditions ;  and  on  the 
other  hand  the  non-occurrence  of  pseudomorphs  of  azurite  after  maladiite  is  suffl- 
ciendy  accounted  for  by  the  rarity  of  crystals  of  the  latter  mineral. 

&ead  Carbonate.  This  salt  has  been  formed  in  the  crystallised  state  on  the 
bases  of  some  bronze  objects,  discovered  at  Pompeii,  which  had  been  loaded  with 
lead.  In  some  of  these  the  carbonate  appears  simply  as  an  amorphous  mass ;  in 
others  the  amorphous  mass  is  accompanied  by  carbonate  in  a  translucent  and  com- 
pact state,  with  incipient  traces  of  crystallisation ;  and  in  one  case  -the  earbonate 
occurs  in  brilliant  and  well  defined  crystals,  which  must  have  been  formed  withm  a 
known  interval  of  time  (S.  de  Luca,  Compt,  rend,  Ixxxiv.  1457). 

Lead  carbonate  is  soluble  in  neutral  ammcnium  butgrate,  a  solution  of  100  gnas 
of  that  salt  at  10°,  taking  up  1*038  grams  of  leul  carbonate  in  six  minutee,  and 
1*536  grams  in  four  days,  liie  solution  is  limpid  and  colourless,  and  might  afibrd  a 
means  of  obtaining  lead  carbonate  in  crystals  (Bertrand,  J.  Pharm,   Ckim,  [4], 

iii.  345). 


Magiieaiiim  Carbonate.    According  to  E.  Fleischer  (J.  pr,  Chem,  [2],  vi.  S7t\ 
this  salt  is  partially  decomposed  by  calcium  sulphate  solution,  especially  m  presence 

•  Ajrimilar  resnlfc  wu  obtained  some  yean  afro  t^  Dobraj  (JahreAer.  /.  ChtnOe,  18M.  ai4)^^wha 

JbiBd 


Ivam  of  (dialk,  together  with  solid  cnprio  nitrate  and  water,  in  a  sealed  tnte, 

tbat,  onkaVing  the  tube  to  itself  at  the  ordinary  tcmitomturo,  tho  chalk  became  cofered  with  a 
n  aruBt  of  baalo  cnpric  nitrate,  on  which  blue  crystalline  nodalos  of  aznrito  fcnAvalkf  fwed. 
<  eerbmlo  anhydride  in  the  tube  evolved  by  tho  dccunipi>i(itiun  of  the  chalk  exhibited  a  i«Mnre 
fm  to  ffmr  otxnospherus. 
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of  eommon  salt,  into  caleiiiiii  carbonate  and  magnesiom  sulphate.  When  equiralent 
qnanlities  of  gypsum  (6*0  giams  of  CaSO*.HK))  and  magnesia  alba  (3-8  grams)  were 
digested  for  an  nour  with  common  salt  (1  :  6,  100  c.c.)  in  a  water-bath  at  80^,  the 
water  being  renewed  as  it  evaporated,  about  30  per  cent,  of  the  gypsum  was  converted 
into  calcium  carbonate,  and  15  per  cent  dissolved  in  the  solution  of  common  salt. 
When  the  same  quantities  of  magnesium  carbonate  and  gypsum  were  treated  with  a 
1  :  12  solution  of  common  salt,  28  per  cent,  gypsum  was  decomposed  and  only  10 
per  cent,  dissolved.  If  to  the  solution  of  common  salt,  magnesium  sulphate  (10*230 
fframs)  be  added  (whereby  sodium  sulphate  and  magnesium  chloride  are  formed),  the 
decomposition  of  the  gypsum,  though  not  completely  arrested,  is  greatly  retarded. 
An  increase  of  the  proportion  of  common  salt  to  sypsum  does  notproouce  more  fiivour- 
able  results.  When  a  solution  of  common  salt  is  left  to  act  on  magnesium  carbonate 
and  gypsum  at  ordinary  temperatures,  only  about  8*4  per  cent,  of  the  gypsum  is  de- 
oompoeed. 

Magnesium  carbonate  dissolves  in  cold  BolutioxMci  alkaline  borates,  ib  precipitated 
therefrom  on  heating,  and  disappears  again  as  the  solution  cools  (Wittstein,  Arch, 
Pharm,  [8],  vi  40). 


€XASBOVT&-BZ8U&»Bam&,  CAlUMIVT&-BI8in»KOBX- 

&c    Set  TmocABBomo  Ethsbs. 


This  name  is  proposed  by  Berthelot  (Oompt,  rend.  Ixjd^. 
1098),  for  certain  compounds  which  he  regards  as  aldehydes  of  a  new  class,  compris- 
ing at  present  three  members,  namely,  ordinary  camphor,  C'*H**0,  allylene  oxide  or 
dimethylene-carbonyl,  C^HH),  and  diphenylene-carbonyl,  C^'HH)  (diphenylene-ketone). 
Suberone,  CH"0,  probably  possesses  a  similar  constitution. 

These  bodies  are  characterised  by  the  following  general  properties : — 

1 .  They  unite  directly  with  hydrogen,  producing  alcohols,  from  which  the  carbonyls 
may  be  regenerated  by  oxidation. 

2.  Ibey  are  formed  by  substituting  O  for  H*  in  certain  unsaturated  hydro- 
carbons. 

8.  By  union  with  the  elements  of  water  they  furnish  monobasic  acids,  the  typical 
reaction  being  the  production  of  formic  acid  from  carbonic  oxide. 

4.  The  carbonyls  can  be  converted  into  bibasic  acids  by  fixation  of  three  atoms  of 
oxygen,  e,g,  :— 

C"H"0  +  0"  -  0"H»H)*. 
Camphor.  Oampboric  add. 

These  bodies  are  thus  distinguished  both  firom  primary  aldehydes,  the  oxidation 
of  which  results  in  the  {iroduction  of  a  single  monobasic  acid,  and  firom  secondary 
aldehydes,  or  ketones,  which,  when  oxidised,  generally  yield  two  distinct  acids. 


OH'*N^*.    On  the  formation  and  constitution  of  this 
compound,  see  p.  387. 

OsT NH yO 

rXOIC  AOXB,  C»»H»«NH)»  -     VtH*—  C0—CK\ 

OCL NH— ^O 

This  acid,  which  Griess  obtained  by  the  action  of  heat  on  uramidobenzoic  acid  (2nd 
Suppl,  166),  is  also  produced  by  adding  potash  or  soda  in  excess  to  a  mixture  of 
thiocarbamidobensoic  acid  (p.  269)  and  mercuric  oxide,  suspended  in  boiling  water. 
The  whole  of  the  sulphur  is  thereby  removed,  and  the  filtrate,  largely  diluted  with 
water,  and  supersaturated  with  hydrochloric  acid  at  the  boiling  heat,  yields  an  amor- 
phous or  micro-acicular  precipitate  of  carboxamidobenzoic  acid. 


I,      C"H"C1»0«    - 
^^^^'XO'H^GO'H'    ^  monobasic  acid,  produced  by  oxidising  dimethyl-phenyl- 

trichlorethane,  (yROl\C*R*.CWf,  with  chromic  acid.  It  crystollises  from  alcohol 
in  small  plates  melting  at  173''-174^.  Its  alkali-salts  aystallise  well ;  the  barium, 
calcium,  and  magnesium  salts  are  flocculent  precipitates  (0.  Fischer,  DeuL  Chem, 
Ges,Ber.  lii.  1191). 

CABMfWXO  ACZB.  The  red  colour  of  this  add  is  destroyed  by  iodine  in 
presence  of  alkalis.  The  reaction  is  suggested  as  applicable  to  tJie  testing  of  carmine 
and  to  the  estimation  of  iodine  (A.  Frebault,  Jl  Pharm,  Chim,  [4],  xxiii.  338). 


CABWAVBA.  The  root  of  this  plant  contains  a  small  quantity  of  an  alkaloid 
not  yet  examined,  together  with  an  acnd  resin,  a  red  colouring  matter,  tannin,  and  a 
volatile  oil  (E.  L.  Cleaver,  Vharm.  J,  Trans.  [3],  v.  966). 
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(pW^*0^  (2nd  Suppl.  269).  ThiB  base  has  been  Ibaiid,  togsthv 
with  xanthine,  guanine,  hypoxanthine,  sarcine,  and  other  bodies,  in  the  extnet 
obtained  bj  boiling  yeast  with  water  (Sdiutsenberger,  Coff^.  rend.  IzxriiL  401). 

CASOB.  The  caiob  bean,  or  St.  John's  bread,  the  frnit  of  Ceratmua  «fl^Mi 
contains  isobutyric  add,  but  the  portion  left  behind  on  distillation  with  wmter  yields 
normal  butyric  acid  when  fermented  witb  chalk  and  cheese  (2nd  SuppL  227). 

OJkXBMKMf  CH'^  A  hydrocarbon,  obtained,  together  with  pancMtol*  by  dii> 
tilb'ng  the  caknnm  salt  of  podocarpie  acid  (7.  v.)  It  resembles  the  terpenet;  flOMQi 
like  turpentine  and  storax ;  boils  at  165^-157^ ;  becomes  resinised  on  eKposve  to  tht 
air,  yielding  an  oxidised  product,  C'H'H)' ;  and  when  treated  with  bromina,  yields 
bromocarpene,  CH^^Br  [?  CH^Br]  (Ondemans,  DeiU.  Chem,  Get,  Bit,  tL  lltfy 

CASVJM»0&t  C>*H*H).    See  Phbnoz.,  Hoxoloouss  of  (2nd  Smppl,  986). 

GJkXTOVBYX&ZC  ACZ2>,  C^H^*.  An  add  obtained  by  treating  oazyoplqflln 
with  fuming  nitric  add ;  whereupon  it  dissolves  with  eyolution  of  heat,  the  miztne 
after  a  short  time  solidifying  to  a  pulp  of  microscopic  white  needles.  When  poriied, 
first  by  solution  in  ammonia  and  repredpitation  by  an  add,  and  then  Iry  revested 
predpitation  of  its  alcoholic  solution  by  water,  the  caiyophyllie  add  is  obtained  ra  the 
amorphous  state.  It  dissolves  in  water  with  difficulty,  readily  in  alcohol,  ether,  tad 
glacial  acetic  add,  from  all  of  which  it  separates  in  the  amorphous  state.  It  nay, 
however,  be  czystaUised  from  fuming  nitric  add. 

Sodium  Caryophyllat€t  C*"H'*Na^*. — Garyophyllie  add  decomposes  aodiimi  car- 
bonate, and  on  evaporating  the  solution  to  dryness  and  extracting  with  aleobol,  sa 
amorphous  sodium-compound  of  the  new  acid  is  obtained. 

SUver  Caryophyllaie,  0*H'*AgK)',  is  obtained  as  a  yellow  amorphous  powder  00 
precipitating  a  solution  of  the  sodium  salt  with  silver  nitrate. 

Barium  Carvophyllate,  G*^H*^BaO'-f  l}HK),is  ayellowishjpredpitata  insolnUa  in 
alcohol,  sparingly  soluble  in  water  (Mylius,  DetU,  Chem,  Ges,  Ser,  tl  1068). 


r,  G«>H"0<.  The  formuhi  C*«H>*0,  usually  assiflned  to  this 
substance  (i.  809)  should  be  doubled,  inaamuch  as  the  temperature  at  wmetk  it  iolh 
Hmee  (286^)  is  much  higher  than  that  at  which  oommon  camnhor  distils  (S^^  Hm 
doubled  fbnmda  likewise  agrees  better  with  that  of  caiyophyllie  add.  Oontmy  to 
ordinary  statement,  caryophyllin  is  completely  insoluble  in  alkaline  liquids  (Myliu). 

CASCJkXZUbnr.  This  substance,  the  bitter  prindple  of  cascarOla  baric  (L 
809),  is  said  by  Tuson  (Chem,  80c,  J.  xvii.  196),  to  be  very  dmilar  to  ridnine^  the 
aUaloid  of  castor-oil  seeds.  According  to  G.  and  R  Mylius,  however  (DmL  dm. 
Gee.  Ber.  vi.  1061),  this  alleged  resemblance  does  not  exist,  ricinine  being  a  wiQ 
characterised  alkaloid,  whereas  cascarillin  is  a  neutral  body  having  the  eBniziesl 
composition  C^'O*.  Cascarillin  is  acted  upon  by  bromine  and  by  nitiie  aeid,  hot 
the  products  have  not  been  obtained  in  definite  form.  It  is  not  split  np  by  boilii^ 
with  dilute  adds,  and  therefore  is  not  a  glucoside. 

CABSXA.  The  chemical  constituents  of  the  bark  of  Casaia  Ugnea  haTS  been  ex* 
amined  by  F.  Trojanowsky  (Ruse.  Zeitsehr.  Pharm.  1874,  418) ;  100  pts.  of  tha  dried 
powder  of  two  samples  were  found  to  contain : 

Essential  oil 4*46  1-17 

Heein  soluble  in  ether 1-30  0*76 

Resin  insoluble  in  ether 16*49  6.86 

Tannic  acid 2*08  8-12 

Starch 6-70  — 

Mucus 6*12  2*78 

Ash 3*97  2-06 


If  SnO*.    On  pseudomorphie  crystals  of  casnterite  after  ottlio- 
dase,  from  Huel  Coatee  in  the  parish  of  St.  Agnes,  ComwaU,  see  J.  A. 
(Chem.  80c.  J.  1876,  684). 

CASTOS  OZ&.  The  products  obtained  by  saponifying  this  oil,  and  distilliif 
the  resulting  alkaline  ridnoleate  alone,  or  with  excess  of  alkali,  have  been  earcAdlr 
examined  by  Nelson  (Chem.  800.  J.  [21,  xii.  607,  837),  whose  results  are  in  aooora- 
ance  with  those  previously  obtained  by  Bonis  and  by  Stadeler  (v.  110),  via.,  that 
sodium  ridnoleate,  when  distilled  alone,  yields  a  distillate  of  hep ty lie  aldehyde 
(cananthol),  but  that  when  the  same  salt  is  distilled  with  excess  of  lUkali,  it  yields  a  dis- 
tillate of  secondary  octyl  alcohol  or  me thyl-hexyl  carbinolana  methyl- 
he  xyl  ketone,  and  areddue  of  sodium  sebate. 
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XksHng. — ^Pure  eaitor  oil  when  mixed  with  5  vol.  alcohol  of  90  per  cent,  giyas  a 
dftar  solution,  whereas  if  any  fattj  oil  be  present  even  10-20  times  the  Tolnm^of 
^irit  will  fkil  to  do  so. 

To  estimate  the  amount  of  admixed  fat,  shake  at  a  temperature  of  80°  a  portion  of 
the  oil  with  twiee  its  volume  of  90  per  cent,  alcohol.  Upon  cooling,  ana  when  at 
zest»  it  will  separate  into  three  layers,  the  lowest  of  which  is  gener^v  the  foreign 
oiL  This  gives  a  tolerably  accurate  determination  of  the  quantity  of  admixed  oil 
(Eager,  Chem,  Omdr.  1876,  389). 

OATA&T0Z8.  The  following  mechanical  explanation  of  catalytic  phenomena 
is  poposed  by  G-.  Hu&er  (Jl  pr.  cKm,  [2],  x.  886).  Chemical  molecules  are  supposed 
to  be  rigid  compounds,  or  systems  which  can  be  disintegrated,  but  can  neither  revolve, 
nor  be  moved  from  their  places  as  a  whole. 

If  two  molecules,  each  oonsistiog  of  two  atoms,  come  so  near  each  other  that  they 
enter  into  each  other^s  spheres  of  mutual  chemical  influence,  each  atom  exerts  an  at- 
tnctive  force  on  each  oi  the  other  three.  If  the  attraction  between  the  atoms  of  the 
first  molecule  is  greater  than  the  resultant  of  the  attractions  which  tend  to  separate 
the  atoms,  no  decomposition  takes  place.  In  other  cases  the  molecule  is  split  up,  and 
if  then  the  attractive  force  between  the  atoms  of  the  second  molecule  is  less  than  the 
eonesponding  resultant  of  the  forces  acting  in  opposition  to  it,  it  is  also  broken  up ; 
in  the  other  cases,  on  the  contrary,  where  the  attractive  force  between  the  atoms  of 
the  second  molecule  is  greater  than  this  reiraltant,  the  second  molecule  remains 
intact,  and  only  the  first  one  is  decomposed.  These  suppositions  may  be  extended  to 
three  or  more  molecules,  and  lead  to  the  oondusion  that  relative  intensities  mav  be 
conceived  to  exist  between  attractive  forces,  which  may  bring  about  the  decomposition 
of  two  molecules  out  of  three,  which  influence  each  other,  and  not  of  the  third,  or  of 
one  of  two,  and  not  of  the  other.  After  decomposition,  the  single  atoms  may  arrange 
themselves  in  new  chemical  combination. 


The  results  of  analyses  of  this  substance  from  different  sources 
and  by  different  chemists  are  by  no  means  accordant  The  following  formula  have 
been  assigned  to  it  {lat  8u^l,  416) : 

Hlashretea.       Zweogv        Neabenor        Kzanta.  Loewe       SefantsanbHgw 

KftUn  van  Delden  a.  Back 

0>*H"H)«      C"H"0"      C'»H"0»      0*«H"0»      C**H><0»      (?*E*Kf 

Aeoording  to  Gantier  (OompL  rend,  Ixxxv.  842),  the  catechins  obtained  from  yellow 
and  brown  catechu  (tiie  produce  of  Acacia  Catechu)  contain,  when  dried  at  120®, 
from  62*07  to  68'17  per  cent,  carbon,  and  4*16  to  4*62  hydrogen,  and  may  be  repre- 
sented by  the  formu^  G^H^'O*,  which  requires  63-31  C.  and  4-62  H. ;  but  the  cate- 
chin  from  yellow  catechu  contains,  after  drying  in  a  vacuum,  8  mols.  water  of  crys- 
tallisation, which  it  gives  off  at  120^  and  then  melts  at  188''-191°,  whereas  that 
from  brown  catechu  gives  off  4  mol.  HK)  in  a  vacuum,  and  then  melts  at  140® : 
hence  Gantier  regards  them  as  different  substances.  Catechin  from  mahogany  {bote 
tTaaff'tm)  also  dried  at  l(Hf*,  gave  68-29  C.  and  4-31  H.;  at  136^  63-10  C.  and  4*39 
H^  whence  Gautaer  deduces  the  formula  Q**E**0**  »  20»H>'0*  -  S*.  Latonr  a. 
Osnoenve  (Bull.  8oc,  Cktm,  [2],  xxiv.  119)  found  this  tannin,  dried  at  100®,  to  con- 
tain 69-43  per  cent.  0.  and  6*00  H.,  whence  they  deduced  the  formula  0**H?*0*  (69*44 
C.  and  4*96  H.),  differing  from  Zwenger^s  formula  by  +H*0.  Mahogany  catechin 
meha,  according  to  Gantier,  at  166®. 

From  recent  experimentB  by  Etti,  however  (LUbi^e  JnnaleUf  dxxxvi.  827),  it 
appears  hiffhly  porobable  that  the  discrepancies  in  the  results  above  mentioned  are  due 
to  the  methods  of  drying  adopted  by  the  several  experimenters.  G&tediin,  in  fact, 
when  heated  for  some  time  to  100®,  and  even  when  kept  over  sulphuric  acid  in  a 
vacnum  at  ordinary  temperatures,  gives  ofl^  not  only  its  water  of  crystallisation,  but 
an  additional  quantity,  giving  rise  to  an  anhvdride,  C**H**O>*-20*'H*'O*— H*0,  and 
when  heated  to  about  160^  it  yields  a  second  anhydride,  2C**H>'0*— 2H*0 :  hence,  as 
all  the  analyses  above  quoted  were  made  upon  catechins  dried  at  100®  or  upwards,  it 
is  probable  that  they  represent  the  composition,  not  of  definite  substances,  but  of 
mixtures  of  catechin  with  one  or  more  of  these  anhydrides. 

To  prepare  pure  catechin,  Etti  proceeds  as  follows :  Catechu  is  dissolved  in  eight 
times  its  weight  o!  boiling  water,  and  the  liquid,  after  being  strained  through  a  doth, 
is  left  for  some  days  till  the  insoluble  catechin  has  subsided.  The  crude  catechin  is 
collected  in  a  Unen  doth,  and  submitted  to  the  action  of  a  screw-press,  then  dissolved 
in  a  sicffident  quantity  of  dilute  alcohol,  and  the  filtered  solution  is  shaken  up  with 
ether  as  long  as  any  catechin  is  thereby  dissolved ;  and  after  the  ether  has  been  re- 
moved by  distillation,  the  residue  is  taken  up  with  distilled  water,  and  the  solution 
is  left  for  a  few  days,  when  the  catechin  crystallises  out  in  an  almost  colourless  state. 
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After  pressure  in  a  doth  it  is  a^in  dissolTed  in  boiling  water,  i^m  a  jelloviA* 
white  body  remains  behind,  which  appears  to  be  quereetin.  The  deep  red  liqaU 
remaining  after  the  catechin  has  been  dissolved  out  bj  ether,  oontaina  eateckii* 
red. 

The  catechin  prepared  as  above  was  freed  from  its  water  of  OTstaUisitioo  hj 
leaving  it  for  a  few  days  over  snlphoric  acid  (not  in  a  Taennm),  or  bj  dxjiag  at  t|. 
90^.  It  then  gave  bj  analysis  60*66  to  60*97  per  cent  carbon  and  4'8S  to  ^]0 
hydrogen,  agreeing  Tezy  nearly  with  the  formula  C^H^H)*,  previously  giviB  br 
Hlasewitx  a.  Malin,  which  requires  60'96  0.  4*81  H.  and  84*24  O. 

CSatechin  thus  obtained  precicitates  albumin,  but  not  gelatin.  Its  a^naovs  soh- 
tion  is  not  altered  bj  boiling  with  sine  and  sulphuric  add.  It  does  not  immediitslj 
expel  CO*  from  banum  earmmate  at  bdling  heat,  but  a  small  quanti^  of  that  gv  i 
evolved  on  prolonged  boiling,  because  the  catechin  is  thereby  converted  into  tin 
mono-anhydride,  which  has  ^e  power  of  decomposing  oazbonates. 

Catedbin  fosed  with  potassium  hydrate  is  resolved  into  protocatechnie  add,  phhio- 
gludn  and  2  mols.  hydr^n : 

C»H>H)«  +  2HK)  »  CTH'O*  +  2CraW  +  2H». 

This  reaction,  together  with  the  composition  of  the  anhvdrides  deaeribed  below,  i«di« 
cate  that  it  contains  the  residues  of  a  tetrahydrogenised  protocatedmie  add,  O'H**0* 
(not  yet  obtained),  and  diphlorogludn,  united  in  the  manner  of  the  phthaleins : 

C^0H)«<g^:3^^gP'  +  |g|-CH\0H)*-00.0H+20^H^0H)"+m 
Oftteobln.  Protocateobiiio  add.  Fhtao- 

Anlijdridea  of  Cateobln.  These  bodies  are  formed  by  the  oombinatioi  ef 
two  molecules  of  catechin,  with  elimination  of  1,  2,  3,  and  4  mols.  of  water. 

The  Mono-anhydride,  C"H'«0>*  -  2C»H*H)*  -  H*0,  also  called  d/sritei  wrf 
and  CtUechutannie  ioid,  mav  be  prepared  by  diying  catechin  for  sevoal  days  b  a 
vacuum  over  sulphuric  acid,  and  afterwards  heatii^  it  in  an  air-bath  to  127^ ;  it 
then  loses  about  2*40  per  cent,  of  its  weight,  which  is  that  requirad  1^  ths 
formula  above  given,  and  suffers  no  ftirther  loss  at  160^.  The  same  oonpouBd  is 
quickly  formed  by  boiling  catechin  with  aqueous  sodium  carbonate.  It  is  also  fn>- 
duced,  as  already  observed,  in  the  preparation  of  catechin  from  cateehn,  remaiDs  dis- 
solved in  the  deep-red  alcoholic  liquid  after  the  catechin  has  been  removed  bj  agita- 
tion with  ether,  and  is  deposited,  on  evaporating  off  the  alcohol  and  ether,  and  Isavii^ 
the  liquid  to  cod,  in  the  form  of  a  red  predpitate  which  may  be  collected  on  a  liaia 
filter,  washed  with  water,  and  pressed.  It  still,  however,  retains  iiMUganic  mattm 
(iron  oxide,  lime,  and  magnesia),  from  which  it  mav  be  £reed  bv  dissdving  it  ia  s 
small  quantity  of  very  dilute  alcohol,  adding  pure  hyiuochloric  add  previonaly  difatad 
with  2  pts.  water,  leaving  the  liquid  at  or£naiy  temperatures  for  aome  hoar*  at  thi 
temperature  of  the  air,  with  frequent  agitation,  then  diluting  it  with  water,  as  loiy  ss 
a  red  predpitate  is  produced.  This  predpitate  is  collected  on  a  dc^h,  atraag)! 
pressed,  and  dissolved  in  alcohoL  The  filtered  alcoholic  solution,  on  evi^potatiQB, 
leaves  the  catechin-red,  which,  when  triturated,  forms  a  shining  bladc-ied  powder. 

This  anhydride,  while  still  moist,  is  moderatdy  soluble  in  water,  and  is  prseipi- 
tated  therefrom  by  dilute  acids ;  it  dissolves  veir  easily  in  alcohol  at  all  degress  ef 
dilution,  but  is  insduble  in  ether.  When  quite  ueed  from  moisture  it  does  not  di^ 
solve  in  either  of  these  liquids.  When  dissolved  in  water  it  completdy  predpitstes 
both  albumin  and  gelatin  from  their  solutions,  and  must  therefore  be  rMaided  as  a 
tannin :  hence  it  is  appropriately  named  CkUechutanmo  acid.  It  exhibita  also  tits 
characters  of  an  add  and  decomposes  carbonates.  With  the  alkalis  it  fonns  salts 
easily  sduble  in  water ;  with  baryta  and  lime,  insoluble  salts. 

The  Dianhvdride,  C*«H^*«  «  2C>'fl>H)«  -  2H'0,  may  be  prepared  bj  beat- 
ing the  monoanhydride  up  to  162^,  or  by  boiling  it  for  several  hours  with  dihta 
sulphuric  acid.  It  resembles  the  monoanhydride  in  its  behaviour  to  sohreata, 
alkalis,  carbonates,  albumin,  and  gelatin.  It  may  be  heated  to  190®  withovt  dnng^ 
but  at  210®  it  begins  to  carbonise. 

TheTrianhydride,  C»H~0»  =  2C»»H»»0»  -  8HH>,  is  prepared  hj  boiE^ 
catechin  with  dilute  sulphuric  acid  (1  :  24).  After  a  time  a  readiah-yefiow  pre- 
cipitate separates  out»  which,  when  washed  and  perfectly  dried,  becomes  of  a  &A 
reddish-brown  colour.  It  is  perfectly  insoluble  in  water,  aloohd,  ether,  and  eanslie 
potash. 

The  Tetranhydride,  O«H»0"  =  2C»»H"0»  -  4HK),  also  oaUed  {kk^ 
churetin,  was  discovered  in  1863  by  Kraut  a.  van  Delden  (Itt  SuppL  416),  ^ 
prepared    it    by    passing    hydrogen    and    hydrochloric    acid    gas    aimnltaiiaoHiy 
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into  a  boiling  alcoholic  BolutioD  of  catechin.  Etti  prepares  it  by  acting  for  half  a 
day  on  catechin  inth  concentrated  hydrochloric  acid  in  a  sealed  tube  at  160°  to 
180^.  It  consists  of  a  dark  reddish-brown  powder,  which  resembles  the  previous 
anhydride  in  solubility.  It  may  be  heated  to  190°  without  change.  When  a  small 
quantity  was  heated  to  100° — 210°  and  treated  with  dry  hydrochloric  acid  gas,  traces 
of  pjrocatechin  were  obtained. 

Actum  qfJPoUuktm  Oateohin. — ^When  catechin  is  boiled  with  a  concentrated  solution 
of  eauatie  potash,  a  body  is  obtained  which  differs  from  the  first  anhydride  only  in 
the  amount  of  its  hydrogan*     The  decomposition  is  represented  by  the  equation : 

2C»»H>H)«  -  C"H»0"  +  H«0  +   8H. 

This  body  beharei  towaxds  sdyents  in  the  same  way  as  catechin  mono-anhydride. 
Its  aqueous  solution  precipitates  albumin  and  gelatin.  When  fused  with  potash 
it  yields  only  slight  traces  of  phlorogluein  and  protocatechuie  acid.  A  dianhydride 
of  similar  character  is  obtained  by  heating  this  mono-anhydride  to  166°-170°, 
0»H«^»»  — H*0  -  0"fl«H)"  (Etti). 

ca&ZiV&OU.  This  substance  treated  with  potassium  permanganate,  or  potas- 
sium dichromate,  and  acetic  acid,  is  couTorted  into  glucose,  dextrin,  and  formic  acid. 
The  production  of  glucose  and  formic  acid  is  represented  by  the  equation : 

2C«H»0*  +   2H«0  +   0«  -  C«H»H)«  +   6CH«0«. 

Iron  in  contact  with  air  and  water  acts  on  cellulose,  producing  glucose,  and  a 
^mmy  substance  which  is  insoluble  in  alcohol  and  is  converted  into  glucose  by  boil- 
ing with  dilute  sulphuric  acid.  The  soluble  ferment  of  foxglove  converts  cellulose 
into  glucose  and  dextrin  (Kosmann,  Bull,  8oe.  Chim,  [2],  xxvii.  246). 

On  the  EaHmatian  cf  CelltUote  in  Plants.    See  Vbobtablb  Tissub. 

On  CeUuloiie  Fermentation.    See  Fbbmhmtation. 

Cellulose  Hydrate,  C«H«0"  =  2C«H"0».H«0.— This  is  a  brittle  structureless 
substance  formed,  under  certain  conditions,  by  the  action  of  acids  on  cellulose. 
Puiiled  cellulose  immersed  for  twelve  hours  in  sulphuric  acid  of  46°  B.,  does  not  lose 
its  structure  till  it  is  pressed,  but  it  then  becomes  disintegrated.  The  product,  which 
is  oellulose  hydrate,  may  be  washed  and  dried,  but  easily  crumbles  between  the 
fingers.  It  dissolves  in  dilute  potash,  and  is  easily  oxidised.  When  kept  for  several 
days  at  60°  it  turns  yellow,  and  then  yields  to  water  a  coloured  substance  which  re- 
duces potassio-cupric  tartrate  or  silver  nitrate.  Cellidose  hydrate  is  also  formed 
when  cellulose  is  heated  to  100°  with  very  dilute  acids  (Girard,  Compt,  rend,  Ixxxi. 
1106). 

OXMBWT.  On  the  changes  which  take  place  in  the  setting  of  Portland  Cement, 
see  Erdmenger  {Dingl.  pol.  J,  ccxv.  638  ;  ccxvi.  68  ;  Chem.  Soc,  J.  1876,  i.  124). 

On  Basic  Calcium  Carbonate  in  Hydraulic  Cements :  Schulatschenko  (Dingl.  pol.  J. 
OCT.  836  ;  Chem.  Soo.  J.  1873,  97). 

On  the  Causes  which  Modify  the  Setting  of  Plaster,  and  on  new  Cements  of 
Plaster  and  Lime :  Landrin  (Compt,  rend.  Ixxix.  668  ;  Cktm.  800.  J.  1876,  106). 

On  Scott's  Selinitic  Mortar :  F.  Schott  {Dingl.  pol.  J,  ccix.  30 ;  Chem.  Soc.  J.  1874, 
96).  On  Portland  Cement  from  Dolomitic  limeBtone :  Erdmenger  {Dingl.  pol.  J.  ccix. 
386 ;  Chem.  8oe.  J.  1874,  06). 

On  Cement  for  Caustic  Lye  Tanks :  Dinal.  pol.  J.  ccx.  309 ;  Chem.  Soe.  J.  1874, 
106).  Cements  for  Gas-retorts :  Capitaine  {^Dingl.  pol.  J,  ccxv.  186 ;  Chem.  Soc.  J. 
1876,  130).  Cement  for  Glass  and  Porcelain:  Liesegang  (Chem.  Centr.  1872,  398; 
Chem.  Soc.  J,  1873, 97). 


OMMMBMSMm  According  to  Gobley  (J.  Pharm.  [4],  xix.  346),  Liebreich's  pro- 
tagon  (iv.  737)  is  a  mixture  of  lecithin  and  cerebrin,  a  view  previously  proposed  by 
Strecker  (let  Sujppl.  779).  Cerebrin  exists  largely  in  brain-matter,  from  which  it  is 
extracted  by  boilmg  alcohol.  It  may  be  freed  from  fatty  matter  by  ether,  and  from 
lecithin  and  calcium  phosphate  by  repeated  solution  in  boiling  alcohol.  It  is  a  solid, 
inodorous,  colourless  body.  It  melts  when  dry  between  166°  and  160°,  and  above  the 
latter  temperature  turns  brown  and  decomposes,  giving  off  ammoniacal  vapours  and 
leaving  a  deposit  of  carbon.  It  is  insoluble  in  water,  either  cold  or  boiling,  but  boil- 
ing water  causes  it  to  swell  into  a  starch-like  mass.  From  boiling  alcohol  it  sepa- 
rates almost  entirely  on  cooling.  Ether  has  but  little  action  upon  it.  It  combines 
with  acids,  and  retains  traces  of  them  with  great  stubbornness.  It  combines  also 
with  metjdlic  oxides,  but  not  in  definite  proportion.  Its  composition  is :  C.  66*86, 
H.  10-82,  N.  2-29,  0.  2004. 

Bourgoin  points  out  that  the  centesimal  composition  of  cerebrin  agrees  with  that 
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of  a  compound  of  ammonia  with  two  equiyalents  of  a  diozjoleic  add,  or  with  a 
pound  of  neurine,  or  some  analogous  substance,  with  a  fatty  acid  similar  to  pafaaitie 
acid  (c7.  Pharm,  Chim,  [4],  zx.  26). 


This  mineral  has  mostly  been  found  in  amorphous  maatat.  Orjfilali 
of  cerite  haying  the  form  of  short  six-sided  prisms  are  indeed  mentioned  by  HaidiiM; 
but  their  form  was  not  exactly  determined.  Recently,  howeyer,  A.  £.  NovdeukMld 
has  discoyered,  in  the  mineral  collection  of  the  Mining  School  at  Sto^holm,  dirtaet 
crystals  of  cerite,  enclosed,  together  with  small  crystals  of  allanite,  in  biflnortil- 
glance. 

These  crystals,  which  belong  to  the  rhombic  system,  form  grains  rnsmnMim 
chondiodite,  not  larger  than  peas,  and  bounded  by  numerous  fiaoes,  the  moat  disliaet 
of  which  are  odP,  oo^^,  ooPqo  ,  oo^oo ,  Poo .  Axes  alb  I  o^\  :  0*9988  :  0^117. 
Analysis  showed  that  they  haye  the  composition  of  cerite  containing  a  small  qosstity 
of  fluorine.  They  contain  a  yery  yariable  amount  of  water  (3*6  to  9  per  cent.),  psrii^ 
not  originally  belonging  to  them. 

Supposing  then  cerite  to  be  anhydrous,  it  may  be  regarded  as  both  stdlchiomeCri- 
cnlly  and  crystallographically  isomorphous  with  oliyine : 

Olivine  (Mg,  Fe)«SiO«,  rhombic,  aiblc  «   1-0729  :  1  :  1-2628 

Cerite  (Ce,  La,  Di,  Fe)«SiO»,  rhombic,  a:h:^  «   1-0016  :  1  :  1-2206 

(Nordenskiold,  Deitt,  Chem,  Gea.  Ber,  vii.  476). 


VTAIbB,  Ce,  Di,  La.  Mendelejeff,  as  already  stated  (2nd  SufpL 
273),  assigns  to  these  elements  the  atomic  weights,  Ceai38  :  DiBl88  :  La**  180, 
according  to  which  cerium  and  didymium  are  triads  and  lanthanum  is  a  tetrad.*  The 
number  assigned  to  cerium  is  corroborated  by  Mendelejeff*s  determination  of  the 
specific  heat  of  the  metal,  viz.  -060 ;  for  this  number  multiplied  l^  138  gives  for  the 
atomic  beat  the  number  6*9,  which  is  in  accordance  with  the  law  of  Bulong  and  Petit 
This  result  is  confirmed  b^  the  recent  experiments  of  Hillebrand  {Pogg.  Asm,  dyiil 
71),  who  finds  for  the  specific  heat  of  cerium  the  value  -04479,  which  is  neariy  equal 
to  tJiat  obtained  by  Mendelejeff.  For  the  specific  heats  of  didymium  and  lanthaoom 
also,  Hillebrand  finds  values  which,  according  to  the  law  of  Dulong  and  Petit*  give 
for  the  atomic  weights  of  those  metals  values  1  \  times  as  great  as  those  hitherto 
assigned  to  them  {eg.  for  lanthanum,  139  instead  of  93*6),  and  acoordinfly  show  ^t 
these  two  metals,  hitherto  supposed  tx>  be  dyads,  should  also  be  regarded  as  tzisds. 
Ilillebrand's  numerical  results  for  the  three  metals  are  as  follows: 


Ce 

La 

Di 

•04479 

•04486 

-04668 

138 

139 

144-78 

618 

6-23 

6-60 

Specific  Heat 

Atomic  Weight 

Atomic  Heat 

Hillebrand,  therefore,  agrees  with  Mendelejoff  with  respect  to  the  quantivalenee  of 
cerium  and  didymium  (both  triadic),  but  differs  from  him  with  respect  to  lanthamm, 
which,  according  to  Mendelejeff,  is  a  tetrad.  MendelejefiT's  conclusion  with  reeud  to 
this  metal  is  not  however  based  on  a  determination  of  the  specific  heat,  or  indiDed  o& 
any  actual  experimental  evidence,  but  merely  on  what  he  supposes  ought  to  be  the 
place  of  lanthanum  in  the  series  of  elements,  according  to  the  penodic  law  of  the  atomie 
wei^ts  {2nd  Suppl  p.  463). 

Sammelsberg,  as  already  observed  (2nd  Sujf>j>l.  273),  raised  objections  to  thi 
changes  proposed  by  Mendelejeff  in  the  atomic  weights  of  the  cerite  metals,  finmded 
partly  on  the  composition  of  Uie  ceroso-ceric  salts,  partly  on  the  isomorphous  relatiooi 
of  the  three  metals.  Mendelejeff,  on  the  other  hand  (lAehufa  AnnaUm,  dzyiii.  H ; 
JahresbericAt,  1873,  262),  defends  the  proposed  changes,  on  the  ground  of  the  greets 
simplicity  of  the  formulse  based  on  the  new  atomic  weights,  especially  in  the  ease  of 
the  cerium  salts ;  and  with  regard  to  the  nonconformity  of  the  fonnulss  of  oertaia 
compounds  of  these  metals  wi&  those  of  other  compoirnds  which  crystallise  in  sioi- 
lar  forms,  he  observes  that,  since  cases  of  isomorphism  are  known  to  exist  betwsM 
compoundjB  of  well-established  composition  containing  unequal  numbers  of  atoms,  i^. 
ZnO  and  A1H)»,  CaCO«  and  K*IrF»,  FeNVO*  and  FeWO^  NH*X  and  KX— the  iwh 
morphism  of  Ce«0«  and  Fe»0«,  and  of  Di2(S0«^»  +  8H«0  with  Cd«(SO^)«  +  8HK),  cannot 
be  regarded  as  an  objection  against  the  adoption  of  the  new  atomic  weights.  Hie 
isomorphism  of  the  lanthanum  salts  with  the  corresponding  didymium  salts  and 

*  In  his  Tables  of  the  Elements  arranged  according  to  the  Periodic  Law,  Menddejeff  pboei  cmim 
t»  well  a»  lanthaiinin  ajnong  the  tetrads  (ind  Suppl.  468,  464). 
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eerous  ealU  is  quite  in  accoidance  with  the  views  of  their  coQtttitutioo  now  enterUiiQeil, 
lant.hamiTn  having  been  shown  to  be  a  triad,  not  a  tetrad  as  formerly  supposed  by 
Hendelejeff.  Bat  it  ia  not  necessary  to  pursue  the  discussion  further,  since  Kammels- 
berg  himself,  in  a  recent  paper  {Deui.  Chem.  Oes.  Ber,  iz.  1580),  has  withdrawn  his 
objections  to  the  new  atomic  weights,  regarding  the  question  as  completely  settled  by 
Hillebrand*8  determinations  of  the  specific  heats,  and  further  considering  that  the 
new  atomic  weights  have  the  advantage  of  affording  on  the  whole  simpler  formulae 
for  the  compounds  of  the  three  metals,  especially  of  the  eerie  salts. 

The  gadolinite  metals,  yttrium  and  erbium,  are,  in  like  manner,  regarded  by 
Bammelsbezg  and  Mendelejeff  as  triads.  Cleve  also  (Bull,  8oe,  Chim.  [2],  xxi.  196. 
246)  reflirds  the  metals  of  both  these  groups  as  triads.  Delafontaine,  on  the  other 
band  (A.  Arch,  pk.  not,  li.  46),  maintains  the  older  view,  partly  from  considerations  of 
isomorphism,  partly  on  account  of  the  strong  basicity  of  the  lower  oxides  of  these 
metals,  all  of  which  unite  directly  with  water,  dissolve  in  acids  with  great  evolutioo 
of  heat,  and  easily  form  well-crystallised  carbonates,  all  which  properties  are  charac- 
teristic of  monoxides  rather  than  of  sesquioxides. 

The  following  table,  taken  from  Bammelsbeig*8  memoir  above  cited,  exhibits  the 
composition  of  the  naturally  occurring  compounds  (chiefly  silicates,  niobates,  and 
tantalates)  of  the  cerite  and  gadolinite  metals  according  to  the  old  and  new  atomic 
weights,  the  symbol  R  denotioffanatom  of  bivalent  metal  (Ce  «  92 ;  Di »  95 ;  La  :=  92*5 ; 
£b»113'7;  Y»59*7),  and  »  an  atom  of  trivalent  metal  (ee»138;  Bi-144; 
ia«139;  fib  =  169;  ¥  =  92-5). 


Cerite. 
Lanthanite  . 

Hamartite  . 

Xenotime    . 
Oiyptolite   . 

YttroCantalite 


Fergusonite 


Polycrase    . 


Crystallised 
Massive 


Enxenite 


Now. 
»^i«0»+3sq 
fiC»0»+9aq 
<»F1«      ( 
j2«C«0»f 
¥I«0«(?) 
eePH>» 

56(B«Ta«0'  +  8aq)  ) 
}2(««Ta«0*>  +  8aq){ 

Ta-Ta,Nb 

(mB'NbW^-xaq)^ 
}n»«NbH)«'+xaq)j 


Old. 
R«SiO«  +  aq 
RC0"+3aq 
JRn»    ( 
}2RC0«J 

y«p«o«  (?) 

Oe»P«0« 
R«Ta«0'^ 


R«XbK)«  +  xaq 


1) 


m:n  x(m*n! 

1:6  I  Greenland, 

3:4  4  yellow  Yttrotantalite. 

^  :  2  4  brown-bUck     .   „ 

1  :  4  7  Kamsfret, 

8:6  4  Tyrite, 

2:3  8  Ceradte, 

NbvNb  and  Ta  in  many  cases 

MRNb«0«    I    \ 

)nRNbH)>«{ 

.  (RTiO*     I 

.*}nBTi«0»$, 

n     X 


+  xaq 


JRNb«0«)     ,^ 
}4RTiO«r^ 


2 

4 


18 
24 


MmRNb«0« 


JnRNb«0» 
^  \mRTiO 
"  JnRTiH)' 


•hxaq 


l2RTiO«{^"^ 


Pfrochlore  . 
(l)Miask    . 


1  :  4  12  Alyo 

4  :  5  30  Morespar 

5  :  4  18  Eydland 

60NaFl 


f  -  (12RNb«0«n 
^  J€eNb«0"  J  . 


U2RTiOM 
j€eTi»0»  J 


■  ■2 


f4NaFl  ) 
\  6RNbK)«  \ 
l4RTiO»   J 
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(2)  Crevig 


(3)  Fredriksyarn . 


(4)  Kaiserstuhl 
Gadolinite  . 


Orthite 


JiO*  ( 


9 


i4NaFl 
\  6RNb«0« 
l2RTiO« 


1 


(NaFl  ) 
\  R«Nb«0«  \ 
iRTiO*    j 


(6NaFl      I 
{8R«NbWl 

R«SiO» 


]mR%iO«  t 
}ii»«8iH)»i 
8:1 


Ti-TiandTh. 

90NaFl 

-  U2RNb«0«n 
^  jeeNb«0»«  { 
.  n2RTiO«    I 
.*j6eTi»0»     J  J 

Ti-Ti  and  Th. 

12NaFl 

' '  20RNb»O«  ( ^ 

eeNb^>«  J 

20RTiO«( 
U6eTi«0»  J    ) 

2lNaR 

(10R«Nb«O'( 
}ee«Nb»0"  { 
5mR«SiO»f 
jnfiSiO*   { 

m  :  n 

1  :  1  Hitteroe 
3  :  2  Ttterlen 
1  :  8        ..      (?) 

6:6      „ 

(mR'SiO 
•     }nfi»Si 
m  :  n  often  —  3*2 

Yttrotitanite 

SRSiO*  )  \ 
2RTiO«C 
.  j3ftSi«0»> 
I*  }2RTi»0»{, 

Tschewkinite 

f  -  (3RSiO«  M 

^  }2RTiO»  C 
"    .  53fiSi«0»(  ■ 
l*l2RTi«0»j; 

Oerlumt  Ces  138.*  Hillebrand  a.  Norton  (Pd^a.  Ann*  clyi.  466)  haveobtainad 
pore  metallic  cerium  by  electrolysis  of  jyaie  ceroos  chloride,  using  an  appaistns  lika 
those  employed  for  similar  purposes  by  Bunsen  and  Matthiessen  (ii.  487»  488).  Ths 
metal  thus  obtained  has  the  colour  and  lustre  of  iron,  and  takes  a  high  polish ;  in  dij 
air  it  preserves  its  lustre,  but  in  moist  air  it  becomes  covered  with  coloured  fflms  liki 
heated  steeL  It  is  malleable,  and  when  hot  can  be  drawn  into  wire  of 
flexibility.  Sp.  gr.  6*68  to  6*73.t  Its  melting  point  is  below  that  of  nlTer,  bnt 
siderably  above  Siat  of  antimony.  It  kindles  in  the  air  at  a  lower  tempeiratiire  than 
is  required  to  ignite  magnesium ;  small  fragments  inflame  by  the  mere  act  of  detach- 
ing them,  and  showers  of  brilliant  sparks  are  produced  by  striking  a  piece  of  ths 
metal  with  a  flint.  A  piece  of  cenum  wire  burns  with  even  greater  briHiaacj 
than  magnesium.  Cerium  bums  in  chlorine  and  in  bromine  vapour,  and  oombiiits 
directly  with  iodine,  sulphur,  and  phosphorus.  Concentrated  sulphuric  and  nitrie 
acids  do  not  attack  it  in  the  cold,  but  these  adds,  when  diluted,  dissolTe  it  readily,  as 
does  also  hydrochloric  acid. 

Oxides  and  Salts, — According  to  the  new  atomic  weight  of  cerium,  the  two  ozidet 
(formerly  CeO<  and  Ce*0«)  have  the  formuUd  Ce*0*  and  CeO<,  the  metal  in  the  lat««r 
(eerie  oxide)  being  quadrivalent. 

Of  the  salts  there  are  three  classes,  vis. : 


Cerons. 
Ce«X«  or  CeX« 


CflTOso-oeric. 
CeX'.CeX*  or  Ce«X' 


Oerio. 
Ce«X»  or  CeX» 


*  See  p.  418.  H.  Btthrig  (/.  pr.  Chem,  [S],  xii.  209),  from  analyses  of  ceroos  oxalate qwolRMOopI- 
cally  free  from  didymimn,  infen  that  the  atomic  weight  of  cerium  (diatomic)  la  M'lTKI,  videik 
givefl  for  the  trlatomic  metal,  141*2678. 

t  The  lower  specific  gxavity  (S*ff )  of  the  metal  which  Wdhler  obtained  by  rednoing 
with  aodiom  {Itt  Supply  419)  waa  donbtlees  dne  to  admixture  of  Rodiom. 
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Of  the  three  STilphates  formulated  by  Rammclsbergi  according  to  tliu  old  atomic 
weight  of  cerium  {2nd  Suppl,  275)»  the  brown-red  hexagonal  salt  remaiiut  also  a 
ceroso^eric  salt  according  to  the  new  atomic  weight,  while  the  yellow  normal  ceroso- 
eerie  salt,  and  the  yellow  basic  salt,  become  normal  and  basic  eerie  salts  respectively, 
thus,  (Ge::=92;  Oeal38): 

Broum-red  Hexagonal  Salt,  j  ^g/so*?!  "*"  ^^^' 
Ydlow  Normal  SaU,  6e(S0')<  -i-  4aq. 
YeOow  Basic  Salt  (probably),  jgH^^^o*! 

Crystallised  Ammonium  SaU^  Ja^N^'^ssOM  '*'  ^^^' 

The  following  cerous  salts  have  been  examined  by  S.  Jolin  {BulL  Soc,  Chim.  [2], 
xxi.  623):— 

[Ce«l38.] 
Chloride^  CeCl*  +  7H*0. — Large  colourless  crystals. 
Mercwro-ckloride,  CeCl«.4HgCl«+  10H«0.— Colourless  cubes. 
Platinoehloride,  CeGl'.PtCl«-l-  ISHH).— Large  orange  coloure<l  plates. 
Auroehloride,   CeCl'AuCl'+  18HK). — Yellow  deliquescent  prisms. 
Bromide,  CeBr*  +  xH*0. — Very  deliquescent  needles. 
Aurobromidt,  CeBr*.AuBr"  +  8H'0. — Dark  brown,  shining  crystals. 
Fluorid§,  2CeF'  +  H*0. — Gelatinous  precipitate. 
Thiooyanate,  Ce(CNS)*  +  7H«0.— CJolourless  prisms. 

Ce(0IiS)*.3Hg(CN)<+12H>0.— Well-defined  tabular  ciystols. 

Ceroso-potassio  Ferroeyanide,  ^  [(CN)«Fe  +  3H*0.— White  powder. 

Cerous  Ferroct/anide,  (V(ON)'Fe+  8HK). 

Ceroso-plaiinous  Cyanide,  2Ce(CN)*.3Pt(ON)>  +  18HK).— Yellow-green  prisms. 

NUrate,  Ce(NO«)«  +  6H«0. 

Chlorate,  Oe(010*)«  +  8HK). 

lodate,  Ce(IO*)*  +  2H*0. — White  amorphous  precipitate. 

Sulphate,  Ce«(S07  +  6,  6,  8,  9  and  12H«0. 

Ceroso-potame  Sulphate,  Ce«(S0*)«.2K^0<  +  2HK). 

Ceroso-ammonie  Sulphate,  (V(SO«)*.(NH«)'^0*  +  8H>0.— Flattened  prisms. 

Ceroso-sodic  Sulphate,  Ce'(SO0'.Na>SO«  +  2H'0.— White  crystolline  powder. 

Selenate,  Ce>(SeO*)«  +  6.  9,  and  12H«0. 

Ceroso-potassio  Selenate,  Ce^SeO«)*.6E^O^ 

aroso-ammonio    Selenate,    Ce«(Se07.(NH*)'SeO«  +  OH^'O.— Small,     well-define«l 

pnsms. 
Ceroso-sodio    Selenite,   CeXSeO<)*.Na'SeO^  +  6    (or    4?)   H'0.-~Small    colourless 

crvstals 
SelenUe,  Ce«(SeO«)«  +  3HK). 
Ceroso^drio  Seknite,  CeH(SeO')U  2H'0. 
Dithionate,  Ce*(S*0«)"  +  24H-0.-  Tiurge  hexagonal  crystals. 
Sulphite,  Ce^SO«)»  +  3H*0. 
Carbonate,  Ce=(CO«)»  +  6H«0. 
Ceroso-potassio  CarbanaU,  Ce«(CO»)«.K»CO"  +  aH-O. 
Ceroso'sodic  Carbonate,  Ce«(C0»)«.2Na=C0»+ 2H^0. 
Cerous  Phosphate,  CePO*  +  2H«0. 
Ceroso-hydrio  Pyrophosphate,  CeHP»0'  +  3H»0. 
Formate,  Ce(CO«H)«. 

Acetate,  2Ce((?H"0«)«  +  3H'0.— Small  flexible  needles 
Oxalate,  Ce\CO*y  +  9li»0. 

Xiantlianainf  La"' »  139.  Metallic  lanthanum  has  been  prepared  by  Hillebrand 
a.  Norton,  in  the  same  manner  as  cerium,  viz.  by  electrolytic  reduction  from  the 
chloride.  In  its  general  chemical  behaviour,  it  resembles  cerium;  it  is,  however, 
readily  attacked  by  strong  nitric  acid,  and  quickly  becomes  covered  with  a  steel-blue 
film  even  in  dry  air.  It  is  malleable,  but  not  ductile.  The  sp.  gr.  of  the  electro- 
lytically  deposited  metal  is  6163  ;  after  fusion,  6-049.  Its  melting  point  appears  to 
be  not  far  from  that  of  cerium,  but  its  temperature  of  ignition  both  in  air  and  in 
Dzygen  is  much  higher  than  that  uf  cerium. 
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AtonUo  fTtf^A^.— Marignac  (Jnn.  Ch,  Phys.  [4L  xxx.  67)  by  igniting  Unthuram 
sulphate  till  the  sulphuric  acid  is  oompletclj  expelled,  finds  the  atomic  weight  to  be : 
La  « 92*52 ;  and  by  precipitation  -with  ammonium  oxalate  and  ignition  of  the  pre- 
cipitate. La" » 92*24  and  92*48.  The  most  probable  value  deduced  from  these 
numbers  is  92*5,  or  for  the  triatomic  metal,  La^'a  138*75. 

deve  (Bull.  8oo.  Chim,  [2],  xxi.  196)  has  determined  the  atomic  weight  of 
lanthanum  by  converting  the  oxide  (spectrosoopically  pure)  into  sulphate.  TIm 
maximum  number  thus  obtained  was  189*49;  minimum,  188*95;  mean,  189*15. 
Comparing  this  with  Marignac's  number,  the  true  atomic  weight  of  lanthanum  mtj 
be  taken  at  139. 

Separation  from  Dviyimum, — ^According  to  Cle?e  {loe.  eU,)  the  sepaxation  is  Utt 
effected  by  fractional  precipitation  of  the  mixed  nitrates  with  ammonia.  The  pre- 
cipitate consists  chiefly  of  basic  didymium  nitrate,  and  by  repeated  fractionatioa,  a 
solution  of  pure  lanthanum  nitrate  is  obtained,  which  may  be  precipitated  b^^  onlie 
add.  The  following  methods  are  given  by  Frerichs  (Bmt,  Chan,  Cfes,  Ber.  vii.  798). 
1.  The  oxides  of  the  two  metals  are  ignited  in  chlorine  gas,  whereby  they  are  eon- 
verted  into  the  ox^chlorides,  LaOCl  and  DiOGI.  The  oxychloride  of  lanthanum  ii 
not  altered  bv  boiling  with  water,  whereas  that  of  didymium  is  resolved  thereby  mto 
chloride  and  hydroxide : 

3DiOa  +   3H«0  =  DiCl»  +  2Di(0H)«. 

Moreover,  didymium  chloride  and  lanthanum  oxychloride  act  on  one  another,  as 
shown  l>y  the  equation : 

3LaOCl   +   2Di01»  +   SH^O  -  SLaQ*  +   2Di(0H)«. 

If,  therefore,  the  proportion  of  lanthanum  in  the  original  mixture  of  the  oxides  was 
such  that  3  atoms  of  lanthanum  can  enter  into  the  reaction  with  evexy  6  atoms  of 
didymium  (or  iLa  to  2Di),  the  mixture,  after  several  days'  digestion  will  eootam 
nothing  but  lanthanum  chloride,  and  the  precipitate  will  consist  of  didymium  hydroxide 
and  lanthanum  oxychloride ;  but  if  a  larger  proportion  of  didymium  is  present,  the 
product  will  oontam  didymium  chloride,  and  must  be  again  treated  in  the  same  way. 

2.  If  the  amount  of  lanthanum  in  the  mixed  oxides  is  known,  the  oxides  may  be 
dissolved  in  nitric  acid,  and  exactly  enough  sulphuric  acid  added  to  convert  the 
lanthanum  nitrate  into  sulphate.  The  solution  is  then  evaporated  to  diyness,  and 
the  salts  heated  to  low  redness  to  decompose  the  didymium  nitrate.  The  lanthanum 
sulphate  is  then  extracted  with  water,  leaving  didymium  oxide  undissolved. 
If  a  slight  excess  of  sulphuric  acid  be  added,  so  that  a  portion  of  the  didjrmiam 
nitrate  is  also  converted  into  sulj^ate,  the  insoluble  residue  will  cansist  of  pars 
didymium  oxide. 

CoxFouMDs  OF  LAjfTOAinTX. — ^Tho  following  have  been  prepared  and  analysed  hj 
Gleve  {loc,  cii,) 

Oxide,  1a*G*. — This  is  the  only  known  oxide  of  lanthanum.  After  ignitioii  at  a 
white  heat  it  has  a  sp.  gr.  of  6*53  at  17°*  Moistened  with  warm  water  it  evolves 
considerable  heat,  and  the  hydrate,  dried  at  100^,  has  the  formula  LaH'O*. 

Chloride  of  Lanthanum  {hydraied),  LaCl'+7H'0. — Oolourless  prisms,  very  sohibfe 
in  water  and  alcohol.  Hermann  assigns  only  6HH)  to  tliis  salt.  Ths  hromde 
resembles  the  chloride. 

Oxyohkridef  LaOCl,  prepared  by  heating  the  oxide  to  200^  in  chlorine  gas,  b  a 
grey  mass  scarcely  attacked  by  water  (Frerichs). 

PkUinoohhride,  LaGl'.PtCl«  +  13H'0.— Large,  square  plates,  very  soluble.  It 
loses  6RK)  over  sulphuric  acid,  and  9H>0  at  100^-1  lO*". 

Aurochioride,  LaCl'.AuCl*  +  10H<0.— Loses  4HK)  over  sulphuric  acid. 

AurobronUdet  LaBr'.AuBr'  +  9IP0  (possibly  lOHK)). — Permanent  over  sulphuric 
acid. 

Fluoride,  2LaFl"  +  HK)  (?).— Gelatinous  precipitate  produced  by  the  addition  of 
hydrofluoric  acid  to  the  acetate. 

Ferrocyantde  of  Lanthanum  and  Potassiumf  La'^KFeCy' +  4H*0. — ^A  yeUovish 
white  precipitate,  formed  on  adding  ferrocyanide  of  potassium  to  acetate  of  lanthanum. 
It  loses  H^  at  100^. 

Platinoeyanide,  2LaCy*.dPtCy'+ 18HK). — ^Forms  greenish-yellow  prisms;  loses 
13HK)  over  sulphuric  acid,  and  UH'O  at  100°-110®. 

Thiocyanaie,  La(ONS)'  *  7H*0. — Obtained  by  dissolving  the  oxide  in  thioeyanie 
acid.  It  forms  deliquescent  needles,  which  lose  3HK)  over  sulphuric  acid  ;  givee  with 
mercuric  cyanide  the  compound  La(ONS/.3lIg(ON)^.12H'0,  which  separates  in  vhits 
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aeales.  It  is  verj  soluble  in  hot  water,  onlj  sligliUy  so  in  cold  water^  loses  6H'0 
oyer  sulphuric  acid,  and  all  its  water  at  110°. 

^i^ra/e,La(N0»)'+6HK).— Large  tabular  crystals,  losing  2iH?0  over  sulphuric 
add. 

Chlorate. — Colourless  needles,  very  deliquescent.  Its  solution  is  decomposed  by 
eTaporation  in  a  vacuum. 

PerehloraUf  La(C10^)'+  ISH'O. — Colourless,  deliquescent  needles. 

lodaU,  La(IC>^' •«- SB'O.^Voluminoua  white  precipitate,  devoid  of  crystalline 
appearance,  obtained  on  adding  iodic  acid  to  a  lanthanum  salt. 

Periodate,  LaIO*  +  2HK). — Periodic  acid  does  not  precipitate  the  nitrate,  but  with 
tke  acetate  it  gives  a  bulky  white  precipitate,  which  shrinks  on  gently  warming. 

FomuUe,  (CO*H)'La. — ^White  ciystalline  powder,  which  requires  421  parts  of  cold 
water  for  solution.  The  formates  of  cerium  and  didymium  have  a  similar  slight 
solubility,  while  those  of  yttrium  and  erbium  are  very  soluble. 

Acetate,  2(C^'0<)*La+3HH).— Crystallises  in  small  needles,  which  lose  IHH)  at 
100^-1 10^ 

SeUnate,  LaXSeO^)'  +  GH^O,  when  crystallised  from  a  warm  solution,  and  with 
lOHK)  by  spontaneous  evaporation. 

Lantkano-potassic  Sulphate,  precipitated  on  mixing  solutions  of  the  two  sulphates, 
is  completely  insoluble  in  a  concentrated  solution  of  potassium  sulphate. 

Lanihano-potaseic  SeUnate,  (SeO*)'La*.SeO*E*+9H?0,  obtained  by  evaporating  a 
mixture  of  the  two  selenates,  does  not  give  off  water  in  dry  air. 

Lanihanammonic  Sulphate,  (SO«)'La*.SOXNH«)*  +  8H*0.~Flattened  striated 
prisms,  very  soluble,  permanent  in  the  air. 

Lanihanammonic  Selenate,  (SeO«)*La*.SeO«(NH0'  +  8H*0.~Flattened  prisms, 
giving  off  7HK)  over  sulphuric  acid,  and  8H'0  at  100^. 

Lanihano'sodio  Sulphate,  (SO^)*La*.SO^Na*  •«•  3HK).— White  amorphous  powder, 
slightly  soluble. 

Lanthano-aodio  Selenate,  (SeO0'La*.SeO«Na*-f  4H<0.~White  crystalline  crusts, 
moderately  soluble.    It  loses  nothing  in  a  vacuum  over  sulphuric  acid. 

Sulphite  of  Lanthanum,  (SO*)'La'-f  4HK). — ^Hydrate  of  lanthanum  dissolves  in  a 
solution  of  sulphurous  acid.  The  above  salt  separates  on  heating,  as  a  bulky  white 
powder. 

Acid  Selenite,  (SeO'/La'.SiSeO'  +  6HK). — Separates  from  a  mixture  of  lanthanum 
chloride  with  selenious  acid  on  addition  of  alcohol.    It  loses  3HK)  at  100^. 

DUkionate,  (SH)*)'La* -i- 24H^O. — ^Prepared  by  double  decomposition  between 
barium  dithionate  and  lanthanum  sulphate.  It  forms  hexagonal  crystals,  is  very 
soluble,  and  loses  23£PO  over  sulphuric  acid. 

Carbonate. — The  rare  mineral  lanthanite  has  the  formula  (CO')'La*  +  8HK). — ^The 
salt  obtained  by  precipitating  a  lanthanum  salt  with  an  alkaline  carbonate  has 
the  same  composition.  By  passing  carbonic  acid  through  water  holding  lanthanum 
hydrate  in  suspension,  a  carbonate  is  obtained  in  smsdl  scales  with  greasy  lustre, 
which  when  dried  in  a  vacuum  has  the  composition  (CO*)'La*  •¥  SH'O. 

Fluo-carhonate. — The  mineral  harmatite  found  at  Bastnas  (Sweden)  has,  according 

(Fl 
to  Nordenskiold,  the  composition  La(Ce)  j  QtriQ*    Unlike  didymium,  lanthanum  does 

not  appear  to  form  double  carbonates  with  the  alkalis. 

Oxalate,  (OK)*)*La*  +  9H*0. — White  crystalline  powder  completely  insoluble  in 
water,  very  soluble  in  strong  nitric  acid,  slightly  soluble  in  dilute  hydrochloric 

fi^MCCTfkz^,  (C*H*0*)»La»+6H«0.--Czudnowicz  assigned  4JH^0  to  this  salt,  but 
his  analyses  agree  better  with  the  formula  above  given. 

Tartrate,  (C*U*0*yL&'+SR*O.^The  addition  of  Urtaric  acid  to  a  solution  of 
lanthanum  acetate  produces  a  bulky  precipitate,  which  slowly  becomes  granular.  It 
is  soluble  in  acids,  and  the  solutions  are  not  precipitated  by  ammonia. 

Orthophoephate. — Disodic  orthophosphate  and  phosphoric  acid  produce  precipitates 
in  lanthanum  solutions. 

Acid  Pyrophosphate,  P'O'HLa  +  3H'0. — Sodium  pyrophosphate  gives  with  solution 
of  lanthanum  chloride  a  precipitate  soluble  in  excess  of  the  lanthanum  salt.  This 
Bfilution  deposits  after  some  days  small  crystalline  grains  of  tho  above  composition. 
It  loses  2H«0  at  100^. 

On  reviewing  the  composition  of  those  salts,  it  will  be  seen  that  tlie  platino- 
dilorido,  uurochlorido,  aurobromide,  potafwio-foirocyanide^  pyrophosphate,  aod  luiv- 
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matite  afford  the  strongest  evidence  in  favour  of  the  triatomicity  of  lanthairam.  The 
formulffi  of  the  double  sulphates  and  selonatcs,  the  quantity  of  water  in  theeryrtaUiB^ 
palts,  and  the  proportion  of  it  given  off  under  various  circnmatancas,  likewiw  ill 
agree  best  with  this  view. 

Didyminm,  Di'^^  146.  Gleve  (Bull.  Soe.  Chim,  [2],  xxi.  246)  haa  drterniacd 
the  atomic  weight  of  this  metal  in  the  same  manner  as  that  of  lanthanum.  A  pon 
basic  nitrate  obtained  by  fractional  precipitation  with  ammonia,  wna  conTerted  into 
the  formate,  which  on  calcination  left  the  pure  sesquioxide  Di*0'.  The  oonfenkm  of 
this  oxide  into  the  sulphate  gave,  as  a  mean  of  six  determinationi,  Di*  147*01 
(extremes  147*23  and  146*65),  Marignac  found  143*6  to  144. 

Metallic  didymium  has  a  greater  resemblance  to  lanthanum  than  to  cerium.  It 
resembles  lanthanum  in  its  chemical  relations,  and  is  also  about  equal  to  it  in  loitre, 
ductility,  and  susceptibility  of  polishing.  Its  colour  is  white  with  a  tinge  of  yellor, 
but  much  less  marked  tlum  in  bismuth :  it  tarnishes  in  dry  air,  and  when  exposed  to 
moist  air  acquires  a  yellowish  coating.  After  fusion  it  has  a  sp.  gr.  of  6*644,  and  it 
but  little  inferior  in  hardness  to  cerium.  Fine  particles  thrown  off  in  scrapiqg  or 
scratching  it  do  not  take  fire  spontaneously,  but  bum  with  great  brilliancy  when 
thrown  into  a  flame.  Light  reflected  from  polished  surfaces  of  the  metal  does  not 
exhibit  the  absorption-lx^nds  which  are  seen  in  the  spectrum  of  the  incandeseeBt 
oxide. 

The  following  didymium  compounds  have  been  examined  by  deve : 

Oxide  qf  Didymium,  Bi'O*,  is  obtained  in  hard  fragments  of  a  dirty  bluish  eoloiir 
and  with  a  sp.  gr.  of  6*852,  by  igniting  the  hydrate  at  a  white  heat.  The  peroxidt 
obtained  by  calcining  the  ox^iate  becomes  bluish  when  ignited  in  hydrogen. 

Chlandet  DiCl*  +  6HK). — Unalterable  in  dry  air.  Marignac  found  the  same  eom- 
position,  but  Zschiesche  assigns  more  water  to  this  salt. 

Bromide,  BiBr" -i-  6HK). — Crystallises  in  large  prisms  of  a  deep  violet  colour.  It 
is  not  altered  by  exposure  to  dry  air. 

Platinochloride,  I>iCl*.PtCl*+  llHK). — Ciystallises  over  sulphuric  acid  in  orange- 
coloured  prisms,  which  are  not  isomoiphous  with  the  platinochlorides  of  lanthanum 
and  cerium.  Marignac  has  described  a  platinochloride  having  the  fomnula 
4Di''C1^3PtGl^  +  36H^O,  isomorphous  with  those  of  lanthanum  and  ceriuuL  The  two 
are  evidently  distinct  compounds. 

Aurochhrides. — (a.)  BiCl'.AuCl*  +  lOH^O. — Large  orange-coloured  plates,  very 
soluble.    It  loses  3HK)  over  sulphuric  add. 

(b.)  2DiGl'.3AuGl'  +  20(?)H'O.  Obtuned  on  one  occasion  of  a  deeper  colour  than 
the  preceding. 

^i«roirt>m«fe,  DiBr*.AuBr*  +  9(?lO)H-0. — Large  crystals  of  a  deep-brown  col(?ur, 
very  soluble  ;  loses  4HK)  over  sulphuric  acid. 

Biuoride,  ■DiFl«  +  H»0(?).— Gelatinous  precipitate. 

PUUinocyamdc,  2Di(CX)«.3Pt(CN)«+  18HK).— Fine  prisms,  of  adirty  vellow  coloTir, 
with  bluish  reflex ;  loses  14H'0  on  exposure  to  air,  becoming  first  red,  then  yellow  or 
white  ;  parts  with  the  same  quantity  of  water  at  100^. 

Didymio-potaseic  Ferrocyanide,  ji  >  FeCy*  +  4fl'0(?). — White  precipitate  formed 

on  adding  potassium  ferrocyanide  to  a  didymium  salt. 

Thiocyanaie  of  Didymium,  Di(CS?^)' +  6H'0. — Deliquescent  needles,  very  soluble. 
It  loses  2H.'0  over  sulphuric  acid.  With  mercuric  oyaiiide  it  forms  the  oomponnJ 
Di(CSN)«.8Hg(CN)«+12H*0,  which  crystallises  in  pale  rose-coloured  needles,  tot 
soluble  in  hot  water,  but  only  slightly  so  in  cold.  It  loses  7H'0  over  sulphuric  acid 
and  lOH'O  at  100^. 

Nitrate,  Di(NO*)»  +  eH^O.— Largo  violet  crystals. 

Perchlorate,  Di(G10*)'  +  9H=^0. — Red  needles,  very  deliquescent. 

lodate,  Di(IO')*  +  2H*0. — Non-crystalline,  white  precipitate,  obtained  by  adding 
iodic  acid  to  a  didymium  salt. 

Periodate,  DiI0*+4H=0. — Periodic  acid  gives  no  precipitate  with  didyminm 
nitrate,  but  on  adding  a  little  ammonia,  there  is  obtained  a  bulky  precipitate,  uriiich 
soon  clianges  to  a  reddish  crystalline  powder. 

Formate,  Di(CO-H)'. — Red  crystiillino  powder,  obtained  by  treating  didymium 
hydrate  with  formic  acid  or  by  precipitJitiug  a  didymium  salt  with  ammonium  formate; 
dissolves  in  221  parts  of  cold  water. 

Atriate,  Di(C2lI'0-)'  + 8H-0. — Liomorphous  with  the  acetates  of  erbium  nnd 
yttrium. 
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SeleiuUeSf  (a)  Bi^SeO^+dH^. — ^Fine  red  needles,  obtained  by  evaporating  on 
the  'vater-bath  a  solution  of  didyminm  oxide  in  selenic  acid,  (b)  Di^SeO^)' +  8HH). 
Large  crystals,  very  soluble,  isomorphous  with  the  sulphate,  obtained  b^  evaporation 
at  60°.  (e).  Evaporation  at  the  ordinary  temperature  gives  needles  which  appetur  to 
eontam  10H>O. 

JHdymkhpotassic  Sulphates,  (a)  Di*(S0^.3E^0\ — A  red  crystalline  powder,  which 
separates  on  mixing  the  cold  saturated  solutions  of  the  two  sulphates.  It  is  absolutely 
insoluble  in  a  cold  saturated  solution  of  potassium  sulphate,  out  dissolves  to  a  small 
extent  on  boiling  (100  c.c.  contain  55  mgr.  Di'O^  It  dissolves  in  about  88  parts  of 
pure  water  at  18^.  (6).  The  mixture  of  boiling  solutions  of  the  sulphates  gives  a 
nit  whose  formula  appears  to  be  I)i'(SO^)' +  4E%0^ 

Didymio-potauio  SOenates,  'Di\8eO*y.K^aeO*+  9H>0.— Obtained  in  small  crystals 
by  apontaneous  evaporation.    Permanent  in  the  air;  loses  6HK)  at  100^. 

Dufytmo-ammomo  Sutphaie,  I>i«(SO*)».(NH*)^0«  +  8H«0.— Loses  6H«0  at  100^. 

DidumuMmimmio  SelencUe,  Di«(8eO<)».(NH«)«SeO*  +  6HK).— Flattened  prisms, 
reiy  sduble. 

Didyfrnosodie  Sulphate,  Di*(SOy.Na'SO«  +  2H*0.— Red  powder,  of  slight  solubility. 

JHd^uhsocUo  Sdenate,  I)iXSeO«)'.Na'SeO« -i-  4HK).— Resembles  the  last  salt,  but 
18  much  more  soluble. 

Sulphite  qfDidymium,  Di^SO*)' +  3HK). — A  nearly  white  crystalline  powder  pre- 
aipitated  on  heatixig  the  z«ddish  sclution  of  the  hydrate  in  sulphurous  acia. 

SeUmU^  IM'(SeC)*)'.SeO'+  4H'0. — Separates  from  a  mixture  of  didymium  nitrate 
with  selenious  add  on  addition  of  alcohoL    It  loses  2W0  at  100°. 

2>»<^fMMito,  Di*(S'0*)"-i>24HK).— Hexaffonal  cry<t«i!s  very  soluble,  of  a  fine  red 
colour.    It  loses  20HK)  over  sulphuric  acid. 

CarhotuUet  DiXCO*)*  +  H^O. — Red  crystalline  powder  obtained  by  passing  carbonic 
acid  into  water  holding  in  suspension  hydrate  of  didymium. 

DaubU  CarbonateSf — 

Di«(CO»)«.K«CO«  +   6H20(?) 
Di«(CO»)«.(NH0KJO»  +   3H«0 
2Di«(CO«)».8Na«0O»  +   9H«0. 

Obtained  by  adding  a  salt  of  didymium  to  an  excess  of  the  alkaline  carbonate. 

Di^CO")«.2NaH30«  +  8H«0.— Obtained  once  by  digestion  of  didymium  carbonate 
with  an  excess  of  sodium  carbonate  at  a  gentle  heat 

Oxalate  of  Didymium,  Di^G^OO"  +  lOHK).— Crystalline  powder. 

Oxalate  of  Didymium  and  Po^a«*iim,  Di«(OK)*)«.K»OK)^  +  4H«0(?).--0xalate  of 
didymium  dissolves  in  a  boiling  saturated  solution  of  potassium  oxalate ;  on  diluting 
this  solution  the  double  salt  separates  as  a  bulky  precipitate,  speedily  becoming 
aystalline. 

Tartrate  of  Didymium,  DiXC*H*0*)*  +  6H*0. — Tartaric  acid  gives  a  red  granular 
precipitate  with  didymium  acetate.  It  loses  4H'0  at  100^-1  lO'^.  It  is  soluble  in 
ammonia,  and  the  solution  yields  yellow  transparent  masses  like  gum. 

Pyrophosphate  of  Didymium,  DiXP'O*)*  +  6H«0.— Bulky  red  precipitate. 

OSSV88XTS.  This  mineral  was  observed  b^  N.  v.  Kokscharow  to  form  twu 
kinds  of  twin-crystals,  namely,  the  ordinary  form  m  which  the  combination-face  is 
parallel  to  ooP,  and  another  in  which  it  is  parallel  to  ooP3.  Crystals  of  the  latter 
kind  were  found  in  the  Solotusohinsk  mine  in  the  Altai  mountains,  and  SchrMut 
{Jahrb.f  Min.  1874,  805)  has  found  that  crystals  formed  according  to  the  sainn  Imw 
occur  at.  two  other  localities,  namely,  Rezbanya  in  Hungary,  and  Leadhills  in  Scot- 
land. Those  from  the  last-named  locality  show  distinctly,  by  their  mode  of  develop- 
ment, that  cerussite  twins  having  their  face  of  combination  parallel  to  00^3  are 
hem  i  tropic 

CBA&K08Z9B&ZT8.  A  mineral  first  described  by  XJllmann  as  occurring  in 
the  form  of  a  thin  crystalline  coating,  investing  the  green  iron  ore  (dufreynite)  of  the 
Hollerter  Zug,  Sayn,  "Westphalia,  and  more  recently  by  Maskeljne  (Chem.  Soc,  J. 
1875,  08C),  as  associated  with  audrewsite  (p.  84),  sometimes  standing  out  from  the 
globules  of  the  latter  in  bright  green  crystals,  sometimes  encrusting  the  andrewsite 
with  a  thin  surface-layer.  The  crystals  are  triclinic,  the  ratio  of  the  three  axes 
being: 

a:h:o  =  1  :  0-7007  :  ogo478 

and  their  angles  of  inclination  : 

ab  -   107°  41';  ac  -   02^.30';  bo  =   93^30'. 
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Sp.  gr.  »  3*108  approximately.  Hardness  «  4*0.  Streak  light  siftkin-greeB.  Ai 
analysis  by  Flight  gaye : 

Po«0»  A1"0»  CuO  P»0»  Afl»0»  H"0  UO* 

42*81         4*46         815         29*93         0*61         15*00      trace  -   100*95 

Trhich  may  be  represented  by  the  formula  2Fe«P*0«.Fe«H«0«.CnH*0*  +  4H'0.  Of  th« 
water  only  0*458  goes  off  at  100^,  and  0*131  at  120^-130^  the  rest  being  expslkd 
only  at  a  high  temperature. 

CnaMZOAX  AOTZOV.  The  second  j^  of  Brodie's  '  Calcnlus  of  Clu^iieid 
Operations/  entitled  'On  the  Analyses  of  Chemical  Eyents/  is  published  in  the 
Philosophical  TraHBociiona  for  1877,  yol.  clxyii.  pp.  36-116;  abstr.  Proc,  Bog.  Sue, 
zxy.  83. 

E.  J.  Mills  has  published  Considerations  on  the  First  Principles  of  ChemUtty,  ia 
which  Motion  is  regarded  as  the  groundwork  of  chemical  action  (Phih  Mag*  [5],  I 
1-16). 

A  theory  of  Chemical  Affinity,  with  special  reference  to  the  eonstitutioii  of  XoSe- 
cular  Compounds,  and  the  number  of  possible  Isomeric  modifications  of  componiids, 
has  been  proposed  by  H.  Kommrath  {fipiJt,  Chem,  Ges,  Ber.  ix.  1392 ;  x.  742). 

Velooitj  of  Obemloal  Aotlon#  ■  Obseryations  on  the  time  occupied  in  tht 
double  decomposition  of  salts  haye  been  anade  by  J.  H.  Qladstone  (Chem,  Newt,  xzxl 
266).  Ferric  chloride  and  potassium  thiocyanate  react  instantaneously  ;  between  fenie 
citrate  and  meconic  acid,  and  between  platinic  chloride  and  potassium  chloride,  tbe 
reaction  is  gradual.  The  progress  of  the  reaction  depends  upon  the  npiditj  of 
interdifihsion  of  the  salts,  and  is  preatly  influenced  by  temperature.  The  fbllowiag 
numbers  exhibit  the  rate  of  precipitation  of  strontium  sulphate  by  addition  of  ealeivm 
sulphate  to  a  solution  of  strontium  nitrate : 


After    4  minutes 
20 
60 
110 
270 
1270 
Total  precipitation  possible . 
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II 


II 


If 
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Turbiditiy 
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0*303 

0-407 

0-659 
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t* 


II 


II 
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Marie  F.  Beed  (American  CA^mts^,  y.  358)  has  determined  the  inflneneeof  tem- 
perature on  the  rate  of  the  reaction  between  oxalic  acid  and  potassium  per 
manganate.  The  mode  of  experiment  consisted  in  suddenly  arresting  the  actkui 
by  adding  an  excess  of  potassium  iodide,  and  determining  the  amount  of  tne  iodine 
by  means  of  sodium  thiosulphate,  whence  the  quantity  of  unreduced  permannnate 
could  be  calculated.  In  the  first  fiye  experiments  the  solutions  of  oxalic  add  and 
permanganate  used  were  deci normal,  and  the  quantities  taken  were  25  cc  permanga- 
nate, 50  C.C.  oxalic  acid,  and  2*5  cc.  sulphuric  acid  of  sp.  gr.  1*8.  In  experiments  6, 
7  and  8,  the  solution  contained  per  litre,  32*4  grams  of  oxalic  acid,  17*6  of  anlphurie 
acid,  5  of  manganous  sulphate,  and  0*375  of  permanganate,  and  the  quantity  taken  of 
each  was  25  cc. 

Amount  per  cent,  of  Reaction  at  different  Temperatures, 


Tempe- 

1 

3 

3 

4 

5 

6 

7 

8 

rature 

^min. 

imin. 

1  mln. 

2inin. 

4  mln. 

8  mln. 

3  mln. 

4tBlB. 

5<» 

^_^ 

_^_ 

^^ 

3 

4 

4 

10 

-- . 

— 

— 

3*5 

4*6 

5 

15 

3 

6 

9 

5 

8 
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20 

3-5 

6-5 

11*5 

8*7 

15-5 

19 

25 

— 

3*8 

8 

13-5 

17 

33 

40 

30 

— 

4*9 

10 

18*5 

36 

58 

65-5 

35 

25 

7 

16-5 

42 

62-5 

78*5 

84-5 

40 

2*5 

7*6 

16-5 

35 

97*5 

84*6 

93 

97*5 

45 

4*5 

14*5 

33*5 

90*5 
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97*5 

— 

50 

10 

25 

70 

— 

— — 

55 

19 

53 

98-5 

— 

— 

— 
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65 

34*5 
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— 

70        97 
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Bate  of  Decomposition  of  Calcium  Carbonate  by  Acids, — From  experi- 
ments byBognski  {l>eut.  Chem.  Ges,  Ber.ix.  1646),  it  appears  that  the  rapidity  of 
eTolntion  of  carbon  dioxide  from  Carrara  marble  by  the  action  of  hydrochloric  acid 
is  directly  proportional  to  the  concentration  of  the  acid ;  and  farther  experiments  by 
Bognski  a.  JEajander  {iHd.  1809)  have  shown  that  the  qnantities  of  CO'  expelled  in  a 
nnit  of  time  &om  the  same  marble  by  the  action  of  nitric,  hydrobiomic,  and  hydro- 
dilorie  acid,  are  inyersely  proportional  to  the  molecular  weights  of  these  acids. 
Experiments  with  acetic  and  formic  acid  did  not  lead  to  any  definite  resnlt,  inasmuch 
aa  these  acids  alter  the  surfiMe  of  the  marble. 

SetsrdatloB  of  Cbemleal  Seaotloiw  by  Xndiffareiit  Sabstanoes.    A 

mixture  of  equal  volumes  of  fuming  hydrochloric  acid  and  glycerin  (a)  acts  on  ultra- 
marine only  after  45  seconds,  and  bleaches  it  in  3  minutes,  while  a  mixture  of  equal 
Tolumes  of  water  and  acid  (b)  begins  to  act  in  10  seconds  and  destroys  the  colour  in 
35  seconds.  Mixture  a  dissolves  zinc  and  iron  much  more  slowly  than  b.  Thus  10 
cc  of  the  latter  dissolved  0'5  gram  of  nails  in  less  than  24  hours,  while  a  left  after 
24  hours  86'2  per  cent,  undissolved,  and  after  14  days  1*3  per  cent,  still  remained. 
The  cause  of  this  is  not  that  ferrous  chloride  is  less  soluble  in  glycerin  than  in  water, 
because  the  salt  readily  dissolves  in  the  former,  and  during  the  experiment  none  sepa- 
rated out.  Mixtures  of  sulphuric  acid  and  glycerin,  or  gum,  show  a  similar  inactivity. 
A  mixture  of  add  and  soot  scarcely  acts  on  metals,  but  on  removing  the  soot  by 
filtration  the  filtrate  acts  like  fresh  acid.  The  retardation  reaches  a  maximum 
when  a  mixture  of  strong  add  and  glycerin  with  5  per  cent,  of  soot  is  used  (G.  Limge, 
Devt,  Chem,  Gee.  Ber,  ix.  1315). 

IlooompoflltloB  of  eortala  Salts  by  Water  (A.  Ditte,  Comfpt,  rend,  Ixxix. 
916,  1254).  Normal  Mercuric  Sulphate,  HgSO«  or  HgCSC,  is  decomposed  by 
water  at  12^,  with  separation  of  basic  sulphate  or  turpeth-mineral,  SHgCSO*,  till  a 
solution  is  formed  containing  67  grams  of  free  sulphuric  acid  in  a  litre,  from  which 
point  the  neutral  sulphate  is  dissolved  without  dieoomposition.  At  higher  temper- 
atures, however,  the  solution  again  attacks  the  neutral  salt  and  acquires  a  yeUow 
colour.    The  result  is  not  altered  by  the  presence  of  another  add. 

Crystals  of  normal  bismuth  nitrate,  2Bi(NO«)».3H«0  or  BiK)«.3N*0»  +  3IP0, 
are  decomposed  by  water,  with  formation  of  a  crystalline  predpitate  having  the  com- 
position Bi'O'.N'O*,  with  1,  2,  3,  or  4  moL  water,  according  to  the  temperature,  until 
a  solution  is  formed  containing  83  grams  of  nitric  anhydbride  in  a  litre,  after  which 
the  normal  nitrate  is  dissolved  without  decomposition.  But  if  an  add  liquid  contain- 
ing Use  than  83  grams  per  litre  be  poured  upon  the  basic  nitrate,  the  latter  dissolves 
as  such,  and  it  is  not  until  the  limiting  quantity  of  &ee  acid  has  been  otherwise 
introduced  into  the  solution,  that  the  sense  of  the  reaction  is  changed,  or  that 
the  solution  becomes  capable  of  dissolving  the  neutral  salt  without  decomposing  it. 

The  quantity  of  free  add  required  increases  with  the  temperature,  so  that  when  a 
solution  of  the  neutral  salt  Is  heated,  a  precipitate  of  basic  nitrate  is  produced. 

The  ciystalline  basic  nitrate,  Bi'O'.NH)*  or  BiO.NO*,  is  in  its  turn  capable  of  being 
decomposed  by  a  large  quantity  of  water,  and  a  still  more  basic  salt  produced,  which 
is  amorphous  and  opaque.  This  secondary  action  is  very  slieht  at  ordinary 
temperatures,  and  does  not  in  nny  way  affect  the  preceding  observations,  but  at  100° 
the  limiting  quantity  of  acid  rc^iuired  to  prevent  decomposition  appears  to  be  about 
4*5  grams  per  litre.  Protracted  washing  of  the  basic  nitrate  finally  leaves  a  salt  of 
fixed  composition,  2[BiO(NO«) '.  Bi»0». 

Antimonious  chloride,  SbCl*,  is  decomposed  by  water,  with  separation  of 
oxychloride,  SbO*Cl,  till  a  solution  is  formed  containing  159  grams  of  HCl  in  a  litre, 
after  which  it  dissolves  without  decomposition.  Antimony  oxychloride  is  decomposed 
by  water,  especisdly  at  100^. 

The  decomposition  of  bismuth  trichloride  by  different  quantities  of  water 
has  been  studied  by  W.  Ostwald  {J,  pr.  Chem,  xii.  264).  A  pure  concentrated  solu- 
tion of  this  compound  in  hydrochloric  acid  was  divided  into  25  parts,  each  of  these 
diluted  with  a  different  quantity  of  water,  and  after  six  weeks*  rest,  the  clear  liquids 
were  analysed.  The  action  watf  found  to  have  taken  place  as  represented  by  the 
equation  Bia*  +  H'0='BiOa  +  2HCl.  For  3  to  12  percent.,  but  not  for  less  than 
3  per  cent,  of  bismuth,  the  following  law  holds  good :  When  a  hydrochloric  solution  of 
bismuth  is  partially  decomposed  by  water,  the  water  withdraws  from  the  bismuth 
chloride  a  quantity  of  chlorine  proportional  to  its  own  quantity,  in  the  form  of  hydro- 
chloric add,  and  in  such  a  manner  that  the  formation  of  this  constant  compound  of 
hydrogen  chloride  and  water  is  accompanied  by  the  formation  of  a  compound,  like- 
wise constant,  of  hydrogen  chloride  and  bismuth  chloride ;  the  proportion  of  these 
two  double  compounds  one  to  the  other  may  however  be  very  variable.  Since  now, 
according  to  this  simple  law,  the  action  is  proportional  to  the  mass,  it  follows  that 


when  a  concentrated  solution  of  bismuth  in  nyclrodrochloric  acid  is  mixed,  one  time 


proporuc 
nyctrodn 
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"with  a  small  and  another  timo  with  a  large  quantity  of  water,  the  miztuie  of  th* 
liquids  filtered  after  standing  for  some  time  will  neither  become  turbid  nor  dinotvi 
ozychloride  added  to  it. 

On  the  Decornponium  of  Potassio-calcic  sulphate  by  water ^  see  Ditte  (Cbi^  im^. 
boix.  1254). 

Doable  DeoompositioB  of  Salts  in  Solntton.    From  the  experiBMOti  of 

Joulin  {Aim,  Chim.  Pkye.  [4],  xxx.  248),  it  appears  that  the  reaction  betveta  thi 
carbonates  of  the  alkali-metals  and  salts  of  the  heavy  metah^  whether  the  eorraspoad- 
ing  oxides  are  capable  or  not  of  forming  hydrates,  results  in  tiie  formation  of  nijtim 
of  carbonate  and  oxide,  usually  in  indefinite  proportions,  and  at  eyezy  di^gne  of  diln- 
tion  if  the  alkaline  carbonate  is  in  excess,  but  only  up  to  a  certain  degree  of  dihtioB 
if  the  heavy  metallic  salt  is  in  excess.  The  course  of  the  reaction  is  retotded  bj 
dilution,  and  by  an  excess  of  cither  of  the  salts.  A  secondary  action  takai  pUnak 
the  same  time,  consisting  in  a  decomposition  of  the  metallic  carbonate  bj  the  still  vh 
decomposed  alkaline  carbonate.  Neutral  manganous  phosphate  remaim  nnaltevi 
under  water  or  under  a  concentrated  solution  of  acid  sodium  phosphate,  but  is  altmd 
to  a  very  slight  extent  under  a  solution  of  neutral  phosphate,  and  is  immodiatsiy  di- 
composed  by  the  basic  phosphate. 

Water  does  not  decompose  the  borates  of  the  alkali-metals,  but  it  earily 
oxidea  from  the  borates  of  the  heavy  metals,  which,  on  the  other  hand,  ai 
altered  by  concentrated  solutions  of  neutral  or  acid  sodium  borate.  Hence  the 
tion  between  alkaline  borates  and  metallic  salta,  in  reiy  concentrated  solntioiii,  pro- 
duces a  pure  metallic  borate  if  the  alkaline  borate  is  in  excess,  and  an  oxidB  if  tfct 
metallic  salt  is  in  excess,  this  oxide  resulting  from  the  decomposition  of  the  metallie 
salt  by  water. 

The  action  of  tUkaltne  silicates  on  metallic  salts  is  similar  to  that  of  the  bonta. 
In  the  action  of  neutral  sodium  acetate  on  manganous  sulphate,  the  pcodnetkm  of 
oxide  is  due  to  the  formation  of  sodium  diacetate. 

On  the  Reaction  between  Alkaline  Carbonates  and  Earthy  Oxalates,  and  befevMi 
Alkaline  Oxalates  and  Earthy  Carbonates,  see  Watson  Smith  (p.  410  of  this  Tolvme). 

On  the  Decomposition  of  Solutions  qf  Potash-alum  at  100°,  whiek  takes  jpbet  m  a 
secondary  result  of  the  Dehydration  of  Crystallised  Alum  by  Heat,  see  xCiin 
(p.  66). 

On  the  Decomposition  of  Ammonium  salts  in  Aqueous  Solution  alome,  and 
mixed  with  other  salts,  as  the  Chlorides  or  Nitrates  ofFotassiumt  Sodium^  and 
see  Dibbits  (p.  75). 

diemloAl  Bqnillbriimi  between    BydroffeB    and   Oaeeone 

The  conditions  of  chemical  equilibrium  between  these  elements  haye  been  inYiwrigrfid 
by  G.  Lemoine  {Ann,  Chim,  Phyt.  [5],  xii.  146-253),  with  the  view  of  determraiiig 
the  manner  in  which  chemica}  combination  in  gaseous  systems  is  afiected  by  bctt, 
by  pressure,  by  the  action  of  masses,  by  porous  bodies,  and  by  light.  The  eomliB*- 
tion  of  hydrogen  and  iodine-vapour  is  especially  adapted  for  the  stndj  of  theae  ph^ 
nomena,  as  it  exhibits  them  in  their  greatest  degree  of  simplicity,  the  two  ekniPBti 
being  monatomic,  and  combining  together  in  the  gaseous  state,  and  the  combinatioD  not 
being  attended  with  any  very  energetic  thermal  phenomena.  The  general  renlt  of 
the  investigation  is  to  show  that  the  resolution  of  hydriodic  acid  into  its  elfiiwti 
takes  place  at  the  same  temperature  as  the  combimition  of  hydrogen  with  ganoos 
iodine,  but  that,  in  a  limited  space,  neither  of  these  reactions  is  ever  complete,  sad 
that  they  balance  one  another  in  such  a  manii(:r  that  the  same  chemical  eqnilibrimit 
ultimately  attained  wliatover  may  be  the  point  of  departure ;  in  other  words,  thatths 
phenomenon  is  one  of  dissociation. 

b\flue)ice  of  Heat  and  of  Prtssurc-  The  rapidity  of  the  action  varies  with  tenpe* 
ralure  and  pressure  between  very  >*id«  limits,  especially  with  differences  of  tempen- 
ture.  At  440°  equilibrium  is  nearly  attained  in  an  hour ;  at  350°  it  is  not  eonpleto 
fur  several  days  ;  and  at  265°  the  time  required  for  its  attainment  must  be  rockowd 
by  months.  The  decomposition  of  hydriodic  acid  at  this  last  temperature  is  perii^ 
the  slowest  that  has  been  observed  in  mineral  chemistry,  and  this  result  is  doDbChM 
to  be  attributed  to  the  small  intensity  of  the  heat-effect  produced  bj  the  uniao  of 
hydrogen  and  gaseous  iodine. 

The  accolemtion  of  chemical  action  by  heat  is  well  known  as  a  genenl  ftct 
Etherification,  for  example,  takes  years  to  cx>mpleto  at  ortliuary  temperatures,  wbsnai 
it  t^ikos  place  very  quickly  at  200°  ;  and  the  allotrupic  modification  of  phosphoniiii 
produced  more  rapidly  as  the  temperature  is  higher. 

The  rapidity  of  the  combination  is  likewise  affected  by  pressure,  a  state  of  eqsili- 
brium  being  much  more  quickly  attained  when  the  gnses  are  under  strong  prMnxs, 
that  is  to  say,  when  their  molecules  are  brought  within  very  short  distances  of  eaeh 
Otlrnr ;  in  rarefied  gaseous  ^yBUuis  on V\i^  cqyAicwt^A^^  «^v\ieCc^\ftVv\st<«n.t. q£  ec^uIiUrina 
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18  much  slower,  since  the  molecules  of  the  two  gases,  being  very  far  remoyed  firom 
one  another,  have  much  fewer  chances  of  meeting  so  as  to  produce  combination. 

The  magnitude  of  the  limit  of  combination  of  hydrogen  and  iodine-vapour  is  con- 
siderably affected  hj  temperature,  but  not  much  by  pressure.  The  higher  the  tempe- 
rature, ihe  greater  is  the  proportion  of  hydriodic  acid  decomposed*  This  result  is  in 
accordance  with  those  obtained  in  most  cases  of  dissociation,  as  in  that  of  amylene 
hydiobromide  (Wurtz,  Compt.  rend.  Ix.  720) ;  of  phosphorus  pentachloride  (Cahours, 
ditL  xzi.  625  ;  bdii.  144 ;  Wanklyn  a.  Bobinson,  t6u/.  lyi.  195,  322  ;  H.  Deville,  ibid. 
bdi.  1157);  and  of  the  compound  which  Friedel  obtained  in  endeavouring  to  combine 
hydrochloric  add  with  methyl  oxide  {BuU.  9oo.  Chim,  [2],  xix.  451). 

The  variations  in  the  limit  produced  by  pressure  are  very  small,  though  at  a  tem- 
perature of  440®  they  are  perceptible.  Under  strong  pressure  the  combination  of 
iodine  and  hvdrogen  is  somewhat  more  complete  than  wnen  the  gases  are  very  mucji 
dilnted ;  ana  the  same  is  found  to  be  the  case  in  the  combination  of  hydrochloric  acid 
,aiid  methyl  oxide  studied  by  Friedel.  In  the  etherification  of  gaseous  bodies  also, 
the  proportion  of  acid  etherified  is  greater  under  high  than  under  low  pressures 
(Berthelot,  Ann,  Ch,  Phyt.  [3],  Ixviii.  239). 

h^fmence  of  Moms, — When  one  of  the  elements  is  in  excess  of  its  equivalent  propor- 
UoD,  it  is  still  found  that  a  definite  state  of  equilibrium  is  arrived  at,  and  more  rapidly 
than  wh«i  the  two  elements  are  in  equivalent  proportions,  and  that  the  whole  of  the 
posnble  hydriodic  acid  is  never  formed,  however  great  the  excess  of  one  of  the 
elements.  As  the  proportion  of  iodine  present  to  the  hydrogen  present  gradually  in- 
creases, the  quantity  of  hydriodic  acid  formed  increases  also  gradually,  without  any 
sudden  chaziges  in  value.  The  effects  of  pressure  are  very  slight,  but  still  in  the 
same  direction  as  before. 

Action  ofForous  Bodies, — These  seem  to  act  only  by  bringing  the  molecules  closer 
tog^tiier,  and  therefore,  as  is  the  case  with  high  pressures,  they  lessen  the  time  of 
attaining  a  state  of  equilibrium,  but  do  not  sensibly  alter  the  proportions  in  that  state. 

Action  of  Oxygen, — Oxygen  decomposes  hydriodic  acid,  either  gaseous  or  in  solu- 
tion, at  ordinary  temperatures,  though  the  action  is  very  slow. 

Action  of  Sunlight, — A  solution  of  hydriodic  acid  is  not  affected  by  sunlight,  nor 
does  a  mixture  of  iodine  and  hydrogen  combine  sensibly  under  its  influence.  On  the 
other  hand,  gaseous  hydriodic  acid  is  decomposed  by  sunlight,  and  since  there  is  no 
inverse  tendency  to  recombine  by  the  action  of  light,  the  decomposition  is  probably 
unlimited.  In  one  case,  by  exposure  of  a  bulb  filled  with  the  vapour  to  full  daylight 
for  a  summer  month,  80  per  cent,  of  the  acid  was  decomposed. 

The  great  power  of  light  to  overthrow  a  molecular  structure,  which  is  destroyed 
bat  Blcemy  and  partially  by  heat,  is  very  remarkable.  The  difference  arises  doubtless 
£rom  the  fact,  that  in  Uie  case  of  light  the  body  is  submitted  exclusively  to  a  decom- 
posing action,  whereas  in  the  case  of  heat  alone  there  are  two  opposing  influences 
acting  simultaneously,  one  tending  to  decompose,  and  the  other  to  reproduce  the  com- 
bination, the  former  of  these  opposite  forces  being  heat,  and  the  latter  chemical 
affinity,  meaning  by  that  term  the  aggregate  of  causes  which  tend  to  effect  the  re- 
combination of  dissimilar  atoms. 

BBntiial  Seplaoement  of  BaloffeB  SlemeBt*.  Bromine  does  not  act 
upon  the  anhydrous  chlorides  of  calcium,  barium,  and  strontium,  at  temperatures 
below  200°,  and  the  quantity  of  chlorine  replaced  by  bromine  depends  chiefly  on  the 
temperature.  From  barium  chloride,  from  6  to  96  per  cent,  chlorine  is  expelled 
between  250*^  and  a  red  heat.  The  time  of  action  and  the  quantity  of  bromine  present 
appear  to  exert  no  great  influence.  When  bromine  acts  on  a  mixture  of  the  three 
chlorides  above  mentioned,  the  quantity  of  chlorine  replaced  is  greater  the  higher  tho 
atomic  weight  of  the  corresponding  metEd  (A.  Potilizin,  Deut,  Chem,  Gee.  Ber.  vii.  733). 

Mercurio  chloride  heated  for  six  hours  in  a  sealed  tube  to  250*^  with  water  and 
iodine  is  for  the  most  part  decomposed ;  mcrcurio  bromide  is  not  attacked  by  iodine 
either  with  or  without  water.  On  auric  and  platinic  chloride,  as  well  as  on  solutions 
of  paHadums  chloride,  iodine  acts  after  some  time  even  at  ordinary  temperatures. 
When  areenioue  chloride  and  iodine,  both  dry,  are  heated  together  in  a  tube  to  100°, 
line  red  crystals  separate  on  cooling,  protNftbly  consisting  of  a  compound  of  arse- 
nious  chloride  with  iodine  chloride.  Antimony  pentacUoride,  heated  with  iodine  to 
100°  in  a  sealed  tube,  yields  black  crystals  containing  chlorine  and  iodine,  together 
with  antimony  (F.  Gramp,  ibid.  1723). 

The  following  table,  constructed  from  tho  experiments  by  G.  Gustavson  (Ann. 
Chim.  Phys.  [5],  ii.  200),  gives  the  mean  values  in  percentages  of  the  double  decom- 
position which  takes  place,  when  the  several  pairs  of  bodies  mentioned  are  heated  to- 
gether in  sealed  tubes  to  150°-200°.  The  numbers  in  brackets  are  not  the  results  of 
direct  experiment,  but  are  calculated  from  the  result  of  the  inverse  reaction  : 
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Mix 

ttm 

». 

Mean  Vnlae  of  Reaction. 

4BCP 

+ 

3CBr* 

1012;  (10-20) 

4BBr« 

+ 

3CC1* 

89-97 

SiCl* 

+ 

CBr* 

12-46 

SiBH 

+ 

CCl* 

.       (87-64) 

TiCa^ 

+ 

CBr* 

43-61 

Mixtnn. 

UeanTtixm  oCB 

TiBr*  + 

cja* 

(66-89) 

4A8a«   + 

SCBr* 

71-78 

4A8Br»  + 

8CC1* 

28-91 

SnCl*  + 

CBt* 

97-62 

SnBr<   + 

CCl* 

22-16 

These  numbers  lead  to  the  following  concloBions :  The  higher  the  atomic  vnght 
of  the  element  (B,  Si,  Ti,  As,  Sn)  united  with  chlorine,  the  more  wiU  the  diluriiM  U 
replaced  by  the  bromine  of  the  carbon  tetrabromide ;  and  the  higher  the  atomic 
weight  of  the  element  united  with  bromine,  the  less  will  that  bromina  be  replaced  Ij 
the  chbrine  of  carbon  tetrachloride. 

Xelattons  of  Affinity  in  tlie  Imperfect  Ocml^iistioB  of  Ottiee  eat 
CkMoone  BUxtorea.  Bunsen,  from  experiments  on  the  amounts  of  hTdrogra 
and  carbon  monoxide,  which  are  burnt  when  mixtures  of  these  gases  are  detonated 
with  quantities  of  oxygen  less  than  sufficient  for  their  complete  oombustion,  was  Ud 
to  conclude  that  the  proportion  by  volume  of  the  products  (water-Tapour  and  carbon 
dioxide)  formed  in  this  imperfect  combustion,  may  always  be  expressed  by  small 
whole  numbers,  and  that,  oonsequently,  while  the  proportion  of  hydrogen  in  tht 
original  mixture  is  increased  continuously,  the  proportion  of  the  products  of  combu- 
tion  alters  by  definite  increments  or  sudden  leaps  (see  Ohbmical  AFvnfirr,  i.  860). 

Similar  experiments  have  since  been  made  by  £.  y.  Meyer  {J,  pr,  C%m.  x.  278; 
xiii.  121 ;  Chem.  8oo.  J,  1876,  ii.  40),  who  regardGs  the  results  as  decidedly  eoDflma- 
tory  of  those  obtained  by  Bunsen.  Horstmann,  on  the  other  hand  (DmU.  Chem,  Gu. 
Ber,  X.  1626),  is  of  opinion  that  Bunsen's  experiments  were  too  few  in  immber  to 
establish  the  conclusion  based  upon  them,  and  that  the  results  of  y.  Mejvi's  expsH- 
ments  are  not  sufficiently  definite  to  have  any  real  bearing  on  the  question,  rnxa 
his  own  experiments  Horstmann  infers  that  the  variation  in  the  proportion  of  water 
to  carbon  dioxide,  formed  under  the  circumstances  above  mentioned,  is  not  inter 
mittent  but  continuous. 

1.   Von  Meyei's  Experiments, 

The  following  tables  contain  the  results  of  a  series  of  experiments  on  theimpeifeet 
combustion  of  mixtures  of  carbon  monoxide  and  hydrogen  with  oxygen  or  nitiqgit 
monoxide,  and  on  the  influence  of  nitrogen  and  of  narrow  tubes  on  the  combustion  of 
mixtures  of  CO  and  H.  The  *  coefficient  of  affinity'  in  the  last  column  expresses  ths 
ratio  between  the  affinities  of  equal  volumes,  and  therefore  also  of  equal  numben  of 
molecules,  of  H  and  CO  for  0,  or  the  proportion  in  which  the  affinity  of  1  voL  CO  fcr 
0  is  surpassed  by  that  of  an  equal  volume  of  hydrogen. 


Nnmber 
of 

100  yd.  mix 
H 

tare  contain 
CO 

Oxjrgen 

employed  for 

100  vol. 

mixture 

0.  reftaedto 
qiuintlty  re- 
quired for 
complete  com- 
bustion ssl 

Burnt  H 
burnt  00 

'I'fffldmiflfl 

experi- 
ment 

AiBnitj 

a 
\    b 

60-0 

1         : 

600 
1 

31-96 
17-76 
19-76 

0-6390 
0-3660 
0-3860 

2:  1 

8:  1 
8: 1 

3-0 
8-0         i 

8-0        1 

ra 
h 

2] 

60-6 
1-024     , 

^7-76 
1-367 

49-4 
1 

42-25 
:       1 

11-80 
1616 

with 

0-2360 
0-3080 
NK) 

8: 1 

8:1 

2: 1 
8: 1 

3: 1 
4: 1 

2-98 
2-98 

1 

c 

id 

32-30 
2018 
with 

0-6460 
0-4036 
N«0 

1-968 
3-98 

219 
2-98 

M? 

30-90 
22-76 

0-6180 
0-4662 

M* 

67-36 
2063 

32-66 
1 

36-90 
20-73 

0-7180 
0-4146 

4:1 
6:  1 

1-94 
2-91 

M? 

67-70 
2096    ; 

32-30 
1 

34*05 
14-35 

0-6810 
0-2870 

9:2 
7:  1 

2-06 
2-84 

6 

' 

76-8 
8-132    : 

24-2 
1 

10-76 

0-2160 

10:  1 

8195 

1 

IMPERFECT  COMBUSTION  OP    GASES. 
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Kumber 

of 

ncperi- 

ment 

100  yd.  mixture  contain 
H                   00 

Oxygen 

employed  for 

100  VOL 

mixture 

0.  referred  to 
quantity  re- 

qoiredfor 
complete  com- 

bastion  ssi 

Burnt  H: 
burnt  00 

Ooeffloientof 
Afflnity 

7 

81-89 
4-622 

18-11 

:      1 

10-85 

0-2170 

14:  1 

8-096 

»{ 

82-26 
4*64 

17-74 

:      1 

10-34 

0-2068 

14:  1 

8018 

10{ 

85-11 
6-718 

87-0 

1 

14-89 

:     I 

630 
:       1-702 

8-94             0-1788 

with  N«0 

1        1 

19: 1 
3:2 

8-325 
2-65 

20-1 

0-402 

11     b 

26-8 
1 

73-2 
2-702 

24-6 

13-85 

12-25 

0-49? 

0-277 
0-245 

3: 1 
1 : 1 
i:  1 

206 
2-75 
2-75 

'Ht 

25-45 

1 

74-66 
2-93 

36-85 
8-56 

0-717 
0-171 

.1:2 
'4:5 

1-47 
2-36 

13   b 

24-15 
1 

76-85 
:       3-141 

39-50 

28-30 

9-60 

0-790 
0-666 
0192 

^2:5 
i:i| 
4:6  ; 

* 

1-26 

1-672 

2-51 

II.  Experiments  on  the  Inflvenoe  of  Nitrogen, 


Nnmber 
_of^ 
experi- 
ment 

100  ToL  mix 
H 

00 

Oxygen 
employed  for 
lOOmlxtore 

Nitrogen 

employed  for 

100  (H+0) 

BomtH: 
burnt  00 

OoefBoIent  of 
Affinity 
[that  of    ; 
00=1]     ' 

"{ft 

6205 
1-086    ; 

47-96 
1 

280 
280 

184-0 

5:2 
5: 1 

2*802 
1*8417 

>Mft 

68-65 
1-419    : 

41*85 
1 

18-85 
18-36 

114-95 

9:2 
3:  1 

8*17 
2-114 

"{J 

6710 
2-04 

32-90 
1 

18-75 
18-75 

106-7 

7:1 
9:2 

8*431 
2-206 

»M» 

67-70 
2-096    ; 

32-30 
1 

21 -Sd 
21-20 

79-8 

7:1 
6: 1 

8-840 
2-868 

III.  Experiments  on  the  Influence  of  Narrow  Tribes. 


Hmnberof 
eocperiment 

100  Tol.  mix 
H 

tore  contain 
00 

Oxygen 
employed  for 
100  mixture 

Nitrogen 

emplOTed  for 

100  (H-f  0) 

Burnt  H: 
burnt  00 

Ooefflolent 
of  AiBnity 

"{* 

64-0 
1-777 

36-6 
1 

1606 

21-0 
12-5 

6:1 

13  :2 

8-428 
3-714 

-Qjaandft 
^^Icandrf 

66-67 
1-303 

43-43 
:       1 

19-73 

20  and  21 
6-5 

10:3 

4: 1 

2-568 
8-070 

20t?andc 

44-65 

1 

66  35 
1-24 

16-27 

20-0 
55 

9:  4 
9  :4 

2-79 
2-79 

A|  f  a  and  b 

39-48 
1 

1     60-62 
;        1-553 

18-95 

200 
90 

8:6 
2:1 

2-462 
3066 
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In  all  cases  the  results  of  these  experiments  are  in  aooordanoe  with  the  law  Uij 
down  by  Hansen  (i.  860)  that  the  burnt  portions  of  a  gaseous  mixture  are  to  oat 
another  in  atomic,  or  rather  in  molecular  proportion.  The  same  law  holds  eood 
when  nitrous  oxide  is  used  instead  of  oxygen,  as  well  as  under  cireamstaoees  mdi 
exert  a  modifying  influence  on  the  affinities  of  hydrogen  and  carbonie  oxides  nmrU 
when  the  gaseous  mixture  is  diluted  with  nitrogen,  and  when  it  is  burned  in  nanev 
tubes.  It  must  be  observed,  however,  that  besides  the  simpler  ratioe  1:1,  1:2, 
1:3,  1:4,  &c.  more  complex  ratios  likewise  occur,  such  as  6  :  2,  0  :  2,  6  :  4, 5  : 8, 
10  :  3,  &c. 

In  the  combustion  of  constant  mixtures  of  carbonic  oxide  and  hydrocen  vith 
varying  quantities  of  oxygen  (in  wide  eudiometers^  the  coefBdents  of  aiBnitj  ettaia 
their  maximum  when  the  quantily  of  oxygen  used  is  as  small  as  poeeible,  ao  that  the 
mixture  approaches  to  the  limit  of  inflammability.  For  gaseous  mizturee  in  vhkh 
the  volume  of  hydrogen  is  equal  to  or  greater  than  thatof  the  carbonic  oxide  (H :  CX) 
varying  between  1  :  1  and  5*718  to  1)  the  maximum  values  of  the  ooeAoenta  of 
afllnity  vary  between  2*98  and  3*43,  the  mean  of  all  the  determinations  being  l*)4. 
In  mixtures  containing  more  carbonic  oxide  than  hydrogen,  the  maximnm  valvM  frU 
below  3;  the  extreme  limits  are  2*75  and  2*36;  the  mean  of  the  ezperiniMitB 
10  to  13  is  2*64. 

On  account  of  the  discontinuous  alteration  of  the  burning  gases,  it  ie  imponUa 
to  obtain  absolutely  constant  values  of  the  coefficients  of  ammtj :  the  relative  eoe- 
stancy  of  these  coefficients  is  therefore  remarkable.  Experiments  1  to  18  show  that, 
with  increase  of  hydrogen,  the  ratio  of  the  affinities  of  H  and  GO  remains  the  sue, 
whereas  with  increase  of  carbonic  oxide,  a  decided  strengthening  of  the  affimtj  of 
this  gas  for  oxygen  becomes  perceptible.  With  increasing  quantities  of  oxygen  also^ 
there  is  a  distinct  tendency  to  a  diminution  of  the  coefficients  of  affinity  when  ths 
carbonic  oxide  is  in  excess,  as  appears  from  consideration  of  the  experimflots  nadt 
with  approximately  equal  quantities  of  oxygen.  [See  in  the  tables  {2d  and  lOX  (1^, 
15a  and  16a),  (4a  and  12aX  (25  and  \\c\  (185  and  14a)].  With  increased  ojmfs, 
the  coefficients  of  affinity  diminish  by  jerks,  and  approach  to  a  «iiitiw*tww  Xha 
original  proportion  of  H  :  CO  seems  never  to  be  reached,  since  the  hydrogen,  in  eoa- 
sequence  of  its  f^reater  affinity  for  oxygen,  is  completely  burnt,  even  when  some  eazbonie 
oxide  still  remains  over. 

The  admixture  of  Nitrogen,  an  indifferent  gas  which  takes  no  part  in  the  eombostioo, 
influences  this  process  in  such  a  manner  that  the  affinity  of  the  hydrogen  for  oiygn 
is  weakened,  while  that  of  the  carbonic  oxide  is  increased  in  a  corresponding  degns. 
This  action  is  particularly  strong  when,  in  the  combustion  of  the  miztnre  witAoat 
addition  of  nitrogen,  the  coefficient  of  affinity  is  nearest  to  its  maximnm.  Thvs  ths 
coefficient  3*431  (exp.  16a)  is  reduced  to  2*206  (exp,  165),  whilst  in  experiments  15s 
and  5  a  relatively  larger  quantity  of  nitrqgen  gives  rise  to  a  diminution  d  ths 
coefficient  from  2*302  to  1*8477.  The  influence  of  the  nitrogen  is  similar  in  its  efieet 
to  that  of  the  carbonic  oxide,  but  not  comparable  therewiUi,  since  the  latter,  by  its 
partial  combination  with  oxygen,  takes  part  in  the  reaction. 

When  similarly  composed  mixtures  of  CO,  H  and  0  are  detonated,  first  in  wide 
and  then  in  narrow  tubes,  the  experiments  for  the  most  part  exhibit  diflforent  results 
in  the  two  cases,  the  combustion  in  the  narrow  tube  exhibiting  an  increase  of  affinitf 
of  the  hydrogen  and  a  diminution  of  that  of  the  carbonic  oxide.  These  experinMOts 
load  to  the  following  important  consequence :  The  changes  of  afflnity  prodnced,  on  ths 
one  hand,  by  addition  of  nitrpgen,  and  on  the  other  by  combustion  in  narrow  tubes, 
cannot  be  attributed — or  at  most  in  a  very  small  degree  only — to  difierenoes  of 
temperature,  since  in  both  ciises  the  temperatures  are  altered  in  the  same  sense, 
while  the  affinities  are  altered  in  the  opposite  sense.  To  explain  the  influenes 
exerted  upon  affinity  in  narrow  tabes,  Meyer  is  of  opinion  that  the  principal  factor  ts 
be  taken  into  account  is  the  friction  of  the  gases.  When  this  friction  is  increased,  ss 
when  the  combustion  takes  place  in  narrow  tubes,  the  affinity  of  the  hydrogen  is  for 
the  most  part  increased,  but  never  diminished. 

2.  Horstmann's  Experiments. 

Horstmann,  as  already  observed  (p.  430),  takes  a  view  of  the  resolts  of  tbs 
imperfect  comburtion  of  gaseous  mixtures  very  different  from  that  of  t  Mejer,  as 
detailed  in  the  preceding  pages.  The  main  results  of  his  investigations  are  snmaitnsed 
as  follows: — 

1.  When  carbon  monoxide  is  detonated  with  increasing  quantities  of  water* 
gas,  as  in  Bunsen's  expeTimenis,  the  proportion  of  water-vapour  to  carbon  dionds 
in  the  products  increasea  cowtiTiuou«ly .  '^\i\\»\.  \.\v^  \iws^"^^\w^.  ^1  Vj^an^is^Xs;^  tM^M^ 
oxide  increases  from  0*26  :  \  to  1'^%  \  \,  ot,\w  viVVw  'wot^Y^,^\i^A.\iwa.  ^l&>Kk'\^^^ 
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cent,  of  the  combustible  gases  is  burnt,  the  proportion  of  the  products  (HK) :  CO-j 
Tmries  from  0*8  :  1  to  4*6  :  1. 

2.  When  a  mixture  of  hydrogen  and  carbon  oxide  is  detonated  with  increasiopr 
quantities  of  oxygen,  as  in  t.  Meyer's  experiments,  water-vapour  and  carbon  dioxide 
are  Ukewise  formed  in  oontinuousfy  increasing  proportions. 

The  division  of  oxygen  between  the  two  combustible  gases  does  not,  therefore, 
take  place  in  the  manner  supposed  by  Bunsen. 

8.  With  moist  gases  less  hydrogen  and  more  carbon  oxide  are  burnt  than  when 
the  gases  are  dry.  On  the  other  hand,  when  carbon  dioxide  is  present  in  the  mixture 
before  detonation,  more  hydrogen  and  less  carbon  oxide  are  burnt.  [In  the  latter 
ease  some  carbon  dioxide  would  most  probably  be  reduced  by  hydrogen  in  the  detona- 
tion, imd  the  proportion  of  carbon  oxide  burnt  would,  consequently,  apjpearto  be  less.] 

4.  In  experiments  with  mixtures  of  hydrogen  and  carbon  oxide,  the  proportion  of 
the  products  of  combustion  (HK) :  GO')  varies  in  a  peculiar  manner.  With  increasing 
quantities  of  oxygen,  this  proportion  increases  at  first,  attains  a  maximum  when 
30-86  ^r  cent,  of  the  combustible  ffas  is  burnt,  and  then  gradually  decreases  towards 
the  limit  that  would  be  reached  if  the  whole  of  the  gases  were  burnt,  i^.,  towards  the 
proportion  of  hydrogen  and  carbon  oxide  before  detonation.  Thus,  for  instance,  in  a 
mixture  of  hydrogen  and  carbon  oxide  containing  64*6  per  cent,  of  hydrogen,  the  pro- 
portions of  the  products  were  successively  3*83,  4*09,  4*18,  8*96,  2*80,  and  2*09  :  1, 
when  the  amounts  of  the  gases  burnt  were  respectively  21*7,  29*1,  84*0,  41*7,  63  9, 
and  66*2  per  cent,  of  the  whole. 

6.  The  law  according  to  which  the  oxygen  is  divided  between  the  combustible 
gases  may  be  expressed  thus : — The  proportion  of  the  resulting  water-vapour  to  the 
rasiilting  carbon  dioxide  is  equal  to  the  proportion  of  the  unbumt  hvdrogen  to  the 
nnbumt  carbon  oxide,  multiplied  by  a  co-efficient  of  affinity  which  is  independent  of 
the  proportion  of  the  combustible  gases,  but  varies  with  the  relative  quantities 
of  oxygen  added.  This  coefficient  of  affinity  varies,  according  to  Horstmann,  between 
4*0  and  6*4  when  between  20  and  70  ner  cent,  of  the  combustible  gases  is  burnt,  the 
m^-rii^^m  ooefficicut  coiucidiug  with  tne  combustion  of  80-40  per  cent  of  the  gases. 
In  other  words,  the  proportion  of  water-vapour  to  carbon  dioxide  was  found  to  be 
from  4*0  to  6*4  times  as  great  as  the  proportion  of  hvdrogen  to  carbon  oxide  in  the 
residue  unbumt.  Hence,  relatively  more  hydrogen  than  carbon  oxide  is  burnt  in  all 
cases :  the  affinit]^  of  oxyeen  for  hydrogen  is  greater  than  for  carbon  oxide. 

6.  The  variability  in  tne  coefficient  of  affinity  is  due  to  the  circumstance  that  the 
physical  conditions  of  the  reaction  vary  with  the  relative  quantities  of  oxygen  present. 
With  equal  quantities  of  oxygen  the  coefficient  remains  constant,  not  only  when  the 
proportion  of  hydrogen  to  carbon  oxide  is  altered,  but  also  when  the  unconsumed 
portion  of  the  combustible  gases  is  replaced,  partially  or  entirely,  by  an  indifferent 
gas  of  similar  physical  character,  such  as  nitrogen,  although  the  proportion  of  unbumt 
gases  to  the  products  of  combustion  varies  in  both  cases. 


SMlatleiui  ef  Aflnltj  In  the  slow  ozldattoaof  Hjrdrofea  and  Carboaie 
Oslda  by  meaas  of  Flatlaam  (v.  Meyer,  J.  pr.  Ckem.  [2],  xiii.  121 ;  xiv.  124). 
The  presence  of  carbonic  oxide  in  mixtures  of  hydrogen  and  oxygen  does  not  pre- 
vent but  merely  weakens  the  action  of  platinum.  The  greater  the  proportion  of 
carbonic  oxide  present,  the  longer  is  the  time  required  to  bring  the  oxygen  into  a 
state  of  activity.  The  carbon  monoxide  is  first  converted  into  dioxide,  and  the  union 
of  hydrogen  with  oxygen  in  comparatively  laige  quantity  begins  only  when  there  is 
but  a  small  quantity  of  carbon  oxide  remaining  to  be  burnt 

The  relative  quantities  of  the  two  gases  which  are  oxidised  do  not  vary  continuously 
but,  as  in  the  case  of  oxidation  by  explosion,  disoontinuously  or  by  bounds,  and  in 
such  a  manner  that  the  quantities  of  water  and  carbon  dioxide  formed  in  definite 
intervals  of  time,  and  therefore  also  the  corresponding  quantities  of  hydrogen  and 
carbon  monoxide,  are  to  one  another  in  simple  molecular  proportions. 

The  experiments  on  combustion  by  explosion  show  that  when  a  mixture  of  hydrogen 
and  carbonic  oxide  is  exploded  with  an  insufficient  quantity  of  oxygen,  the  affinity  of 
hydrogen  for  oxygen  is  on  the  average  3*  14  greater  than  that  of  carbonic  oxide ;  in 
the  slow  oxidation  by  the  agency  of  platinum,  on  the  contrary,  the  affinity  of  carbonic 
oxide  for  oxygen  is  found  to  exceed  that  of  hydrogen  in  proportions  ranging  from 
7*06  to  7*76  ;  consequently  the  affinity  of  carbonic  oxide  for  oxygen  in  the  process  of 
dow  oxidation  through  the  intervention  of  platinum  is  from  22*2  to  24* &  l\m»&  «a 

gimtt  MM  the  aMnitjr  of  the  same  gas  for  oxygen  when  the  ox\dal\oTi  \;8^w^  "<o\ikKi^  Vj 
ecKploa'on. 
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With  a  giyen  pioportion  of  hydrogen  to  carbonic  oxide,  the  affini^of  ^  Uttor 
for  oxyd^en  is  diminished  vhcn  the  quantity  of  oxygen  is  increased.  This  is  shova 
by  the  following  results  of  experiment : — 

H  CO  O  Ooeff .  of 

Alllziltj. 

jlOO  2605  38-0  3-90 

ilOO  2605  690  8*10 

rlOO  47-6  49-65  6'80 

tlOO  47-6  127-7  4-21 

The  proportion  of  carbonic  oxide  to  hydrogen  appears  (within  certain  limiti)  to 
exert  less  influence  on  the  relative  affinities  of  the  two  gases  for  oxygen ;  thus  in  tlio 
following  experiments  in  which  the  ratio  H  :  0  is  nearly  constant  while  that  of 
H  :  CO  varies,  it  will  be  seen  that  the  coefficient  of  affinity  varies  bat  little : — 


H 

00 

0 

Coeff.of 
Afflnlty. 

100 

42-54 

22-14 

7-06 

100 

5200 

27*20 

770 

100 

64-50 

23-27 

7-75 

On  the  other  hand,  considerable  alterations  in  the  relative  affinities  are  pzodneed 
by  purely  mechanical  causes,  as,  for  example,  by  the  addition  to  the  mixtars  of  aa 
indifferent  gas,  such  as  nitrogen,  which  in  the  case  of  slow  combustion  by  means  «f 
platinum,  as  well  as  in  that  of  rapid  combustion  by  explosion,  increases  the  affinity 
of  carbonic  oxide,  and  diminishes  that  of  hydrpgen  n>r  oxygen.  The  oxidation  of  tba 
carbonic  oxide  is  also  favoured  by  the  continual  removal  of  the  oarbomc  anhjdridt 
produced. 

The  affinity  of  hydrogen  for  oxygen  in  comparison  with  that  of  carbome  oxide  ii 
increased  by  elevation  of  temperature,  and  in  uis  case  also  disoontinuooslj,  the  km 
of  oxidation  in  molecular  proportions  (of  the  products  of  combustion^  holdhig  good 
for  high  as  well  as  for  lower  temperatures.  This  is  seen  in  the  foUowing  es^eri- 
mental  results : — 

TemperAtnre         Owfflctopt  a( 
H  CO  O  ofBeftCtion.        Alllnitj  (Hsl). 

rlOO  43  65  48-40  12<*  7'«6 

(100  43-65  48-40  SO^'-OO'*  8-88 


rlOO 
1100 

64-50 
64-50 

23-27 
23-27 

40.50 
100*» 

7-76 
8-10 

ilOO 
100 

70-60 
70-60 

29-65 
29-65 

70 
90° 

9-00 
7-80 

To  explain  the  oxidation  of  carbonic  oxide  before  the  hydrogen  in  these  nmrm 
mixtures,  v.  Meyer  supposes  that  carbonic  oxide  is  more  strongly  attracteii  thaa 
hydrogen  by  the  molecules  of  the  platinum,  an  atmosphere  of  carbonic  oxide  being 
thus  formed  round  these  molecules,  which  to  a  certain  extent  prevents  the  hydrogen 
from  coming  in  contact  with  them.  Elevation  of  temperature  may  be  sappooed  to 
loosen  the  attachment  of  the  atmosphere  of  carbonic  oxide  to  the  pUtinum  mnl*«"q1f, 
and  at  the  same  time  to  accelerate  the  movement  of  all  the  gaseous  molaenlea  In  the 
mixture,  thereby  bringing  the  hydrogen  and  oxygen  more  freely  into  oontaet  with  the 
platinum,  and  increasing  the  relative  proportion  of  the  hydrogen  oxidised.  Tlie 
presence  of  an  indifferent  gas  like  nitrogen,  on  the  other  hand,  may  be  sappooed  to 
interfere  with  the  access  of  the  hydrogen  molecules  to  the  fdatinum,  whereas  it  does 
not  diminish  the  attraction  of  the  platinum  for  the  carbonic  oxide:  henee  it  will 
increase  the  relative  affinity  of  the  carbonic  oxide. 

The  action  of  platinum  in  bringing  about  the  combination  of  oxygen  and  hydrogn 
was  attributed  by  De  la  Rive  to  the  formation  on  the  surface  of  the  platinum  of  athia 
film  of  platinous  or  platinic  oxide,  which  was  subsequently  reduced  by  the  hydrogen, 
this  oxidation  and  reduction  being  continually  repeated,  so  that  the  action  beeoaiei 
continuous,  and  a  small  quantity  of  platinum  suffices  to  induce  the  oombinmtion  of 
unlimited  quantities  of  hydrogen  and  oxygen.  If  this  were  so,  the  oxides  of  platinum 
might  be  expected  to  act  on  a  mixture  of  hydrogen  and  carbonic  oxide  in  the  saaiA 
manner  as  platinum  itself  in  presence  of  oxygen,  tiiat  is  to  say,  the  proportaons  of  the 
two  gases  oxidised  would  be  the  same  in  the  one  case  as  in  the  other.  Such,  howefcr, 
is  not  the  case :  for  when  the  oxidation  is  effected  by  the  agency  of  plalanoas  or 

Elatinic  oxide,  the  coefficient  of  affinity  of  the  carbonic  oxide,  referred  to  that  of 
ydrogen  as  unity,  is  never  much  greater  than  1-5  and  sometimes  less  than  l,wba«ai 
when  the  oxidation  is  effiscted  by  free  oxygen  in  presence  of  platinum,  the  ooeffideat 
of  affinity  of  the  carbonic  oxide  is  sometimes  equal  to  8  or  9. 
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The  following  table  exhibita  the  resulta  of  experiments  in  which  the  oxidation  was 
effected  bj  platinous  or  platinic  oxide : — 

Original  OzidlHiiig  agent 

Proportkni  and  Duration  C!oefBcient 

of  the  Gases.  of  the  Actioa.  of  Affinity. 

CX)  H  ' 

rlOO  69-6  PtO(16min.)  0819 

(100  68-6  PtO(60min.)  0*686 

/lOO  163-4  RO(lmin.)  0614 

tlOO  153-4  PtO«(240  min).  1-634 

100  760  PtO(OH)«  (120  min.)  1140 

100  111-6  PtO(OH)«  (16  hrs.)  1190 

100  111-6  PtO(OH)«  (12  hrs.)  0970 

On  oomparing  these  results  with  those  aboTe  detailed,  it  is  evident  that  the  action 
of  oxygen  combined  with  platinum  in  the  form  of  either  platinons  or  platinic  oxide, 
on  a  mixture  of  hydrogen  and  carbonic  oxide  is  totally  different  from  that  of  free 
oxygen  in  presence  of  metallic  platinum,  and  consequently  that  De  la  Rive's  view 
of  the  action  of  platinum  in  the  latter  case,  namely,  that  a  film  of  oxide  is  first 
formed  on  the  metal  and  then  decomposed,  must  be  regarded  as  untenable. 

Zmperfieet  CombiutlOB  of  Bydrooarboiis  (v.  Meyer,  J.  pr.  Chtm.  [21, 
ziii.  121).  When  the  incomplete  combustion  of  the  compounds  CR\  G*H*,  Cm\  G'a'^ 
and  (CH')K)  yields  only  gaseous  products,  there  is  a  tendency  to  the  establishment 
of  a  molecular  proportion  between  these  products,  expressible  in  whole  numbers.  If 
the  quantities  of  oxygen  are  regulated  so  as  to  be  at  least  sufficient  to  convert  the  whole 
of  the  carbon  of  the  compound  into  monoxide,  but  not  sufficient  to  oxidise  the  hydro- 
gen, then  it  is  possible  to  distinguish  three  portions,  a,  jS,  7,  of  the  gas  in  question, 
which  stand  to  one  another  in  more  or  less  simple  numerical  relations,  a  is  the  por> 
tion  which  is  completely  burnt  to  CX)'  and  H'O ;  jS  that  which  is  burnt  to  CO  and 
HH) ;  7  the  residue  in  which  the  oxidation  stops  short  at  the  formation  of  CO,  the 
hydrogen  not  being  attacked.  Whether  the  combustion  process  takes  place  by  suc- 
cessive stages,  possibly  in  such  a  manner  that  the  hydixMsarbon  is  first  oxidised  to 
CO,  with  separation  of  hydrogen,  and  that  this  mixture  is  then  partially  oxidised, 
cannot  be  determined.  But  the  experiments  show  that  the  carbon  combined  with 
the  hydrogen  before  the  explosion  exhibits  a  strong  tendency  to  lay  hold  of  the 
oxygen  to  form  CO,  and  this  tendency  is  further  shown  by  the  following  observations. 
This  powerful  affinity  of  carbon  for  oxygen  makes  itself  felt  indeed,  even  under 
the  most  un&vourable  conditions,  with  a  large  excess  of  hydrogen  and  small  quan- 
tities of  oxygen.  As  soon  as  the  first  stage  of  oxidation  is  reached,  the  partially 
saturated  affinity  of  the  carbon  in  the  carbonic  oxide  gives  place  to  that  of  the 
hydrogen.  An  increase  of  oxygen  exerts  its  influence  in  such  a  manner  that  a  +  fi 
increases  while  7  proportionately  diminishes ;  7  disappears  first,  fi  on  the  occurrence 
of  complete  combui^on. 

When  hydrocarbons  mixed  with  hydrogen  are  exploded  with  insufficient  quantities 
of  oxygen,  molecular  regularities  are  likewise  exhibited  in  the  proportions  of  the  pro- 
ducts of  combustion.  The  question  as  to  how  much  free  hydrogen  has  taken  part  in 
the  combustion  must,  however,  remain  undecided.  The  influence  of  this  free  hydrogen 
is  shown  in  the  decrease  of  a,  and  the  considerable  increase  of  jS. 

The  presence  of  nUrogen  appears  to  alter  the  proportion  a  :  jS  :  7. 

On  ike  Inflammability  of  Ht/drocarbojiSt  and  the  processes  which  take  place  in  the 
most  imperfect  Combmtums, — The  following  table  shows  the  composition  of  inflam- 
mable and  non-inflammable  mixtures  of  hydrocarbons  and  oxygen,  also  of  certain 
hydrocarbons  with  detonating  gas. 
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Inflammability  of  Hydrocarbons. 


Yolame  of 
q^bnntible  gait. 

Oxygen 
employed 

Qaantity  of  0.  em- 
ployed, referred  to 
that  required  for 
complete  comboe- 
tion,  taken  aM  =1 

j|l  vol.CH** 

0-825 
0-876 

0-4126 
0-4380 

inflaimiiibU 

gfl  vol.  (?H« 
'     »       ff 

0-968 
1-007 

0-2766 
0-2877 

not  inflwnmiHe 

3j4vol.  C«H«  +  Jvol.  H. 
^     f*       ff                  ff 

0-722 
0-796 

0-3610 
0-3980 

not  inflainmable 
iDflammaUe 

^  ( 1  Tol.  (CH«)20 

*         9$                  ff 

1056 
1-366 

0-3017 
0-3870 

not  inflaminable 
inflammable 

^rl  vol.  CH* 
^     ff        ff 

0-533 
0-637 

0-1777 
0-2123 

gfl  voLC«H« 
*     ff       ff 

0-184 
0-2286 

0*0736 
0-0914 

inflammable 

Mirtureft  of  Detonating  Gas  with  C»H*  or  CH*. 


Yolnme  of 
combustible  gas 

employed 

i 

Quaatl^  of  0.  em-^ 
ployed)  referred  to 
that  required  for  i 
complete  combus- 
tion, taken  as  =1 

^  ( 1  Tol.  C«H«  +   3-926  vol.  H 
^  1 1  vol.  C»H«  +  3-992  vol.  H 

Q  / 1  voL  C«H*  +  2-448  vol.  H 
^llvol.  C»H*  +   2-794  vol.  H 

1-963 
1-996 

1-224 
1-897 

0-3596 
0-3682 

0-290 
0-318 

not  inflammable 
inflammable 

not  inflammable  > 
inflammable 

The  most  important  results  of  these  experiments  may  be  snmmaiiBed  as  follovf. 
In  the  detonation  of  ethylene  and  acetylene  with  qnantitiee  of  oxygen  not  lofll- 
cient  to  convert  the  whole  of  the  carbon  into  carbonic  oxido,  the  whole  of  the  osygea 
is  consumed  in  the  formation  of  that  compound.  If  the  combustion  of  ethylene  under 
these  circumstances  is  attended  with  separation  of  carbon,  a  quantity  of  the  naseeat 
carbonic  oxide,  increasing  as  the  oxygen  decreases,  unites  with  an  equal  Tolinne  of 
ethylene  to  form  acrolein,  according  to  the  equation  GO  +  CPIS}  «  CHH).  The  aw* 
bonic  oxide,  formed  under  similar  conditions  in  the  combustion  of  acefylene^  doci  not 
possess  the  power  of  uniting  in  a  similar  manner  with  that  hydrocarbon,  biit  nniim 
unaltered  in  the  gas.  In  the  cases  of  ethane,  methane,  and  methyl  oxide^  it 
cannot  be  decidedly  proved  that  the  whole  of  the  oxygen  is  employed  in  the  ntridatioB 
of  the  carbon,  since  the  higher  limits  of  inflammability  of  these  miztozes  aQow  the 
combustion  to  go  ftirther. 

The  limits  of  inflammabilitv  of  mixtures  of  hydrocarbons  with  oxygen  dspaod 
upon  the  heat-phenomena  which  take  place  in  the  resolution  of  the  hydroearixmeirto 
carbon  and  hydrogen,  and  in  such  a  manner  that  the  limit  is  highest  for  Hut  hjdm- 
carbon  (viz.  methane),  which,  in  separating  into  its  components,  obaorhM  the  gnstait 
quantity  of  heat,  and  lowest  for  that  one  (acetylenel  the  decomposition  of  i^eii  ii 
attended  with  the  greatest  evolution  of  heat.  The  hydrocarbons,  whose  limits  of  in- 
flammability lie  between  those  determined  for  methane  and  acetylene  most,  therafive^ 
when  resolved  into  their  constituents,  evolve  or  absorb  quantities  of  heat  vhidi, 
according  to  their  inflammability,  lie  between  the  values  determined  for  these  tvo 
hydrocarbons.    The  behaviour  of  ethylene  is  in  accordance  with  this  law. 

CBBUlT-XiiLintBXi  OZXi.  The  essential  oil  of  the  common-lanzel  {Cemu 
Lauroceraaus)  consists  of  benzoic  aldehyde,  hydrocyanic  acid  (less  than  2  per  omL),  a 
volatile  oil,  possibly  benzyl  alcohol,  C'H'O,  convertible  by  oxidation  into  bennie  aeid, 
and  minute  quantities  of  an  odorous  resin  (W.  A.  Tilden,  Pharm,  J.  TWmt.  [31 
V.  761). 

*  To  render  the  yalnes  of  the  second  column  for  GH*,  as  well  as  for  mixtures  of  equal  Toiuinw  of 
G*H*  and  H.  comparable  with  thr  rpAt,  it  Ia  nocavaTy  to  start  from  2  rols  of  these  gaRes :  e^.  t  voK 
CB*  require  1'7A2  vol.  O  to  render  the  gas  inflammable,  &c 
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I.     Tricupric  Orthocarbonate,  Cn»H«(COy— (i.  738).-~On  pseudo- 

morphs  of  this  mineral  after  Cuprite,  see  Geinitz,  {Jahrbueh  f.  Min,  lS77t  P*  449  ; 
Ckem.  Soc,  J.  1877,  i.  697). 


Caatanea  veaca, — Observations  on  the  influence  of  the  chemical 
composition  of  the  soil  on  the  growth  of  this  tree  have  been  made  by  Fliche  a. 
Grandeau  (Ann,  Chim,  Phys,  [6],  ii.  354);  Ghatin  (Bull.  8oe,  Botan,  1870,  104)  has 
shown  that  the  chestnut  naturally  disappears  from  soils  containing  more  than  3  per 
cent,  of  lime.  In  accordance  witii  this,  Fliche  a.  Grandeau  find  that  on  a  soil  of  the 
wood  of  Champdtre  containing  about  66  per  cent,  calcium  carbonate,  chestnuts  will 
not  grow ;  that  on  a  calcareous  soil  of  the  same  locality^containing  3'25  per  cent,  lime  in 
the  surfeice  soil,  and  24*04  percent,  in  t.he  subsoil,  the  growth  is  very  poor  and  sickly, 
whereas  on  a  silicious  soil  containing  only  0*36  per  oent.  lime  in  the  surface  soil  and 
2*20  per  cent  in  the  subsoil,  it  is  vigorous.  (For  the  analyses  of  these  soils,  see  the 
article  Pnnrs  in  this  volume). 

Analyses  of  the  ash  of  the  leaves  and  of  the  stem  and  branches  from  trees  grown 
on  the  mlicious  and  on  the  calcareous  soil  gave  the  following  percentage  results. 

The  well-grown  specimens  ftom  the  silicious  soil  were  taken  from  a  plantation 
about  twelve  years  old,  and  the  badly  grown  specimens  f^m  the  calcareous  soil  from 
one  twenty-three  years  of  age. 
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The  percentage  of  ash  both  in  the  leaves  and  in  the  stems  and  branches  is  greater 
in  those  plants  grown  on  the  lime  soil,  and  in  these  there  is  a  marked  increase  in  the 
percentage  of  lime,  and  decrease  in  that  of  the  potash  and  also  of  the  silica.  The 
percentage  of  iron  is  also  deficient  in  those  grown  on  the  lime  soil.  Sodium  and 
chlorine,  which  are  present  in  the  leaves,  are  nearly  or  quite  absent  from  the  wood. 

The  leaves  from  the  trees  on  the  lime  soil  ware  mucn  smaller,  and  a  microscopical 
examination  showed  that  they  contained  far  less  starch  and  chlorophyll  than  tnoea 
from  the  trees  of  vigorous  growth. 

Malaguti  and  Durocher  (Ann,  Chim,  Pht/t.  [3],  liv.  267)  found  that  several  plants 
assimilated  much  more  lime  and  much  less  potash  when  grown  on  a  calcareous  soil, 
and  more  recently  Rothe  (Bot,  ZeU,  1872,  240)  has  observed  the  same  facts  with 
Hsrmaria  glabra, 

OMICO&T.  On  the  Detection  and  Estimation  of  Chicory  in  Coflee,  see 
CoFnB. 


I.  This  mineral  from  Tavistock  (sp.  at,  8*22)  has  been  analysed 
by  Church,  who  assigns  to  it  the  formula  7R0.2AlK)'.SP<O«-f  12HK)  (in  which 
RaFe  +  Mn). 

FoO.       MnO.       MgO.       Al'O".        PH)*.         IPO.  O. 

Analysis      26*63      7*74      1*03       16*86      30*66      17*10      0-29  =  99*29 
Calculation      2667     10*62        —       16*26      31*66      16*00        —    -   100 

The  0*29  per  coot,  oxygen  corresponds  with  the  quantity  of  iron  present  as  FeK)* 
(CAm.  Soc,  J,  [2],  xi.  103). 

OHXllOXiXVBt  CH^.  This  base  is  oxidised  by  potassium  permanganate  to 
leucolinicacid,  C^H'NO'  (q.  v.),  and  this  acid  heated  with  soda-lime  jrields  a  dis- 
tillate containing  aniline: 

r^IPNO'  -  C^U'N  +  COS  +  H20  +  C». 
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On  the  Phybiological  Action  of  the  Chinolinu  and  Pyridine  basefl,  nee  MeKendrick 
a.  Dewar,  Pharm.  J.  Tram.  [3],  v.  868 ;  Cke^n,  Soc.  J.  1876,  1276). 

See  AcsTAHiDB  (p.  2). 

■    See  AcETomTRiL  (p.  33). 

CBlLOSACBTTX-iniBiL.     See  GARnAiiiDES  (p.  393). 

CBlLOSAZi,  Ca'.GHO.  Reactums,  1.  With  Bfwitm«.—When  bromioe  ma 
chloral,  in  equal  numbers  of  molecoles,  are  heated  together  to  140®  in  sealed  tubes 
opened  from  time  to  time  to  allow  gas  to  escape,  till  the  bromine  has  neulj  din|>- 
peared  and  only  a  small  quantity  of  gas  is  given  off,  the  products  obtained  are  brooio- 
trichtoromethano,  trichlomcetjl  bromide,  hydrogen  bromide,  and  carbon  SKHMiudi;. 
formed  according  to  the  equations — 

CCl'.CHO  +  Br«  -  HBr  +   CC51«.C0.Br 
COl'.OHO   +   Br^  =  HBr  +   CO   +  CCl»Br. 

The  products  are  difficult  to  separate  by  distillation.  On  adding  water,  thf 
trichlorobromomethane  separates  out,  and  the  trichloracetyl  bromide  is  coiiTerted  iatu 
trichloracetic  acid  (Oglialuro,  DetU,  Chem,  Ges.  Ber,  vii.  1461). 

2.  With  Sulphuric  ffc/rf.— The  compound,  C'«H»C1»*SK)'«,  formed  b^  the  actioo  of 
sulphuric  anhydride  on  chloral  (2nd  SuppL  308)  may  likewise  be  obtained  by  wash- 
ing the  product  of  the  action  of  sulphunc  acid  on  chloral  with  cold  water,  and  crystal- 
lising the  residue  from  ether,  the  reaction  being — 

6C«HC1«0   +   3S0*H«  -  H'O   =  C'«H»a'*S>0". 

This  compound  may,  with  care,  be  crystallised  from  warm  alcohol.  It  melts  at 
70°,  undergoing  decomposition  at  the  same  time.  At  100"  chloral  distils  over, 
leaving  a  residue  of  sulphuric  acid  and  chloralide.  It  decomposes,  by  keeping,  into 
sulphuric  acid  and  insoluble  chloral ;  with  acetyl  chloride  it  forms  a  compoond, 
C«H'K)1"S»0>',  which  crystallises  in  small  needles,  melting  at  92°. 

With  fuming  sulphuric  aeid^  chloral  yields  the  compound,  C"H*H)1'W)" 
(Grabowski,  DetU.  Chem.  Ges.  Ber.  vi.  1070). 

3.  With  Nitrous  Anhydride. — When  this  gas  is  passed  into  anhydrous  chloral,  a 
deep  green  solution  is  formed,  which  does  not  change  on  standing.  At  100",  however, 
in  sealed  tubes,  a  reaction  takes  place,  yielding  trichloracetic  acid  and  a  small  quan- 
tity of  chloropicrin,  together  with  a  very  large  quantity  of  gas  (Wallach,  LMjfs 
Annalen,  clxxiii.  274). 

4.  With  Hydrogen  Sulphide. — This  gas  passed  into  anhydrous  chloral  at  oidiniy 
temperatures  forms  chloral  sulphydrate  (CCl*— CHOH)*S,  (p.  441). 

5.  Chloral  heated  with  phosphorus  pentasulphide  in  sealed  tubes  to  160"-170", 
yields — together  with  hydrochloric  acid  and  a  brown  amorphous  solid — a  liquid, 
which  when  decanted,  distils  for  the  most  part  between  84"  and  93",  the  tamperatue^ 
liowever,  rising  towards  the  end  to  140",  when  a  yellowish  oil  passes  over,  which  is 
decomposed  by  water,  with  separation  of  sulphur,  and  probably  consists  of  solphur 
chloride.  The  portion  boiling  at  93",  when  washed  with  water  and  distilled  in  a 
current  of  steam,  yields  an  oily  distillate,  which,  after  drying  with  calcium  cfalonde, 
has  a  very  pleasant  odour,  boils  at  88^,  and  agrees  in  other  diaracters,  and  in  eompo- 
position  with  chloracetylene  dichlorido  or  trichlorethylene,  CH^C  '  (2ii^ 
Suppl.  20).     (Patemo  a.  Oglialoro,  Gazzetta  chimica  italiana,  iii.  538). 

6.  With  Acetyl  chloride. — Anhydrous  chloral  unites  directly  with  acetyl  chlozido. 
forming  the  compound  C*H*CI*0«  =  C1«C— CHCl— 0— CH'O,  which  is  also  prodnced, 
with  rapid  evolution  of  hydrochloric  acid,  when  1  mol.  chloral  hydrate  is  treated  with 
rather  more  than  2  mol.  acetyl  chloride.  The  reaction  is  completed  by  heating  the 
mixture  on  the  water-bath,  and  on  pouring  the  product  into  water,  Uie  compomid 
C*HH^1*0^  separates  as  a  heavy  oil,  which,  when  purified  in  the  usual  way,  boils  st 
186"  (uncorr.),  and  has  a  density  of  1-4761  at  17®  (V.  Meyer,  Deut.  Chem.  Ges.  Ber. 
iii.  445V  According  to  Curie  a.  Millet  (Compt.  rend.  Ixxxiii.  745)  it  boils  at  186"- 
188",  is  not  sensibly  attacked  by  water  at  200°,  but  acts  violently  on  pulverised 
potassium  hydrate,  with  formation  of  chloroform,  potassium  chloride,  and  potassram 
acetate.  Distilled  over  sulphuric  acid,  it  yields  chloral ;  over  fused  sodium  acetate, 
it  yields  chloral  and  sodium  chloride.  Treated  with  zinc  and  acetic  acid,  it  exchange* 
2  at.  chlorine  for  2  at.  hydrogen,  and  is  converted  into  the  compound  C^H^CIK)*. 
metameric  with  ethylic  dichloracetate  and  dichlorethylic  acetate,  which  boils  withcnt 
decomposition  at  146"-148°,  and  reacts  like  a  compound  of  monochloraldebyde  and 
acetyl  chloride. 

7.  With  Hydrocyanic  rtcirf.— When  chloral  is  cohobated  for  some  days  in  the 
water-bath  with  hydrocyanic  acid  and  hydrochloric  acid,  a  clear  vellowr  liquid  if 
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obtained,  which,  when  evaporated  at  100°  giyes  off  hydrocyanic  acid,  and  Anally 
leaves  a  mass  of  sal-ammoniac  crystals  mixed  with  a  yellow  oil.  On  treating  this 
mass,  after  cooling,  with  ether,  the  oil  is  dissolyed,  and  separates,  on  evaporating  the 
ether,  as  a  thin  syrup  which  solidifies  on  standing.  The  product  thus  obtained  is  a 
mixture  of  trichlorolactic  acid  and  chloral  cyanhydride,  CC1'.CH(0H).CN. 

This  addition-product  is  not  formed  by  the  action  of  anhydrous  hydrocyanic  acid 
on  chloral  at  a  moderate  heat  (28*^),  but  is  easily  prepared  by  digesting  a  mixture  of 
chloral  with  a  concentrated  aqueous  solution  of  nyorocyanic  acid  for  several  hours, 
and  evaporating  the  product  on  the  water-bath.  The  mobile  oil  which  is  left  solidifies 
on  cooling  to  a  mass  of  colourless  prisms,  which  may  be  readily  purified  by  reciy^stal- 
lisation  from  water.  It  is  very  easily  soluble  in  alcohol  and  ether,  and  Tolatilises 
slightly  with  the  yapour  of  water,  being  at  the  same  time  decomposed  into  chloral 
and  hydrocyanic  add.  Alkaline  solutions  cause  it  to  split  up  into  chloroform,  formic 
acid,  and  hydrocyanic  add.  It  melts  at  60^-61^.  When  digested  at  100°  for  several 
days  with  strong  hydrochloric  acid,  it  is  converted  into  trichlorolactic  acid, 
C^a«0»-CCl»—dHOH—COOH,  melting  at  106°-110<>  (Pinner  a.  Bischoff.  2/m*^* 
Annalent  clxxix.  174). 

9.  With  Methyl  cyanide  or  AeeUmitril, — This  reaction  yields  a  compound  which 
may  be  regarded  as  Uie  amide  of  a  chlorinated  bibasic  acid,  GCl' — CH(CH*.(X)NH*)', 
its  formation  being  represented  by  the  following  equations : 

Ca«.CHO  +   2(CH«.CN)  =  H«0  +  OCa».CH(CH».ON)« 
CC1».0H(CH«.CN)«  +  2H«0  «  Ca».Cfl(CH«.CONH«)« 

(Hubner  a.  Schreiber,  ZeiUckr,/,  Chem.  1871)  712;  Hiibner,  DetU.  Chem.  Get.  Ber. 
yi.  109). 

10.  With  Cyanamide. — See  Cyanamidb. 

11.  With  AUyl  alcohol.— See  p.  60. 

12.  With  Benzene  and  its  derivatives. — When  1  mol.  chloral  and  2  mol.  benzene 
are  mixed  with  about  double  the  volume  of  strong  sulphuric  acid,  diphenyl-trichlor- 
ethano^is  formed,  according  to  the  equation : 

CCP.CHO  +   2C«H«  =  H«0   +   OC1».OH(OH»)« 

(Ooldschmidt,  Deut.  Chem.  Gee.  Ber.  vi.  985). 

In  like  manner  with  monobroTno-  and  monochlorohemene,  chloral  forms  the  com- 
pounds CCl».CH(C«H*Br)a  and  Ca«.CH(C«H*Cl)«,  both  of  which  are  crystalline 
(Zeidler,  ibid.  vii.  1180);  and  with  toluene,  dimethylphenyltrichlorethane. 
CC1'.CH(C*H*CH')^,  which  separates  from  solution  in  eUier-alcohol  in  fine  crystals 
melting  at  89°  (Fischer,  ibid.  vii.  1191). 

13.  With  Thymol. — A  mixture  of  chloral  and  thymol  treated  with  sulphuric 
add  and  glacial  acetic  acid,  yields  dithymoxyl-trichlorethane,  GCI*.CH(C**B[*'0)' 
( Jiiger,  Beat.  Chem,  Gee.  Ber.  vii.  1 1 97).    See  DrrHTVOXYL-coMPOUNOs. 

14.  With  Amines  and  Amides. — See  2nd  Suppl,  311.  With  aniline  and  its  homologues 
the  products  are  trichlorethylidene-diphenylamine,  CC1*.CH(NH.(>H*)', 
and  the  corresponding  tolyl  and  xylyl  bases.  The  diphenyl  base,  discovered  by 
Wallach,  has  been  further  examined  by  Amato.    See  Phkntlamucks. 

1 6.  With  Oxyacids. — See  Cklobalidb. 

On  the  compounds  of  chloral  with  Albuminoids^  and  on  its  physiological  action, 
see  Personne  (Compt.  rend.  Ixxviii.  129)  and  Bvasson  {ibid.  649);  vivo  Chem.  Soc.  J. 
1874,  355,  591.  On  the  physiological  action  of  chloral,  see  also  Tomaszewicz  {Pfiuger's 
Archiv.f.  Physiohgie  ix.  35;  Okem.  Soc.  J.  1874,  814). 

Chloral  Cjanldo-cjaiiafet  C*H'C1'N'0^  This  compound  is  formed  on  mixing 
the  dilute  solutions  of  chloral  and  potassium  cyanide  containing  cyanate.  A  gradutd 
reaction  then  takes  place  at  ordinary  temperatures,  hydrocyanic  acid  is  evolved,  the 
mixture  becomes  warm,  and  aft^r  some  hours  deposits  prismatic  crystals,  which  are 
larger  the  more  dilute  the  solutions  are  employed.  The  compound  thus  formed  con- 
tains the  elements  of  chloral,  cyanic  acid,  and  hydrocyanic  acid : 

C«HCP0   +   CHNO  +  OHN   -   0<H»01»N«0«; 
not  a  trace  of  it  is  produced  by  treating  chloral  hydrate  either  with  pure  cyanide  or 
pore  cyanate. 

Chloral  cyanido-cyanate  melts  at  80^,  and  when  heated  in  a  dosed  tube  sublimes 
partially  at  100®  in  long  needles,  and  carbonises  at  120®.  It  is  soluble  in  ether  and 
in  alcohol,  and  separates  therefrom  in  crystals.  It  dissolves  sparingly  in  cold,  easily 
in  hot  water,  and  is  completely  decomposed  thereby,  with  formation  of  hydrocyanic 
and  formic  acids.  On  heating  it  with  water  in  sealed  tubes,  hydrocyanic  acid  is  elimi- 
nated, and  the  liquid  yields  ammonium  chloride  on  eyaporation.  When  distilled 
with  water,  it  is  rusolvod  into  bydrucyauic  and  hydiochloric  acids,  Citrboa  diuxiJe 
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and  formic  acid.    It  dissolveM  in  dilute  acids  and  ciyBtalliiies  therefiram  wiAlUnd, 
but  when  heated  with  dilute  hydrochloric  acid,  it  yields  ammonium  chloride. 

On  the  reaction  of  Chloral  Cyanido-cyanate  with  Aniline,  see  Chloral-ajoum 
(p.  443). 

Clilona  Hydrate,  C'H'Cl'O'  =  CHCl'O.H'O  »  CC1'.CH(0H)>.  This  comporad 
is  now  manufactured  on  a  Tery  large  scale,  some  Qerman  makers  supplying  as  mneh 
as  250  kilograms  daily.  Chlorine  is  passed  into  alcohol  of  at  least  96  per  cent.  For 
120-150  lbs.  of  alcohol  the  current  of  chlorine  must  be  maintained  for  12-14  days,  is 
which  time  the  temperature  rises  to  60*^-75^,  and  the  liquid  acquires  the  density  of 
41°  B.  The  crude  product  thus  obtained  is  purified  by  heating  it  with  an  equl 
weight  of  strong  sidphuric  acid  in  copper  vessels  lined  with  lead.  Considsmbis 
quantities  of  hydrochloric  acid  escape  at  first,  and  afterwards  chlond  distils  at  95°- 
100°.  This  distillate  is  redistilled,  collected  in  glass  flasks,  and  mixed  with  water: 
and  the  hydrate  then  formed  is  either  poured  into  large  porcelain  basins,  in  which  it 
solidifies  in  cakes  in  half  an  hour ;  or  it  is  poured  into  vessels  one> third  full  of  cfalofo- 
form,  to  crystallise  (G-.  Detsonyl,  Chcm,  dnir,  1873,  767). 

VapouT'density. — A.  Naumann  (DetU.  Chem.  Ges,  Ber.  iz.  822)  has  made  ezperi- 
ments  on  the  density  of  the  gases  obtained  by  heating  chloral  hydiiite,  firom  whidb  he 
infers  that  this  substance  cannot  exist  in  the  state  of  vapour,  but  undergoes  disioeis- 
tion  into  CHCl'O  and  H^O  when  volatilised  even  at  ordinary  temperatorefl.  The 
values  obtained  are  shown  in  the  following  table : 


Density  of  the  Gases  evolved  from  Chloral  HydraU. 


t 

Qoantity  of 
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Pressure 

Yolame 
cab.  cent 

Density 
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Calculated  for 
C"HC1«0  + 

H«0            OTTCIV 

0-2205 
00520 

100® 
78-5 

450-5 
162 

136-7 
85-8 

2-81 
2-83 

2-86 

5-72 

According  to  these  numbers,  the  resolution  of  1  mol.  chloral  hydrate  into  tvo 
separate  gas-molecules  is  complete  even  at  78° ;  and  further,  when  a  quantity  of 
chloral  hydrate  more  than  sufficient  to  fill  the  space  above  it  with  vapour,  was  heated 
for  some  time  to  about  35°,  and  then  cooled,  the  tension  of  the  vapour  was  found  to 
be  always  below  6  mm. :  hence  it  may  be  inferred  that  chloral  hydrate  cannot  pass 
into  the  state  of  vapour  without  decomposition  even  at  ordinary  temperatures.  At 
higher  temperatures,  the  dissociation -tension  of  the  chloral  hydrate  did  not  attain  a 
constant  value  even  after  a  considerable  time.  At  35°  it  rose  gradually  in  an  hour 
from  12  to  17  mm. ;  at  46°  in  two  hours  from  18  to  47*5  mm. ;  at  78°  in  forty  minuto^ 
from  261  to  296  mm.  The  highest  tension,  according  to  the  last  observation  made  at 
each  temperature,  must  not  be  regarded  as  a  true  maximum,  but  only  as  a  lower 
limit,  which  would  be  exceeded  if  the  heating  were  continued  longer. 

Troost,  on  the  other  hand  {Compt.  rend,  Ixxxiv.  708 ;  Ixxxv.  32,  400X  havii^ 
been  unable  to  detect  the  presence  of  aqueous  vapour  in  the  gases  evolved  tam 
chloral  hydrate,  infers  that  this  compound  does  not  undergo  dissociation  when  vaponaed, 
but  exists  in  the  state  of  vapour  as  an  entire  molecule,  CJiKJlH)*,  the  vapouzHdeniity 
of  which  is  therefore  anomalous,  indicating  a  condensation  to  4  vols,  instead  of  tiie 
usual  2  vol.  condensation.  The  mode  of  experimenting  employed  by  Troost  depends 
upon  the  following  considerations.  If  the  vapour  be  really  in  a  state  of  dissociatioii, 
it  will  behave  like  a  mixture  of  equal  volumes  of  aqueous  vapour  and  dry  gaseoos 
chloral.    Denoting,  therefore,  the  total  vapour-tension  by  F,  each  of  these  gases  will 

have  a  tension  equal  to  -,  and  on  introducing  into  the  mixture  a  hydrated  salt, 

whose  tension  of  dissociation  is  known  to  be  less  than  -.,  the  total  tensian  of  the 

rnpour  in  the  apparatus  will  remain  unchanged,  that  is,  equal  to  F ;  for  the  salt 
will  be  in  presence  of  a  greater  proportion  of  aqueous  vapour  than  it  could  itself  giVB 
oflf  at  the  same  temperature.  If,  on  the  other  hand,  the  hydrate  of  chloral  exiits 
nndecomposcd  in  the  vapour,  the  salt  will  1)e  dissociated  as  in  dry  gas,  and  the  total 
tension  will  consequently  be  increased,  an<l  will  tend  to  become  F+^. 

The  p:ilt  cmploye<l  in  t!ie  cxpirimouti?  was  neutral  puta^i^ium  oxalate,  which  has 
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at  78®  a  disaociation-teiunon  of  53  mm.  The  elastic  force  of  the  Tapour  of  the  chloral 
hydrate  at  78^  was  1 17*5  mm. ;  but  on  addition  of  the  oxalate,  the  tension  in  the  reseel 
gradiially  increased,  till  164*5  was  reached.  The  hydtated  salt  had  therefore  become 
dissociated  in  the  vapour  nearly  as  in  a  dry  gas.  The  same  result  was  obtained  by 
▼aporising  chloral  hydrate  in  a  space  already  containing  vapour  of  water  emitted  by 
a  nydrated  salt.  Hence  Troost  infers  that,  contrary  to  the  received  opinion,  chloral 
hydrate  can  exist  in  the  gaseous  state  at  78®,  and  that  its  molecule  exhibits  a  4  vol. 
condensation. 

According  to  Wurtz,  on  the  contrary,  crystallised  potassium  oxalate  does  not 
nve  off  its  water  in  the  vapour  of  chloral  hydrate,  although  in  that  of  chloral  ethylate, 
C*HC1H).(C*H»)*0,  it  parts  with  its  water  as  easily  as  in  air. 

The  question  as  to  the  dissociation  of  chloral  hydnite  cannot,  therefore,  at  present 
be  regarded  as  completely  decided :  but  the  agreement  of  Wurtz  s  result  with  that  of 
Naumann,  obtained  by  a  totally  different  method,  certainly  gives  support  to  the  con- 
dnsion  that  this  compound  in  passing  into  the  state  of  vapour  is  really  resolved  into 
chloral  and  water. 

BmKtions, — 1.  When  chloral  hydrate  is  heated  with  five  times  its  weight  of 
sympj  ghfoerin,  a  regular  action  begins  at  110®  and  goes  on  up  to  230®,  at  which 
temperature  the  operation  must  be  stopped  to  avoid  complicating  the  results.  The 
distillate  consists  of  chloroform,  formic  acid,  and  undecomposed  chloral  hydrate, 
besides  hydrochloric  add  and  allyl  chloride,  which  are  seconoary  products  (Byasson, 
Compt,  rind,  Ixxv.  1628). 

2.  Chloral  hydrate  is  decomposed  by  an  alkaline  solution  of  potassium  per- 
numganatet — manganese  se8<^uiox]de  being  precipitated,  and  potassium  carbonate, 
formate,  and  chloride  remaining  in  solution,  while  carbon  oxide  is  evolved.  This  fact 
leads  to  a  theory  of  the  action  of  chlond  in  the  animal  organism.  When  it  is 
introduced  into  the  circulation,  the  alkalinity  of  t^e  blood  and  the  oxidising  agencies 
present  are  &vourable  to  the  production  of  carbon  oxide,  which,  according  to  the 
experiments  of  CI.  Bernard,  can  combine  with  the  blood-globules,  displacing  the 
OTVgen,  These  globules  thus  become  unfit  for  any  physiological  fimction,  and  can 
only  be  revivifid  by  the  displacement  of  the  carbon  oxide.  Bernard  has  also 
obeerved  a  decrease  of  temperature  in  cases  of  partial  poisoning  by  carbon  oxide,  and 
this  coincides  with  the  results  which  follow  the  administration  of  chloral.  The  slow 
decomposition  of  chloral  by  an  oxidising  agent  also  explains  the  continuity  of  its 
action  as  a  hypnotic,  which  would  not  be  the  case  if  it  were  transformed  into  chloro- 
form (Tanret,  J.  Pharm,  Chim.  [4],  xx.  355). 

3.  When  amnumium  sulpMae  is  added  to  an  aqueous  solution  of  chloral  hydrate, 
the  mixture  rapidly  turns  yellow,  and,  after  passing  through  several  shades  of  colour, 
finally  becomes  dark  brown.  From  this  liquid,  dilute  sulphuric  acid  tlirows  down  a 
bulky  brown  precipitate  which  may  be  purified  by  washing  and  exhaustion  with 
carbon  sulphide,  to  remove  free  sulphur,  and  dried  at  100®  till  its  weight  becomes 
constant.  It  then  presents  the  appearance  of  an  amorphous  light  brown,  earthy 
powder,  slightly  soluble  in  water,  alcohol,  and  carbon  sulphide,  nearly  insoluble  in 
chloroform  and  benzene,  but  readily  soluble  in  solutions  of  caustic  alkali  and  alkaline 
sulphides,  from  which  it  is  reprecipitated  on  the  addition  of  an  acid.  When  ignited 
on  platinum  foil,  it  evolves  a  peculiar  odour,  and,  taking  fire,  produces  a  large  carbon- 
aceous residue  which  slowly  bums  away. 

Its  analysis  leads  to  the  formula  C'H^^S^N^O*,  from  which  it  may  be  supposed  to 
be  formed  by  the  following  reaction : — 

9(C»Ha»0.H»0)  + 1 6(NH«)«S  +  2H«S  =  C»H»*S»NK)«  +  27NH«C1  -h  NH«  +  S»  +  1 2HK) 

(K  Davy,  PkU,  Mag,  [4],  Ixviii.  247). 

4.  The  action  of  hydrogen  sulpnide  on  chloral  hydrate  gives  rise  to  chloral 
sulphydrate  ^.  442). 

5.  With  a  mixture  of  Potassium  Cyanide  and  Cyanate^  chloral  hydrate,  as  already 
observed,  yields  chloral  cyanido-cyanate,  CH"C1*NK)*  (p.  439) ;  buton  mixing 
it  in  concentrated  aoueous  solution,  with  pure  potassium  cyanate,  carbon  dioxide  is 
speedily  evolved  in  large  quantity,  and  crystals  separate,  difficultly  soluble  in  water, 
ether,  and  alcohol.  They  are  decomposed  by  boiling  alkalis,  with  evolution  of  ammonia, 
and  carbonise  above  200®  without  melting.  On  analysis  they  give  numbers  agreeing 
with  the  formula  C^H'Cl'NW,  differing  by  the  elements  of  hydrochloric  add  from 
the  body  which  is  obtained  by  the  simultaneous  action  of  potassium  cyanate  and 
cyanide  on  chloral  hydrate.  Other  substances  not  yet  fully  examined  are  also  formed 
in  the  reaction.  If  too  strong  solutions  are  used,  a  brown  coloration  is  produced,  and 
the  product  is  partially  resinised. 

Tkiocyanate  and  firrocyanide  of  potassium  likewise  act  energetically  on  ddoral 
hydrate  (Wallncli,  Pntt,  Chcm,  Qes,  Bcr.  viii.  1327). 


442    CHLORAL  SULPHYDRATE— CHLOEAL-AMMONIA. 

Isomeric  Chloral  Hydrate, — Chloral  mixed  with  glacial  acetic  add  iicon- 
▼orted,  according  to  the  conditions  of  the  experiment,  either  into  ordimurj  cfalonl 
hydrate  or  ti  compound  isomeric  therewith.  By  quick  eraporation  of  the  miztort, 
the  isomeric  compound  is  obtained  in  fine  crystals  melting  at  80°  ;  by  alow  ffapofn- 
tion,  the  same  mixture  yields  ordinary  chloral  hydrate  melting  at  57^>  or  mixtnrei  of 
the  two  (m.  p.  60^-80^).  The  constitution  of  the  two  hydrates  may  perhapg  be 
represented  by  the  following  formulae : 

CC1«.CH(0II)=»  CC1«.OOH.H-0, 

Ordiiuury.  Isomeric 

but  it  is  also  possible  that  they  mtiy  be  polymeric  (V.  Meyer,  Deut.  Chem.  Ga.  Btr. 
vi.  449). 

Cbloral  Snlpbydrate.  Byas8on,  by  passing  gaseous  hydrogen  sulphide  iato 
anhydrous  chloral,  at  ordinary  temperatures,  obtained  a  crystalline  oomponnd  to  vhidi 

!0H 
8H 
{^2nd  Siippl,  312),  and  Hagemann  {ibid.)  by  passing  the  same  gas  into  a  solntioa  of 
anhydrous  chloral  in  ether,  obtained  a  solid  body  having  the  composition — 

CC1»— CHOH 

2CHC1«0.H=S,  or  s/ 

CC1»— CHOH 

The  product  of  this  reaction  has  been  further  examined  by  Fatem6  a.  Oglialuro 
(Gazz.  chim.  ital.  1873,  533),  who  hare  not  been  able  to  obtain  Byasson's  j^odaet 
even  when  following  his  directions  exactly,  but  hare  always  obtained  the  compomid 
described  by  Hagemann :  and  the  same  result  haa  been  obtained  by  G.  Wyn  {DeU. 
Chem,  Ges.  Ber.  vii.  211).  This  compound  is  insoluble  in  water,  and  dicomptwi 
gradually  in  contact  with  that  liquid ;  in  absolute  alcohol  and  in  ether  it  diasolni 
without  alteration ;  it  is  very  slightly  soluble  in  cold  chloroform,  more  easily  when 
the  liquid  is  warmed,  forming  a  solution  which  has  a  great  tendency  to  remain  saper^ 
saturated  (P.  and  O.)  Acconliug  to  Wyss  it  dissolves  in  all  proportions  in  alcohol 
and  ether,  and  freely  in  benzene,  chloroform  and  carbon  sulphide,  sepnratiDg  horn 
these  solutions  in  rhombohedral  ciystids,  melting  with  decomposition  at  127  -1S8^. 
When  recently  crystallised  and  dried  over  sulphuric  acid,  it  is  nearly  scentlesi,  but 
on  exposure  to  the  air  it  acquires  a  disugrecablo  odour,  like  that  of  sulphnnttsd 
ethers.  It  melts  at  128°  when  pure,  but  the  molting  point  is  apt  to  be  lowered  a  tew 
dcgreef?,  in  consequence  of  the  great  alterability  of  the  compound.  On  distillatioii  it 
boils  at  100^-115°,  the  greater  part  solidifying  during  distillation,  and  consistiiig  of 
the  unaltered  products ;  but  the  first  portions  of  the  distillate  are  liquid  and  eontam 
chloral.  This  circumstance,  together  with  the  rather  low  molting  point,  indicate  that 
the  compound  is  decomposed  by  heat  (P.  and  0.) 

Chloral  sulphydrate  is  decomposed  by  strong  sulphuric  acid  and  by  pkcepkerw§ 
oxychloride,  with  evolution  of  hydrogen  sulphide,  but  no  definite  products  of  tbt 
reaction  have  been  obtained.  Heated  with  pho^horus  pcntachloride  it  yields  pants* 
ehlorethane,  according  to  the  equation — 

CC1«!cH0hI^  +   3PC1»  =   2HC1   +   2PCP0  +   PC1«S  +   2(CXJI«.CHC1»). 

With  phosphorus  trichloride  it  appears  also  to  yield  pentachloretbane,  and  with 
potassium  (^'anide  it  forms  thiocyanate. 

Heated  m  a  reflux  apparatus  with  acefpl  chloride^  it  yields  tlie  diacetjl-deriva- 
tive,  [CCl*— CH(0C*H''0)2]^  which,  after  separation  by  water  and  washing,  fonM  so 
unctuous  mass,  and  may  be  obtaine<l  by  rocrystallisation  from  alcohol  in  fine  prismatie 
cr^'Ktals.  It  melts  at  78°,  dissolves  easily  in  benzene  and  chloroform,  is  nearly  is- 
soluble  in  water,  and  is  not  attacked  at  ordinaiy  temperatures  by  acids  or  alkalii 
(Wyes). 

When  a  dilute  aqueous  solution  of  chloral  hydrate  is  treated  with  hydngn 
sulphide,  an  oily  fetid  liquid  is  formed,  which  appears  to  be  a  mixture  (Wyss). 

CBXiOKAXi-AaiMOWZA,  CHCPO.NH'  =  Cl'O  —  0H<^5r   To  prepaie  this 

compound,  anhydrous  chloral  is  dissolved  in  1^  times  its  weight  of  dry  chlarofoiB; 
the  solution  is  cooled  in  ice ;  and  a  rapid  curr(>nt  of  ammonia  is  passed  into  it»  till  thr 
whole  suddenly  solidifies.  The  mass  is  then  thrown  upon  a  vacuum  filter,  to  f^  it 
from  chloroform,  washed  with  other,  and  spread  on  paper  to  dry.  Chloml-HiniBonia 
thus  obtained  is  nearly  pure.  It  is  a  dazzling  white  body,  n^nrly  insoluble  in  wntfr, 
t:paringly  mjIuUo  in  ether  and  chlorufurm,  melting  at  G2°-G4*^. 
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Mmuuxtyl'chloraUammonia^  ^^'^""^^^NHfCH'O^    formed   by  the  action    of 

•eetjl  chloride  or  acetic  anhydride  on  chloral-ammonia,  crystallises  from  hot  water  in 
thin  rhombic  plates  which  melt  at  156°,  and  are  soluble  in  alcohol,  but  insoluble  in 
ether. 

Diaeetyl-chloral-ammonia,  01*0 — ^R^^TT^n-iEisoy  '^^  formed  by  heating  the  last 

compound  to  120°  in  sealed  tubes  witli  acetyl  chloride,  and  separates  from  the  resulting 
•olntion  on  cooling  as  a  white  crystalline  mass,  soluble  in  ether  and  in  glacial  acetic 
acid,  and  crystallising  from  the  latter  in  large  transparent  prisms  which  melt  at 
117^-118°.  It  is  instantly  decomposed  by  water  into  acetic  acid  and  monacetyl- 
chloral-ammonia : 


OXLOKAXi-AWZ&XBa,  »BaWTXJLMZBOCB]LOaA&,  or  BZCH&0&. 
AOSTAWZ&ZBB,  C'H'a'NO  =  (C«H»)HN— CCl»-CHO  -  NH(0«H»XC»HC1«0). 
Chloral  cyanido-cyanate  (p.  439)  dissolves  in  aniline  with  great  rise  of  temperature 
and  eTolution  of  hydrogen  cyanide,  forming  a  greasy  substance  which,  on  admtion  of 
alcohol,  solidifies  to  a  crystalline  mass  consisting  of  chloral-anilide.  The  reaction  is 
represented  by  the  following  equation  : 

C»H»C1«N*0»  +   C^H'N  +  HK)  -  C»H'H)1«N»0« 
«  C«H'C1«N0   +   CO*  +   CNH  -^   NHHUl. 

Chloral-anilide  is  also  formed  when  aniline  hydrochloride  is  added  to  a  mixture  of 
chloral  hydrate  and  potassium  cyanide  and  cyanate.  It  dissolves  sparingly  in  water, 
easily  in  ether-alcohol,  carbon  sulphide  and  glacial  acetic  acid,  and  crystallises  from 
the  solutions  in  needles.  From  a  mixture  of  ether  and  alcohol  it  separates  in  large 
tabular  crystals,  which  are  transparent  and  colourless  at  first,  but  turn  red  on  ex- 
posure to  the  air.  These  crystals  are  monoclinic;  a  I  h ',  <?»  0*8516  :  1  :  0*8957. 
Aittle  a<7  =  68°  12'.  They  are  always  prismatically  developed  in  the  direction  of  ooP, 
and  cleave  in  the  same  direction. 

Chloral-anilide  melts  at  117^»  gives  off  when  heated  the  characteristic  odour  of 
nhenyl  isocyanate,  but  sublimes  partly  undecomposed  in  long  needles.  Hot  acids 
oissolye  it,  forming  solutions  from  which  it  crystallises  in  needles  on  addition  of 
water.  Boiling  alkalis  convert  it  into  an  isonitril  (Cech,  DetU.  Chem,  Ges.  Bet. 
ix.  387). 

OX&omAXi,  BUrrmzC,  C<HHn'0«CCl».CH».CH«.CHO  (Pinner,  LiAig's 
AMnalen,  €ixixx.  21;  Deut,  Chem,  Gee.  y?«r.  viii.  1561).  This  compound,  produced 
under  certain  conditions  by  the  action  of  chlorine  on  acetaldehyde  {2nd  Suppl.  35,  and 

L60  of  this  volume),  was  formerly  regarded  as  crotonic  chloral,  C^H'Cl'O^  but 
I  been  shown  by  Pinner's  latest  researches  to  have  the  composition  above  given. 
When  treated  with  caustic  alkalis  it  is  converted  into  dichloropropylene  or  allylene- 
dichloride,  C^B.*C[\  and  this,  when  acted  upon  by  sodium,  yields  allylene,  C'H\  which 
is  absorbed  by  bromine,  forming?  a  tetrabromide,  and  this  latter  decomposed  by 
potash  gives  up  HBr,  and  is  converted  into  tribromopropylene : 

C»H*C1»   +   Na«  «   2NaCl   4-   C»H« 

C»H*  +  2Br»  -  C»H«Br« 
C«H«Br<  —  HBr  -  C"H»Br» 

Butyric  chloral,  dissolved  in  alcohol  and  treated  mth  potasHum  cyanide,  yields  an 
ethyUc  ether  boiling  at  176°- 178°,  which,  when  heated  to  140°-ld0°  with  strong 
hydrochloric  acid,  is  converted  into  an  acid,  said  to  be  monochlorocrotonic  iicid. 
C^*C10'  (Wallach  a.  Boehrin^r,  Deut.  Chem,  Ges.  Ber.  vi.  1539) ;  but  as  the  chloral 
itself  has  been  shown  to  contain  5  instead  of  3  atoms  of  hydrogen,  it  is  most  probable 
that  this  acid  is  really  chlorobut^ric  acid,  C^H'CIO^  its  formation  from  butyric 
chloral  being  analogous  to  that  of  dichloracetic  acid  from  ordinary  chloral. 

Compounds  of  Butyric  Chloral. — This  compound  unites  with  footer^  forming  a 
hydrate  melting  at  78°,  and  much  more  readily  with  alcohol,  to  form  an  oily  body, 
which  is  resolved  by  distillation  into  its  constituents.  The  formation  of  alcoholato 
takes  place  even  on  adding  alcohol  to  the  solid  hydrate.  Butyric  chloral  combines 
also  with  ammonia  and  organic  ammonium-bases ;  but  thf^  compounds  thus  formed, 
onlike  the  fine  crystalline  bodies  obtained  with  ordinary  cliloral,  are  thick,  turpentine- 
like and  uncrystallisable.  With  amides,  however,  it  yields  beautifully  crystallised 
products,  which  are  obtained  either  by  boiling  an  alcoholic  solution  of  butyric  chloral,  or 
of  the  hydrate,  with  an  amide,  or  better  by  gently  fusing  the  hydrate  with  the  amide. 
The  compound  with  acetammk,  C*EK)l'O.Cm*0.mV,  mult^  at  170° ;   that  with 
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henzamufe,  C*H*a»O.C'H*O.NH*,  melts  at  ldO*> ;  both  are  fldublo  in  aleohol,  Int  Mt 
in  water. 

Butyric  chloral,  when  boiled  with  acetic  anhydride,  yields  an  oil  boilti^  wiik 
partial  decomposition,  at  240^-250^  With  acetyl  chloride  it  combines  tofKininaily 
body,  distilling  at  220°,  not  decomposible  by  water  at  ordinary  tempentnra^  tid 
having  the  formula  C*H»C1»0.C*H«0C1. 

Hydrocyanideof Butyric  C5Wom^,C<H»Cl»O.HON  -  CC1«— CH*— CH«-;-CHOH-CK, 
is  formed  by  adding  hydrocyanic  acid  to  an  alcoholic  solution  of  batj^ne  chlonL  Ai 
the  hydrocyanide  is  but  slightly  soluble,  much  of  it  separates  as  the  digestion  pneiedi, 
forming  a  yellow  oily  layer  at  the  bottom  of  the  flask,  and  the  rest  may  be  obtniad 
by  evBporating  the  supernatant  liquid.  On  cooling,  the  oil  solidifies  to  a  oy^liniie 
mass,  which  may  be  purified  by  rccrystallisation.  It  dissolyes  with  dilBeiiltf  is  eoU 
water,  more  readily  m  hot  water,  and  still  bettor  in  alcohol  and  ether.  It  mdti  it 
10P-102°,  is  less  volatile  in  vapour  of  water  than  the  coiremponding  chkml  eoa- 
pound  (p.  438).  It  dissolves  in  hot  dilute  hydrochloric  add,  and  erystidlises  oat  aadB 
unchanged  on  cooling.  Bv  alkalis  it  is  decomposed  similarly  to  the  oom^oadiig 
chloral  compound,  the  products  being  dichloropropylene,  dichlorallylene,  fbnnie  sod, 
and  hydrocyanic  acid.  By  digestion  for  a  day  with  concentrated  hydrochlorie  acid 
the  hydrocyanide  is  converted  into  trichlorovalerolactic  acid,  OVCPO' 
(originally  supposed  to  be  trichlorangelactic  acid,  0*H^C1'0'),  just  as  oidinaij  cUonl 
is  converted  into  trichlorolactic  acid,  CH'Cl'O*, 

OH»Cl«0jaCN  +  HQ  +  2H«0  =  NH<a  +  O'H'Cl'O*. 


On  the  bye-products  formed  in  the  preparation  of  Butyric  Chloral, 
(pp.  60,  61). 

CBXiOaA&,  BSXOZC,  or  CAPROZC,  0^*01*0  =  00I*.OH*.GH0  (Rmw, 
DeiU,  Chem,  Gee,  Ber,  x.  1052).  This  compoimd  is  obtained  by  fractional  distilla- 
tion of  the  higher  boiling  portions  of  crude  butyric  chloral  (p.  51),  8  mola.  of  alde- 
hyde being  probably  first  condensed  to  form  the  compound  0*11*0,  which  then  tsk« 
up  HCl  and  a»to  form  C«H»C«0.  It  boils  at  212<»-214%  but  has  not  yet  beca 
obtained  quite  free  from  butyric  chloral.  It  is  insoluble  in  water,  bnt  mixes  ia  sU 
proportions  with  alcohol,  ether,  and  benzene.  It  does  not  form  a  solid  hydrate  with 
water,  or  a  hydrocyanide  with  prussic  acid,  but  is  decomposed  by  alkaline  chkrid« 
yielding  a  formate  and  a  chloride  of  alkali-metal,  and  an  organic  chloride,  OHHIP. 
When  mixed  with  fuming  nitric  acid  it  is  converted  in  the  course  of  a  ISbw  horn  inte 
a  trichlorocaproic  acid,  which  separates  as  an  oil  when  themixtnreis  poaredinto 
a  considerable  quantity  of  water,  and  afterwards  solidifies.  This  add  is  extremdy 
Hohible  in  alcohol,  ether,  and  benzene,  somewhat  loss  soluble  in  light  petrolenm,  sm 
is  precipitated  as  a  fine  crystalline  powder  on  adding  the  latter  to  a  saturated  solatioi 
of  the  acid  in  benzene.  It  melts  at  64°  and  turns  brown  at  higher  temperstani. 
The  melting  point  of  the  pure  acid  would  probably  be  higher.  This  chlorocspnie 
iicid  is  strongly  attacked  by  zinc-dust  in  presence  of  water,  and  if  hydrochloric  sod 
be  then  gradually  eulded,  the  surface  of  the  zinc  becomes  covered  in  a  few  days  witk 
long  flat  needles  of  a  hexylenicacid,  CH*'0^  melting  at  39^.    See  HnTUon 

COMFOUMDS. 

CB&ORAXJOIB,  0*HH)1«0>.    This  compound  is  produced  bj  the  acftioa  of 

f^miing  sulphuric  add  on  chloral  or  its  hydrate.  Kekule  prepared  it  by  heating  diknl 
hydrate  with  an  equal  volume  of  fuming  sulphuric  acid  (i.  884).  Aoeordiiv  to 
Qrabowsky,  however  {Dettt.  Chem.  Gee.  Ber,  viii.  433),  this  proportion  of  snlpDinM 
acid  is  much  too  large,  chloral,  when  digested  in  a  water-bath  with  an  equal  vohsM 
of  fuming  sulphurio  add,  bdng  wholly  resolved  into  carbon  oxide  and  hydroddorie 
add: 

C^HCPO  +  S'^O'H'  =   200  +    3HC1  +   2S0«. 

Tlie  best  proportions  for  the  preparation  of  chloralide  are  1  pt  of  fuming  solpbone 
acid  to  3  pts.  of  chloral,  the  reaction  then  taking  place  as  follows,  provided  the  tes- 
pcrature  be  not  allowed  to  rise  above  105°  : 

3C«HC1>0  +  S=0'H2  :=i  C*H*C1«0»  +   2S0-C1(0H)  +   HCl   +    CO. 

At  higher  temi)eratures  a  somewhat  different  action  occurs,  the  chloride  SKMl' 
being  obtained  instead  of  sulphuric  hydroxychlcridc  : 

6C«HC1»0  +   2S»0'H«  «   C*H201«0«  +   2S20KJ1*  +   8HC1   +   700. 

With  larger  proportions  of  chloral  the  substances  react  in  the  manner  shown  hy  tbs 
following  equations : 

8C»H01»0  +  S«Om«  =  3C*H=CW  +  ^^O^Cl^  +   4HC1   +  CO 
lOC-UCVO  +  6=0'E-  »  -iC'll'CW^  +  i5-0*Cl-  +  4HC1 
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Chloralide  is  also  formed  BjDthetieally  by  heating  trichlorolactic  acid  with  anhy- 
drons  chk>ral  to  150^-160°  for  seyeral  hours  in  a  sealed  tnbe.  This  reaction,  repre- 
sented by  the  following  equation,  shows  that  chloralide  is  the  trichlofetkidenic  ether  of 
iricioroUiciie  aoid : 

CCl«.CH<^^^^  +  CCl'.COH  =  Ca«.CH<^^~^CH.OCl«  -^  WO 
TMohlorolaotto  aoid.  Ohloral.  GhlonOide. 

Laetio  acid  and  chloral  under  similar  conditions  yield  triehlorethidenio  lactate, 
CH".CH<^Q ^^>0H.0C1«  (Wallach  a.  Heymer,  Deut.  Chem,  Ges,  Ber,  ix.  676). 

Chloralide  crystallises  from  alcohol  in  long  prisms  haying  a  faint  odour  which 
becomes  pungent  on  heating.  It  melts  at  1H°>115°  and  boils  at  268°  under  a  pres- 
sure of  784  mm.  Vaponr^ensity  =  11*30  (calc  11'16\  It  dissolves  in  fuming 
nitric  add  at  the  boiling  heat,  and  crystallises  out  unaltered  on  cooling.  Heated 
with  water  for  several  days  to  200°,  it  decomposes,  with  partial  carbonisation,  and 
formatioin  of  hydrochloric  acid,  carbon  monoxide,  and  carbon  dioxide.  Heated  to  180° 
for  several  hours  with  aniline^  it  yields  a  red  mass  containing  a  large  quantity  of 
aniline  hydrochloride  (Chrabowsky). 

When  an  alcoholic  solution  of  chloralide  is  left  to  itself  for  some  months,  or 
heated  for  a  short  time  in  a  sealed  tube,  it  is  completely  resolved  into  chloral  alcoho- 
late  and  ethylic  trichlorolactate.  This  reaction,  which  confirms  the  view  above  given 
of  the  constitution  of  chloralide,  is  represented  by  the  following  equation : 

ca«.CH<^^-^flc.ca»+^§t^2"^^*-^^<oc«H»  +  cia«.cHOH.cooc»H« 

OblonUde.  Alcohol  Chloral  Alcobolate.         Ethylic  Triohlarolactate. 

(3  moL) 

(Wallach,  Deut.  Chem,  Get,  Ber,  viii.  1768). 

When  chloralide  is  treated  with  zinc  and  hydrochloric  acid,  in  |>resence  of  alcohol, 
rise  of  temperature  being  prevented  as  much  as  possible,  aldehyde  is  formed,  together 
with  a  firagrant  liquid,  which,  after  removal  of  tne  alcohol  by  distillation,  and  super- 
■atnration  with  hydrochloric  acid,  may  be  dissolved  out  by  agitation  with  ether,  and 
when  freed  from  ether  by  evaporation,  deposits  an  abundant  crop  of  crystals  consisting 
of  dichloracrylic  acid,  U^HK^'O^,  the  mother-liquor  retaining  ethers  of  organic 
acids,  together  with  other  products  not  vet  examined.  The  formation  of  aldehyde 
and  dichloraciylic  add  may  be  represented  by  the  equation : 

C»H»a«0«  +   4H»  =   CE*0   +  C«H*a«0«  +   4Ha 

(Wallach,  toe,  cit,) 

Compounds  analogous  to  chloralide — trichlorethidenic  ethers — are  formed 
by  the  action  of  anhydrous  chloral  on  the  trichloro-derivatives  of  various  oxy-acids 
(Wallach  a.  Hansen,  Jkut,  Chem.  Gee.  Ber,  ix.  1214). 

Mandelic     Chloralide    or    Trichlorethidenic     Mandelate,    C>*H^Ci'0*  » 
C^*.CH^no  Q^CH.CCl',  from  chloral  and  mandelic  acid,  forms  small  white  crys- 
tals, melts  at  69°,  and  boils  with  partial  decomposition  between  805^  and  310^.    It 
is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether,  and  usually  separates 
there&om  in  the  form  of  an  oil. 

Tartaric  Chloralide,  Q^B.*CiH)*^0C\},CR<^2^^^^    ^5::::^^CH.CC1« 


HC CH 

crystallises  in  small  needles  melting  at  I22°-124^,  and  cannot  be  distillud  without 
decomposition.    It  is  insoluble  in  water,  soluble  in  warm  alcohol  and  ether. 

Malic  Chloralide,  G^BH^^O^^CCWCR^Uy—O^O  is,  according  to 

HC—CH*— COOH 
its  composition,  a  monobasic  acid,  and  reacts  as  such.    It  forms  fine  crystals  melting 
at  187*^-138°,  dissolves  sparingly  in  cold,  easily  in  hot  water,  and  crystallises  there- 
from  in  delicate  needles. 


CBXiOmamSXVXMZBB,  CkH^^CI'NH)*.  When  this  compound,  formed  by 
the  action  of  ammonia  on  dichlorhvdrin  (2nd  Suppl.  318)  is  subjected,  in  portions  of 
25  to  30  grams,  to  dry  distillation  in  small  retorts,  considerable  decom^)08ition  takes 
place,  nttfndpd  with  nbunclant  sepnnition  of  cliarcoal,  and  a  liquid  distils  over  which 
iifpar»t«s  into  two  layers,  the  lower  eonsii^iin^  of  <in  )iqii(K>U8  solution  of  animouiuni 
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chloride  and  carbonate,  while  the  npper,  which  is  in  yeiy  small  quaatitf, 
of  a  dark  brown  viscid  oil.  This  oil  is  a  base  which  dissolves  in  ether  and  in  hjdn- 
chloric  acid,  and  from  its  odonr  and  the  characters  of  its  platinum  double  att^ 
appears  to  be  related  to  conine  and  nicotine  (Clans  a.  Dorrenbezg,  Ihut,  GmtL  Gn, 
Her.  viii.  244). 


The  method  described  by  P.  Cnrie  (p.  65)  fbr  pnparfa^ 
alnminium  chloride,  by  passing  a  mixture  of  hydrochloric  aad  gas  and  npoar  uf 
carbon  snlphide  over  heated  alumina,  may  be  applied  to  the  preparataon  of  other 
metallic  chlorides. 


Preparation  of  the  Chlorides  of  Alkali-^netals  from  the  oorreepondimg 
When  aqueous  solutions  of  an  alkaline  sulphate  and  ammonium  eUoride  an  e?i^ 
rated  in  a  ^rcelain  crucible  and  gently  heated,  the  ammonium  chloride  nay  be 
volatilised  without  any  mutual  reaction ;  but  if  they  are  more  stron^y  heated  ia  • 
platinum  crucible,  the  decomposition  is  nearly  complete  after  ammoniiim  chloride  his 
been  added  fourteen  to  sixteen  times.  At  a  low  red  heat  the  deoomporitiM  ii 
thorough,  but  at  a  bright  red  heat  some  of  the  sodium  chloride  is  Tolatiliaed.  The 
sodium  or  potassium  chloride  should,  therefore,  not  be  fused  (C.  Phillips,  Zelitckr.md. 
Chem,  1874,  149). 

ConstittUum  of  Hydrochloric  Acid  and  MetaUio  Chlorides. — J.  Thomsenendeafoni 
to  show  that  aqueous  hydrochloric  acid  very  probably  contains  a  hydrate  of  the  cm- 
position  H'O.IICl ;  that  this  hydrate  must  be  looked  upon  as  the  real  acid  mojeeale; 
and  that  consequently  the  chlorides,  i.e.  the  hydrated  chlorine-compounds,  of  the 
metals,  which  contain  the  elements  of  a  molecule  of  water  for  eveiy  atom  of  ehloriae 
in  them,  must  be  regarded  as  anhydrous  salts  of  hydrochloric  acid. 

His  investigations  are  based  on : — 

(1.)  The  isomorphism  of  the  hydrated  chlorine-compounds  with  other  aalti^  wfasa 
the  former  contain  a  molecule  more  of  water  than  the  latter  for  each  atom  of  chloriit 
in  them. 

(2.)  The  specific  gravity  and  specific  heat  of  the  aqueous  acid. 

(3.)  The  heat-phenomena  observed  when  hydrochloric  acid  gas  ia  absorbed  hj 
water,  as  well  as  when  the  aqueous  acid  is  mixed  with  water. 

For  the  details  of  the  investigation,  see  Poffff,  Ann,  JtU>eUHmd,  18^149;  CksL 
Soc.  J.  1874,  952-959. 

A  crystallised  hydrate  of  hydrochloric  acid,  HC1.2H*0,  has  been  obtaiisd 
by  Pierre  a.  Puchot  {Compt.  rend.  Ixxxii.  45).  Strong  commerdal  hjdzochlorie  acid 
may  be  kept  at  a  very  low  temperature  without  any  change ;  but  when  a  oontumoas 
current  of  nearly  dry  hydrochloric  acid  gas  is  passed  into  the  cooled  liqoid,  an  aboa* 
dant  deposition  of  crystals  soon  occurs,  and  at  the  same  time  the  tempentnze  lisM 
from  — 22^  to  — 18°,  remaining  stationary  at  this  last  point  during  the  formataon  of 
the  crystals.  These  crystals  decompose  rapidly  in  the  air,  emitting  white  fbnos; 
they  distil  in  water  very  quickly  at  ordinary  temperatures,  very  slowly  at  — 18^. 
The  synthesis  of  the  hydrate,  performed  with  distilled  water,  shows  that  the  weigjht 
of  the  separated  crystals  is  about  1^  times  that  of  the  water  employed,  and  that  the 
water  has  taken  up  about  its  own  weight  of  hydrochloric  acid :  hence  the  fbrrnib 
above  given,  which  is  also  confirmed  by  analysis.  The  form  of  the  czyitals  has  not 
been  exactly  determined,  but  they  appear  to  resemble  ordinary  soda-ciyst^. 

Purification  of  Hydrochloric  acid  from  Arsenic. — Instead  of  the  method  intnediBid 
by  Bettendorff  {Ist  Suppl.  217),  consisting  in  the  use  of  stannous  chknrideb  H. 
Hager  proposes  to  dilute  the  acid  to  1'13  sp.  gr.,  then  digest  it  with  copper  at  80^,  and 
distil.  Diez  saturates  the  acid  of  sp.  gr.  1*13  with  hydrogen  sulphide,  and  after  the 
precipitated  arsenious  sulphide  has  subsided,  distils  the  liquid  as  long  as  the  distiOitt 
smell^  of  hydrogen  sulphide  (Chem,  Centr,  1872,  418). 

Engel  (Compt.  rend.  Ixxvi.  1139)  adds  4  or  6  grams  of  potassium  hypemkospkUsto 
each  litre  of  the  acid ;  the  arsenic  soon  becomes  reduced,  and  when  it  is  all  deponted, 
the  dear  acid  can  be  decanted  and  distilled.  Potassium  hypophosphite  may  be  used 
as  a  test  for  the  presence  of  arsenic  in  hydrochloric  acid,  the  reduction  takii^  pbes 
immediately  on  the  application  of  heat.  Hagcr  (Chem.  Centr.  1874,  98)  adds  0-4  to 
0'5  grm<  potassium  or  sodium  hypophosphite  to  100  grams  of  the  acid,  and  aftor 
gentle  warming,  whereby  the  arsenic  is  ^ecipitated,  filters  the  liquid  thioqgh  sud ; 
a  small  quantity  of  potassium  chlorate  is  then  added,  and  after  the  lapse  of  a  di^, 
the  slight  excess  of  free  chlorine  is  removed  by  digestion  with  strips  of  copper. 

To  detect  arsenic  in  hydrochloric  acid,  J.  !d.  Oster  (Zeitschr.  anal,  Ckem,  zL  46S) 

boils  the  acid  with  strips  of  tm-foil,  and  leaves  the  liquid  to  cooL     A  trace  <^  aneaie 

colours  the  liquid  and  Btaina  \!hQ  Xau.    W.  mwaX.\^  ^«er^«^^\tfar«^^«t^^aaX* 

appearance  is  produced  by  tKe  "gteaeince  ol  ierrvt  ^^\qtv^^. 
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Preparation  of  J&oohdic  Chlorides. — The  chlorides  of  methyl  and  ethyl  are  easily 
prepared  in  considerable  qnantity  by  dissolving  1  pt.  of  zinc  diloride  in  2  pts.  of  the 
corresponding  alcohol,  and  boiling  Uie  solution  in  a  flask  proyided  with  reflux  appa- 
ratus, while  a  stream  of  hydrochloric  acid  gas  is  kept  passing  through  it.  The  alco- 
holic chloride  wiiich  passes  over  is  purified  by  washing  with  water.  Amyl  chloride 
may  be  prepared  in  a  similar  manner  (G^yes,  Chem.  Soe.  J,  1874,  636). 

Schorlemmer  (ibid.  1875,  308)  finds  that  the  method  is  not  applicable  to  the 
preparation  of  the  chlorides  of  the  higher  alcohols.  Primary  hep^l  alcohol,  treated 
as  above,  yielded  a  mixture  of  primary  and  secondary  heptyl  chlondes  together  with 
beptylene,  and  a  high-boiling  bquid,  probably  consisting  of  condensed  heptylenes  or 
di£ny^lio  ether,  or  a  mixture  of  both.  Amyl  alcohol,  treated  in  like  manner,  also 
yidded  a  mixture  of  primary  and  secondary  amyl  chloride. 

Preparation  of  the  Chlorides  of  Acid  Radicles. — These  chlorides  are  usually  pre- 
pared by  treating  the  fatty  acids  with  trichloride  or  pentachloride  of  phosphorus ; 
but  as  Uie  preparation  of  these  phosphorus  chlorides  is  difficult  and  costly,  Kanon- 
nikoff  {IMi^s  Aanalen,  clxxr.  378)  proposes  to  replace  them  by  the  oxychloride 
POCl',  which  occurs  as  a  bye-product  in  many  reactions.  Bv  treating  acetic  acid 
with  the  oxychloride,  and  fractionating  the  product,  he  obtained  nearly  pure  chloride 
of  acetyl :  butyric  acid  treated  in  like  manner  yielded  butyryl  chloride :  succinic  acid, 
however,  yielded,  not  succinyl  chloride  but  succinic  anhydride. 


On  Deacon's  method  of  preparing  Chlorine,  aod  the  causes  which 
intarfere  with  its  success,  see  Hasendever  (2>eu/.  Chem,  Gee.  Ber.  1874,  2 ;  Dingl.  pol. 
J.  ccxi.  195;  Jahresb,  f.  Chem.  1874,  1098);  Lunge  {JDewt.  Chem.  Gee,  Ber.  1874, 
1526;  Jdhretb,  1874,  1111);  Jurisch,  {Dingl.  pol,  J,  ccxxi.  866,448;  ccxxii.  366; 
Jakresb.  1876,  1081 ;  Chem,  Soc.  J.  1877,  i.  350). 

According  to  Lam^  (Bull.  Soc.  Chvm.  [2],  xx.  2),  all  compounds  of  copper,  iron, 
manganese,  and  chromium,  also  porcelain,  pumice,  sUica,  glass  (all  of  which  probably 
contain  traces  of  the  elements  just  mentioned)  are  capable,  when  a  stream  of  hydro- 
chloric acid  gas  and  air  is  passed  over  them  at  high  temperatures,  of  inducing  the 
oxidation  of  the  hydrochloric  acid  to  water  and  chlorine,  the  quantity  of  free  chlorine 
thus  obtained  depending  on  the  conditions  pointed  out  by  Deacon.  With  copper  the 
most  suitable  temperature  is  440^ ;  with  compounds  of  manganese,  iron,  and 
chromium,  higher  temperatures.  Pumice,  glass,  and  porcelain,  give  less  chlorine  the 
purer  they  are ;  thus  crude  pumice  gives  15  per  cent,  chlorine  at  440°,  30  per  cent,  at 
a  red  heat ;  purified  pumice  much  less. 

De  Lalaiide  a.  Prudhomme,  on  the  other  hand  (Bull.  Soe.  Chim.  [2],  xx.  74),  are 
of  opinion  that  the  decomposition  of  hydrochloric  acid  which  takes  place  on  passing 
that  gas  mixed  with  air  over  heated  mixtures  of  alkaline  chlorides  with  boric  oxide, 
silica,  &c.  (2nd  Suppl.  321),  does  not  depend  on  the  contamination  of  those  bodies 
with  ferric  salts,  &c.,  but  that  the  alkaline  chlorides  are  converted  by  the  oxygen  of 
the  air  at  a  red  heat  into  oxides,  with  evolution  of  chlorine,  the  oxides  being  then 
recouTerted  into  chlorides  by  the  actions  of  the  hydrochloric  acid,  so  that  a  continuous 
evolution  of  chlorine  takes  place. 

TeesU  du  Moihaiifs  Method. — ^A  stream  of  hydrochloric  acid  gas  ^  passed  into  a 
retort  containing  manganese  dioxide  and  chalk,  kept  at  a  dull  red  heat,  whereby 
chlorine  and  watery  vapour  are  evolved ;  and  the  chlorine  is  parsed  into  water,  or  into 
a  chamber  where  (uy  hypochlorites  are  to  be  prepared.  A  stream  of  air  being  now 
passed  over  the  residue  in  the  retort  at  the  same  temperature,  the  chlorine  which  had 
gone  to  form  odcium  chloride  (or  manganous  chloride)  is  set  free,  and  is  conducted 
(mixed  with  air  as  it  is)  into  stoneware  vessels  containing  chalk  and  manganous 
oxide  suspended  in  water;  manganic  oxide  and  calcium  hypochlorite  are  thus  produced, 
together  with  calcium  chloride.  This  mixture  treated  with  hydrocliloric  acid 
erolyes  pure  chlorine.  The  residue  in  the  vessel  (manganous  chloride  and  calcium 
ehloride)  heated  with  excess  of  lime,  and  freed  from  calcium  chloride  by  washing, 
gives  soain  the  original  mixture  of  manganous  oxide  and  lime,' into  which  fresh  sup- 
plies ofchlorine  mixed  with  air  may  be  conducted. 

The  calcium  chlonde  is  transformed  by  the  action  of  magnesium  carbonate  into 
magnesium  chloride  (which  again  yields  hydrochloric  acid)  and  calcium  carbonate. 
The  chlorine  produced  by  this  method  is  said  to  be  very  pure  (Dingl.  pol,  J, 
Gcv.  859). 

An  apparatus  for  the  evolution  of  chlorine  on  the  laboratory  scale  is  described 
by  A.  Orlewsky  (Zeitscla^.  anal.  Chem.  1872,  38  ;  Chem.  Soc.  J.  1872,  96). 

Purification. — To  purify  chlorine  gas  f^m  hydrochloric  acid,  which  always  ac- 
companies it  when  prepared  by  the  onlinary  methods,  F.  Stolba  (C%«m.  Centr,  1874, 
JJ6)  washes  the  gas  with  a  tolerably  concentrated  solution  of  CUpnc  8u\.^\A\i&,«Xk<i^Ti^^ 
with  water.     The  chlorine  is  maae  to  pass  over  the  copi^  BoViUoTk  ?WR  iJlonVj 
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possible,   and   into    the  solution   are  thrown  nnmeions   pieces   of 
which  float,  thus  affording  a  laige  surface.    A  cupric  sulphate  solution  has  a  mnu 
tendency  to  absorb  hydrochloric  acid,  cupric  chloride  b«ing  formed  and  snliimfie 
acid  liberated.    The  dilorine  passes  on  unaffected. 

E8timation.^AocoMDg  to  B.  Messel  (Zeitsekr,  emal,  Chenu  1878,  188),  Oit 
estimation  of  chlorine  or  hydrochloric  acid  by  means  of  a  standard  silTW  nlotioa, 
with  potassium  chromate  as  an  indicator  (Mohr's  method),  cannot  be  applied  if 
sulphurous  acid  is  present,  since  the  final  reaction  does  not  take  place  till  du  whob 
of  the  sulphurous  add  has  been  precipitated  as  silver  sulphite.  Aecordiiv  to  0. 
Lunge,  however  {ibid,  424),  if  the  sulphurous  acid  be  previously  oxidised  to  soJ^jilnrie 
acid  by  means  of  permanganate  solution,  Mohr*s  method  may  be  applied  wiUmi 
diminution  of  the  sharpness  of  the  reaction. 

As  potassium  chromate  is  often  contaminated  with  chlorides,  A.  B^  Leeds  {Amer. 
Chemist,  1873,  453)  recommends  that  in  performing  a  number  of  comparative  aaaljiM 
by  the  above  method,  tho  chromate  should  be  added  always  in  the  same  Tolnns. 

Stolba  {Chem,  Centr.  1874, 122)  recommends potasaio-ealcic  ekromaie  as anindiator 
in  Mohr  8  method.  To  prepare  it,  potassium  dichromate,  fteed  from  all  tness  cf 
chlorine  by  recrystallisation,  is  dissolved  in  eight  times  its  weight  of  water  and  histad 
to  boiling.  To  the  hot  solution  well-washed  calcium  hydnUe  is  added,  till  U» 
solution  has  attained  a  pure  yoUow  colour,  and  in  consequence  of  ezeass  of  liiai 
a  pellicle  or  skin  of  calcium  carbonate  is  formed  on  the  sn^hce  of  the  liqaid  yrbm 
blown  upon.  The  hot  solution  is  filtered,  and  concentrated  by  slow  evnporatiao, 
whereby  the  excess  of  lime  is  separated  as  carbonate;  or  carbon  dioxide  may  bepsaed 
through  the  hot  solution,  in  which  case  great  care  must  be  taken  to  wash  tns  gu 
thoroughly.    The  decanted  solution  is  ready  for  use. 

On  Bohlig's  Volumetric  Method,  see  Arch,  Pharm,  [8],  iii,  122 ;  Ckem.  Soe,  J, 
1874,  815. 

Clilortne  Bydrate.  This  compound,  formed  by  the  action  of  chlorine  on  wite 
at  0°,  is  regarded  sometimes  as  G1MOH<0,  sometimes  as  H0CLH01.9HK).  On  the 
former  supposition,  the  hydrate,  when  treated  with  mercury,  should  yield  msreuom 
chloride,  just  as  free  chlorine  does.  It  has,  however,  been  shown  by  Gopnsr  (DM. 
Chem,  Ges.  Ber.  viii.  287),  that  the  product  formed  in  this  reaction  is  chiefly  msreirie 
chloride,  a  small  portion  only  of  this  compound  being  reduced  to  merenzons  chloride 
by  the  excess  of  mercury  present.  This  result  is  in  £fivour  of  the  latter  view  of  the 
composition  of  chlorine  hydrate,  the  mercury  being  supposed  in  the  first  instanoe  to  set 
upon  the  hypochlorous  acid  in  the  molecule,  forming  mercuric  oxychloride ; 

2H0C1  +  Hg«  =  Hg«Cl«0  +  H«0, 

which  is  then  converted  by  the  hydrochloric  acid  into  mercuric  chloride.  On  this  new 
the  action  of  chlorine  on  water  at  0°  may  be  regarded  as  analogous  to  that  iHiieh  it 
exerts  on  the  alkaline  hydrates : 

OT  +  HOH  =  HCl  +  HOCl 
a«  +   2K0H  =  KCl  +  KOCl  +  H«0. 

On  the  other  hand,  Hugo  Schiff  (ibid,  419)  points  out  that  the  supposition  of  psit 
of  the  chlorine  being  contained  in  the  hydrate  as  hypochlorous  acid  is  inoondstsot 
with  the  following  facts :  (1).  A  saturated  solution  of  hypochlorous  acid  is  qniddj 
decomposed  by  light,  whereas  chlorine  hydrate,  which  contains  nearly  tlie  same  amosit 
of  chlorine,  remains  unaltered.  (2).  The  hydrate  does  not  corrode  or  disoolonr  the 
epidermis  as  it  should  do  if  it  contained  free  hypochlorous  acid ;  an<^  as  shown  bj 
l<araday,  it  acts  on  organic  substances  in  general  *ju8t  like  free  chlorine.  (8).  is 
neither  HCIO  nor  HCl  by  itself  forms  a  definite  hydrate,  it  is  not  probable  thiat  tfasM 
compounds  can  exist  as  such  in  the  hydrate  of  chlorine. 

There  are,  however,  two  facts  which  seem  to  indicate  that  the  hydrate  does  not 
contain  free  unaltered  chlorine^  viz.  (a)  that  in  the  dry  state,  notwithstanding  in 
large  amount  of  chlorine,  its  odour  is  much  fainter  than  that  of  saturated  dikmne- 
water  containing  only  0*7  per  cent,  chlorine  ;  this,  however,  may  perhaps  be  due  to 
the  lower  tension  of  the  chlorine  contained  in  the  hydrate ;  (5)  that  it  has  but  a  tuat 
colour,  whereas  in  most  cases  compounds  of  coloured  bodies  with  water  of  ciystallisa- 
tion  are  more  deeply  coloured  than  the  same  compounds  in  the  anhydrous  stale 
(Schiff). 

Oxides  and  Oxygen-acids. 

Hypoeliloroiis  Oxide,  Acid,  and  Salts.    When  phosphorus  oxychloride  is 

a'ided  by  drops  to  ^tam.um  chlorite,  fi  ^eVVQNH-^T«<&u  tgiis  is  ^ven  off,  which  is  ab- 
8or?->ed   in  large  quantity  \>y  -wblIot  ot  i^\a^,  ivvt\sv\\!i%  \\.>j -^t^tViX^xtk^^  %aW^ 
j)ota8sium  hypochlorite. 
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When  chlorous  oxide,  Ol'O',  is  paued  over  phosphoms  pentachloride,  hypo- 
ohlorous  oxide,  01*0,  is  formed  often  with  violent  explosion  (W.  Spnugy  Deui. 
Ckem,  Qes,  Ber.  1874, 1584). 

Hjpochlorons  acid  is  also  formed  when  oxygenated  water  (containing  2'45  per 
cent.  H*0<)  is  added  to  a  larffe  excess  of  chlorine- water :  CI'  +  H'0> »  2HC10.  With  a 
Urge  quantity  of  hydrogen  dioxide,  oxygen  is  formed  at  the  same  time : 

HCIO  +  H»0«  -  HCl  +  H«0  +   0\ 

Hypochlorons  acid  and  its  salts  are  converted  by  otom$ed  air  into  perchloric 
acid  and  parohlorates  (Fairley,  Jakresb,/,  Chmn.  1874,  210). 

DeUetitm  and  EMtimation  of  Hypoehlorous  aeid  in  presence  of  Chlorine,  Chlorous 
add,  and  Chloric  aeid. — ^Free  hypochlorons  acid  agitated  with  metallic  mercury 
oofiTerts  it  into  mercuric  oxychlonde,  Hg'ClK)  or  HgCl'.HgO,  whereas  free  chlorine 
oonrerts  msircuzy  into  mereurous  chloride,  HgH^'.  Consequently,  hypochlorons  acid 
mixed  with  chlorine  may  be  easily  detected  by  the  more  yellowish  colour  produced  on 
•hifcking  it  with  mercury,  unless  its  (quantity  is  very  small  in  comparison  with  the 
free  duorine.  In  the  latter  case  it  is  necessary  to  decompose  the  oxychlorido  with 
hydrodiloiric  acid,  filter,  and  agitate  the  filtrate  with  mercury.  If  the  hypochlorous 
add  is  in  combination  with  bases,  its  detection  is  even  easier  than  in  the  free  state  : 
for  in  this  case,  agitation  with  mercuiy  gives  rise  to  the  yellow  oxide,  easily  recognised 
by  its  colour,  and  by  its  property  of  stiddng  to  the  sides  of  the  glass  vessel  on  agita- 
tion :  £C10  +  Hg  s  HgO  +  KCl.  Chlorous  and  chloric  acids  when  combined  with  bases 
do  not  act  upon  mercury  (Wolters,  J,vr,  Chem,  [2],  vii.  468). 

These  reactions  may  be  made  tlie  basis  of  a  quantitative  estimation  of  hypochlorous 
add  in  presence  of  free  chlorine,  chlorites,  and  chlorates,  inasmuch  as  by  brisk  agita- 
tion with  excess  of  mercury,  the  whole  of  the  hypochlorous  add  and  its  salts  may  be 
decomposed  in  about  five  minute.  The  mercuric  oxide  formed  in  the  reaction  is 
easily  dissolved  by  hydrochloric  add ;  the  mercury  contained  in  the  filtrate  may  be 
predpitated  as  mereurous  chloride  by  ferrous  salt  and  an  alkali ;  and  the  quantity  of 
mercury  thus  predpitated  gives  by  calculation  the  quantity  of  hypochlorous  acid 
present,  1  atom  of  mercury  answering  to  2  molecules  of  hypochlorous  acid  (HCIO),  or 
to  2  atoms  of  active  chlorine  in  bleaching  powder : 

OaOCP  -i-  Hg  »  CaCl>  +  HgO. 

Free  chlorine  does  not  interfere  with  the  estimation,  since  the  mereurous  chloride 
fbirned  bv  its  action  on  the  mercury  remains  undissolved  on  addition  of  hydrochloric 
acid»  and  may  be  separated  bv  filtration  together  with  the  excess  of  mercury. 
Chlorites  and  chlorates  remain  in  the  filtrate  after  agitation  with  mercury,  and  may 
be  converted  into  mereurous  chloride  by  agitation  with  mercury  and  hydrochloric 
acid. 

The  method  of  analysis  is  therefore  as  follows :  The  solution  is  shaken  for  some 
minutes  with  excess  of  metallic  mercury,  and  the  chlohites  and  chlorites  are  filterpd 
off,  leaving  a  mixture  of  mercuric  oxide,  mereurous  chloride,  and  finely  divided 
mercury.  This  mixture  is  exhausted  with  hydrochloric  acid,  which  dissolves  only  the 
mercuric  oxide,  and  the  mercury  is  precipitated  from  the  filtrate  as  mereurous 
chloride  by  a  ferrous  salt  and  alkali,  and  after  addition  of  acid  is  dried  and  weighed. 
Estimations  of  active  chlorine  in  bleaching  powder  made  in  this  manner  agree  well 
with  those  made  with  ferrous  sulphate  (Wolters). 

Oddnm  Hypochlorite, — This  salt  may  be  separated  ftom  bleaching  powder  in 
feathery  crystals,  having  the  composition  OaClH)*  +  4H'0,  by  exposing  the  filtered 
solution  of  the  powder  to  a  freedng  mixture,  or  by  evaporating  it  in  a  vacuum  over 
sulphuric  add  (kingiett).    See  Bubacbino  Pqwsbb,  p.  383. 

cnuoiio  Aeldf  HCIO*.  A  method  of  estimating  this  add,  founded  on  the  re- 
duction of  chlorates  to  chlorides  by  nascent  hydroffen,  is  given  by  T.  £.  Thorpe 
(Chem,  Soc.  J,  1873,  541).  The  reduction  is  efneted  by  means  of  dnc-foil  which  has 
been  coated  with  finely  divided  copper  by  immersion  in  solution  of  cupric  sulphate 
(Gladstone's  copper-nnc  couple). 

Chlorates  may  be  conveniently  pulverised  for  pyrotechnical  purposes  by  immersine 
panes  of  glsss  in  a  hot  saturated  solution  of  the  salt.  A  fine  deposit  is  then  formed 
on  the  glMS,  which  may  be  scraped  off  with  a  card  (C^awalowski,  J.  pr.  Chem.  [2], 
ix.  240). 

From  experiments  by  G.  Schacherl  (Liebig's  Annalen,  clxxxii.  193)  it  appears  that 
the  action  of  hvdrochloric  acid  on  potassium  chlorate,  or  of  sulphuric  acid  on  a 
mixture  of  the  chlorate  and  chloride,  does  not  give  rise  to  the  formation  of  perchloric 
add,  but  takes  jlace  according  to  the  following  equation : 

2jrc!o*  +  4HCI  -  ci«o«  +  a*  -I-  2KCv  +  m»o. 
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The  eTolation  of  larger  qnantitieR  of  chlorine  hitherto  ohserved  is  due  to  a  seeondaiy 
action  of  the  hydrochloric  acid  on  the  chlorine  tetroxide.  Fare  chlorine  gas  is  nerer 
obtained  by  .the  action  of  hydrochloric  acid  on  potassium  chlorato,  the  seoondazjaetioa 
jost  spoken  of  being  never  oompleto. 

Verohloratea*    The  solnbility  of  potassium  perehlorato  in  water  has  beta  de- 
termined by  Moir  (Chem.  News,  xxxiii.  15),  with  the  following  results : 


T,....,m^.fnT«  Percentage  of  Bp.gr.  of  Qoantllyflf 

Temperature.  lalt  in  solution.  solntion.  quired  far  1  pt  KQO*. 

0®  0706  10005  142-9 

25^  1-92  10123  62*5 

50®  507  10181  15-4 

100<>  15*76  10G603  6*04 

Bitmuth  Perchlarate,  BiO.G10^  is  obtained  by  heating  metallic  bismuth  with 
aqueous  perchloric  acid,  as  a  white  amorphous  powder,  insoluble  in  water,  easily  solu- 
ble in  h^ochloric  and  nitric  acids,  less  soluble  in  sulphuric  acid ;  decompoeed  at  a 
red  heat,  with  formation  of  bismuth  trichloride  (Muir,  loc.  cit.) 

CHXiOSITB.  Pseudomorphs  of  chlorite  after  garnet  are  found  in  all  stagss  of 
transformation,  in  a  chlorite-slate  of  the  Spurr-Mountain  iron  mine,  near  Like 
Superior  (R.  Pumpelly,  8iU.  Am.  J.  [3],  x.  17). 

CBlMIROroslK,  CHa*.  AcHm  of  Sodium.— Wien  chloroform  is  treated  with 
sodium  and  a  small  quantity  of  water,  hvdrogen  and  hydrochloric  acid  are  qvidij 
evolved,  -ndule  caustic  soda,  sodium  chloride,  and  carbon  remain  in  the  tube : 

CHa«   +   3Na  +   H*0  «  2NaCl  +  NaHO  +  H  +   HCl   +    C. 

When  chloroform  and  sodium  were  left  together  for  sereral  days  in  a  loosely  ooTned 
test-tube,  sodium  formate  was  precipiteted  as  a  brown  substance,  which,  when  dried 
over  sulphuric  acid,  became  somewhat  crystalline,  and  whitened  on  exposore  to  the 
air.    The  reaction  is  probably : 

CHC1«  +  4Na  +   0»  =  SNaCl  +   CHNaO« 

(S.  Kern,  Chem.  News,  xxxi.  121). 

Actum  of  the  Copper-einc  Couple, — The  dry  couple  does  not  act  on  chloroform 
either  alone  or  in  presence  of  pure  ether.  In  presence  of  absolute  alcohol^  no  action 
is  observed  at  ordinary  temperatures,  but  at  50^-60°  marsh-gas  is  evolved,  together 
with  a  small  quantity  of  acetylene,  and  chlorethylate  of  zinc  remains  in  the  vessel 
The  relative  quantities  of  these  products  show  that  about  92  per  cent,  of  the  actioo 
may  be  represented  by  the  equation : 

CHCl»  +   3C«H»0H  +   3Zn   =  CH*  +   3Zn|^*^ 

and  a  small  proportion  by  the  equation  : 

2CHC1»  +   3Zn   -   3ZnCl«  +   CPH'. 

In  presence  of  water,  readtion  begins  at  12°  with  slow  evolution  of  gas,  the  tempen- 
turo  then  rising  and  the  evolution  becoming  more  rapid,  the  action  being  completed  m 
about  four  davs.  Zinc  ozychloride  is  produced,  which  forms  a  white  coating  on  the 
couple,  and  tne  gas  burns  with  a  blue  flame,  like  that  of  maish-gas.  Heooe  it  is 
inferred  that  the  action  takes  place  in  the  manner  represented  by  the  equation : 

2CHCl»  +   3H«0  +   6Zn  -  2CH*   +   8(Zna».ZnO). 

With  aqueous  alcohol  the  action  takes  place  at  a  lower  temperature  than  with  abfolate 
alcohol,  and  is  likewise  attended  with  formation  of  rinc  oxychloride. 

Zinc-foil  has  no  action  on  chloroform  mixed  with  absolute  alcohol  at  60®,  but  at 

the  boiling  point  of  the  mixture  there  is  a  slow  action,  CH*  and        p|>  Zn  hm% 

produced. 

Zinc-foil  was  also  found  to  act  slowly  upon  chloroform  mixed  with  alcohol  diluted 
with  one  fourth  of  its  volume  of  water  at  50°,  zinc  oxychloride  and  CH^  being  the 
principal  producte. 

The  reactions  described  above  afford  a  ready  method  of  preparing  marsh-fas 
(Gladstone  a.  Tribe,  Chem.  8oe.  J.  1875,  508). 

Action  of  Antimofty  Pentachloride. — Chloroform  heated  with  this  compound  in  a 
reflux  apparatus  or  to  100°  in  a  sealed  tube,  is  converted  into  carbon  tetrachloridf, 
with  formation  of  antimony  trichloride  and  hydrochloric  acid:  CHO'  +  SbGI*^ 
CCl*  +  SbCl*  +  HCl  (LosBner,  J.  pr.  CKm.  S^\  x\u.  418V 

Action  of  Potamwm  PHenate. — ^Yveii  «si  «\!C^<i^\^  «^xi\A^xi  ^1  ''^vq^  \iax»i^^vei^ 
canstic  potash  is  eva^^rateA  \o  Aryxvesf^,  wi^  0^wc^\«nji  \%^x«%A.xs^wa.  ^^Twftsfc 
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irhile  still  hot,  a  splendid  red-purple  colonr  is  immediatelj  produced.  The  pota»h 
should  not  be  in  excess,  and  the  temperature  not  very  high.  This  reaction  is  capable 
of  detecting  0*1  mgm.  of  phenoL 

The  coloration  is  probably  due  to  the  formation  of  rosolic  acid,  which  is,  in 
fact,  known  to  be  produced  by  the  action  of  iodoform,  formic  acid,  &c.,  on  potassium 
phenata. 

The  action  of  potassium  phenate  on  chloroform  does  not  give  rise  to  any  compound 
analogous  to  the  triethylic  formate  or  orthoformio  ether,  which  Kay  obtained  by 
treating  chlorofozm  with  sodium  ethylate  (Guareschi,  6azz,  ckim.  ifal.  1878,  401). 

Jetiom  <m  Sodaeetio  EUuf,    See  AcsTo-Acmo  Ethrbs  (p.  17). 


Preparation, — Hartsen  {Chem.  Centr.  1873,  204)  prepares 
pure  chlorophyll  by  making  finely  chopped  iyj  leaves  into  a  paste  with  spirit  of  65^ 
and  pressing  the  paste  after  twelve  hours.  This  removes  the  water,  a  bitter  sub- 
stance {hiliom)f  and  a  saponifiable  compound.  The  pressed  leaves  are  now  soaked  in 
benzene  for  twenty-four  hours,  and  the  benzene  is  removed  from  the  expressed  solu- 
tion by  distillation.  The  dark  brown  &tty  residue,  amounting  to  2^  per  cent,  of  the 
leaves,  is  treated  with  a  solution  of  sodium  hydrate,  filtered,  and  precipitated  by  com- 
mon salt.  The  precipitate,  after  being  washed  with  a  salt  solution,  is  dissolved  in 
water,  and  predpitatAi  with  a  solution  of  copper  sulphate.  This  precipitate,  after 
being  washed  and  dried,  is  boiled  with  absolute  alcohol,  and  then  washed  with  ether 
and  benaene ;  this  treatment  removes  the  copper  soap,  and  leaves  the  compound  of 
chlorophyll  with  copper  oxide.  Finally,  the  latter  is  suspended  in  alcohol,  and 
daoomposed  by  sulphuretted  hvdrogen.  On  evaporating  the  solution,,  the  chlorophyll 
is  left  of  a  very  dark  green  colour,  almost  black,  and  quite  free  from  fatty  matter. 
It  is  soluble  in  hydrochloric  add  and  in  alcohol,  yielding  a  solution  of  a  very  fine 
green  colour. 

Spectrum. — ^The  absorption-spectrum  of  chlorophyll  is  characterised  by  a  certain 
number  of  bands,  among  which  is  one  at  the  red  end,  which  suflBces  to  distinguish 
chlorophyll  under  all  circumstances,  and  exhibits  the  following  characters : 

a.  SentibUiiy :  having  a  clear  outline,  a  fixed  position,  and  remarkable  perma- 
nence, even  in  a  solution  diluted  to  the  one-ten-thousandth. 
h.  Certainty :  being  divided  into  two  lines,  under  the  influence  of  alkalis,  a  cha- 
racter which  does  not  belong  to  the  rays  of  blood,  bile,  or  any  other  organic 
liquid, 
c.  Cotutaney :  being  always  present  wherever  there  is  chlorophyll,  either  pure  or 

alterea. 
Chlorophyll  can  be  perfectly  recognised  bv  the  spectroscope,  whether  it  has  been 
obtained  from  young  leaves,  old  leaves,  or  aead  leaves  which  have  been  subject  to 
the  action  of  light  and  air. 

a.  In  young  leaves,  by  temporary  accidental  bands,  developed  under  the  action  of 

hvdrochloric  acid. 

b.  In  old  leaves,  by  a  permanent  accidental  band,  developed  in  an  alcoholic  solu- 

tion with  the  same  acid. 

c.  In  dead  leaves,  bv  permanent  accidental  bands,  which  appear  immediately  in 

the  alcoholic  solution  without  the  intervention  of  hydrochloric  acid. 
Chlorophyll  is  much  less  alterable  than  is  generally  supposed ;  it  resists  the  action 
of  iodine,  acids,  alkalis,  and  the  aniuud  digestive  powers,  and  preserves,  under  the 
influence  of  these  agents,  if  not  its  composition  and  primitive  character,  at  least  some 
properties  which  permit  of  its  recognition  in  the  most  complex  and  varied  mixtures, 
even  after  a  considerable  lapse  of  time  (Ohautard,  Compt.  rend,  Ixxvi.  1273  ;  Ixxvii. 
696  ;  Ann,  Ckim.  Pkys,  [6],  iU.  1-66). 

Alteration  qf  ChlorophyU  by  the  action  of  Light. — An  alcoholic  solution  of  chloro- 
phyll becomes  decolorised  when  exposed  to  the  magnesium  lisht  for  half  an  hour, 
eren  when  it  is  protected  firom  the  heat  by  being  surrounded  with  a  stratum  of  water. 
Sensitive  photographic  paper  exposed  in  a  similar  manner  for  the  same  time,  side  by 
side  with  the  chlorophvll  solution  under  a  stratum  of  a  solution  of  potassium  dichro- 
mate,  is  scarcely  acted  on,  whilst  the  chlorophvll  solution  is  decolorised.  On  the 
contrary,  when  copper  sulphate  is  substituted  for  the  dichromate,  the  paper  is 
blackened,  but  the  chlorophyll  solution  remains  unchanged  (A.  Cossa,  Deut.  Chem. 
Ges.  Ber.  vii.  868). 

Chautard  finds  that  the  action  of  light  on  chlorophyll  is  considerably  modified  by 
the  nature  of  the  solvent.    Thus  when  chlorophyll  is  dissolved  in  fixed  oils,  the 
eoJonr  wadergoea  do  aiteration  in  full  daylight  in  eisht  or  ten  moii\!h%.    lii  \>&xa.«ti,^ 
the  altenbilitj  of  chloropbjrU  under  the  action  of  lignt  ia  Ta\]ki«c  ^uic^^X^mX  i«x  \«»% 
#9  tbaa  in  presence  ofaJcoboL 
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If  to  an  alcoholic  solatioD  there  be  added  a  drop  or  two  of  potash,  th*  giMn  eiloir 
becomes  more  persistent,  at  the  same  time  that  the  red  band  aoublea  itself  afUrioae 
time,  as  it  does  immediately  under  the  influence  of  heat.  The  same  doubliiy  t^kcs 
place  under  the  prolonged  action  of  ammonium  sulphydrate,  but  it  ncfuxm  asTCnl 
months  keeping  in  a  dark  place  to  produce  the  effect.  An  alcoholic  aolotkm  of  cab- 
bage chlorophyll,  treated  with  a  little  ammonia,  likewise  develops  these  sii|pwBias- 
raiy  bands,  which  always  appear  in  the  portion  of  the  spectrum  more  reftsngibls  thai 
the  red  (Compt.  rend,  Ixxviii.  414). 

The  brightest  rays  of  the  spectrum  not  only  cause  the  largest  amount  of  asuuk- 
tion  in  plants,  but  are  likewise  most  effective  in  bringing  about  the  formaftioB  and 
destruction  of  chlorophyll.  The  less  refrangible  part  of  the  spectrum  is  n0t»  howsfw, 
as  hitherto  supposed,  capable  of  producing  all  the  chemical  actions  which  Isks  ^sn 
in  the  chlorophyll  granules ;  this  is  true  indeed  with  regard  to  the  fonustioii  and 
oxidation  of  chlorophyll,  and  the  assimilation  of  carbonic  acid  and  water ;  but  tbs 
oxidation  of  xanthophyll  takes  place  only  under  the  influence  of  the  most  zsifrmqgibls 
or  chemical  rays.  The  brightness  of  light,  under  whose  influence  the  green  substae 
is  formed,  is  much  less  Chan  that  required  for  the  destruction  of  chlorophyll ;  but  the 
brightness  necessary  for  oxidation  of  chlorophyll  is  the  same  as  that  rMjuired  for  tbe 
assimilation  of  carbonic  acid  and  water  in  the  chlorophyll  granule. 

Solutions  of  chlorophyll  and  xanthophyll  remain  unalte^  in  a  dark  room*  sres  if 
exposed  to  ordinary  (inactiTe)  oxygen,  but  they  are  bleached  on  exposure  to  ligkt 
If,  however,  chlorophyll  be  dissolved  in  turpentine-oil  containing  aedve  OKjgn  b 
solution,  decoloration  will  take  place  even  in  the  dark. 

The  fiict  that  in  light  of  high  intensity  more  chlorophyll  is  destroyed  thsn  ii 
formed,  explains  the  phenomenon  that  etiolated  plants  become  green  more  nmidly  ia 
diAised  light  than  in  direct  sunshine,  and  that  plants  of  a  bright  grsen  eouNir  be- 
come paler  in  very  bright  light,  and  recover  their  deep  green  colour  under  modKSto 
illumination  (Wiesner,  Chem,  Centr.  1874,  353). 

Action  of  Hydrochloric  add. — Solutions  of  chlorophyll  in  presence  of  hydrodkrie 
acid  undergo  a  remarkable  decomposition ;  the  green  colour  disappears ;  the  liquid  be- 
comes turbid ;  and  on  filtration,  a  solid  matter,  nearly  black,  remains  oo  the  filter. 
This  black  matter,  when  dicotyledonous  plants  have  been  used,  is  amorphoos; 
whereas  that  obtained  from  the  chlorophyll  of  monoootyledonous  plants  is  dystaQine. 
It  is  soluble  in  ether,  benzene,  chloroform,  carbon  sulphide,  and  in  boiling  aloobol 
of  5  per  cent.  The  colour  of  the  solution  varies  with  the  solvent,  being  biowiiidi- 
yellow  with  ether  and  benzene ;  yellow  with  carbon  sulphide ;  and  violst  with 
chloroform.  All  the  solutions  give  a  spectrum  having  five  absorption-bands  similar 
to  those  produced  by  chlorophyll,  but  not  occupying  the  same  position  in  the  spec- 
trum, and  varying  a  little  according  to  the  nature  of  the  solvent.  FjroloDgsd  sxposiuf 
to  solar  light  decolorises  the  solution  (Filhol,  Compt,  rend,  Ixxiz.  612 ;  Jm  JnlsnB. 
CMm.  [4],  XX.  345). 

ChnatitiUion, — Fr^my,  from  experiments  made  some  years  ago,  coneludsd  thtt 
ehlorophyll  is  a  compound  of  a  blue  substance,  phyllocyanie  acid,  and  a  yellov 
substance,  phylloxanthin,  the  former  being  sduble  in  hydrochloric  add,  the  latter 
in  ether  (itt  auppL  443).  Bv  more  recent  experiments  (Conmt,  rend.  Lmdv.  Ml), 
he  flnds  toat  the  phylloxanthin  may  be  extracted  from  chlorophyll  by  alcohol  of  A 
per  cent.,  which  leaves  the  phyllocyanie  acid  undissolved ;  this  latter  is,  howefcr, 
dissolved  by  alcohol  of  70  per  cent.  On  adding  a  few  drops  of  baryta-water  to  la 
alcoholic  solution  of  chlorophyll,  a  deep  green  barium  salt  of  phyllocyanie  add  ii 
precipitated,  while  the  alcohol  acquires  a  fine  golden-yellow  colour  fh>m  the  pfayUo- 
xanthin  which  remains  in  solution.  Fr^my  is  of  opinion  that  the  yellow  and  bias 
subetance  exist  in  chlorophyll  in  a  state  of  simple  mixture.  The  green  colourii^ 
matter  contains  potash,  and  may  therefore  be  regarded  as  phyllocyanata  of  potassi 

of  potaai 


and,  in  fact,  by  decomposing  the  ph^lloc^anate  of  barium  with  a  solution 
sulphate,  a  phyllocyanate  of  potassium  is  obtained,  which  dissolves  in  alcohol  with  a 
fine  green  colour,  and  agrees  in  its  spectroscopic  and  other  characters  with  the  greeo 
colouring  matter  extracted  from  leaves  by  alcohol. 

The  constitution  of  chlorophyll  has  also  been  investigated  b^  Leo  lielMnQaBB 
(Wien.  Acad,  Ber.  [2te  Abth.]  Ixxii.  599),  by  means  of  spectroscopic  observatioiis  oi 
solutions  of  chlorophyll,  on  a  decomposition-product  obtained  by  treating  chknoplnll 
with  hjrdrochloric  acid,  and  on  alcoholic  extract  of  violets  previously  treated  with 
nitric  acid  and  then. with  ammonium  sulphide.  These  observations  lead  to  the  foUow- 
ipg  conclusions :  (1.)  The  chlorophyll  of  different  plants  exhibits  but  trifling  diflbr- 
ences  in  optical  characters,  and  cotieva\A  vrv  «\\  c,\)A«a  c^i  «k  tsSCvo!^  ^<QRBi^^<aauL»  qwaysni 
of  chlorophy Uic  acid  and  Ck \)aa\(^ a>3^w^«n!c<i.  V?•.^  1V^\»s»R. ^:»iu\nRAn^^^>\^' 
chromogen,iR  capaVAe  o?  j\RWim\T«^  Wi© mo?^ ^wcn«\»  <ssJtova% ^«v^«t ^*  Xxok 
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ozidisiiig  and  redudng  agents,  and  is  in  fact  the  parent  of  the  colouring  matters  of 
flowers.  (3.)  The  formation  of  the  colouring  matters  of  flowers  may  be  explained  on 
the  supposition  that  the  chlorophyll  is  in  some  way  resolved  into  the  two  constituents 
aboTe  mentioned,  and  that  the  phyllochromogen  is  conxerted  by  oxidation  into  a 
Tiolett  blue,  or  red  colouring  matter.  (4.^  When  the  leaves  fade,  a  slight  reduction  of 
the  chlorophyll  takes  place.  (5.)  The  basic  constituent  of  chlorophyll  and  the  colour- 
ing matters  of  flowers,  are  in  some  respects  analogous  to  the  colouring  matter  of 
blood,  exhibiting  an  absorption-spectrum  similar  to  that  of  oxyhemoglobin  ;  moreover, 
chlorophyll  is  said  to  contain  iron,  and,  like  hsematin,  is  dichroic  in  alcoholic  or 
alkaline  solutions. 

See  further,  Prinssheim  (Chem.  Centr,  1876,  217) ;  and  Sachsse  {8Uiung$ber  d. 
naiurforsch,  GesdUeh,  m  Leipgig,  1876,  116;  Jahresb,  /.  Ckem.  1876,  871>  872; 
Chem.  Soc,  J,  1877,  ii.  208). 

AmmUative  Function  of  Chlofophyll. — Sachsse  {loe,  cit.)  regarda  chlorophyll  as 
the  first  visible  assimilation-product  of  the  vegetable  organism,  and  supposes  that  it 
if  formed  by  reduction  of  carbon  dioxide  and  water ;  that  by  further  alteration  and 
reduction  it  is  converted  into  starch,  and  other  carbohydrates,  and  consequently  that 
chlorophyll  is  the  mother-substance  of  starch. 

According  to  Briosi  {Gaezetta  chimica  italiana,  1876,  467),  starch  is  never  found 
in  the  chlorophyll  grains  of  vine-leaves ;  fatty  matters  and  glucose  also  are  present 
only  in  insignificant  quantities,  whilst  tannin  is  abundant,  being  found,  not  only  in 
the  epidermal  cells,  but  also  in  those  containing  chlorophyll,  and  most  largely  in  the 
apper  layers  of  the  leaf  exposed  to  the  direct  action  of  light,  where  the  action  of  the 
chlorophyll  is  most  energetic.  Briosi  does  not,  however,  consider  this  fact,  even  when 
taken  in  conjunction  with  other  unpublished  observations,  sufBcient  to  warrant  the 
conclusion  that  the  tannin  is  formed  in  the  chlorophyll  of  the  vine-leaves,  as  the 
xeeearches  hitherto  made  on  the  function  of  tannin  indicate  that  it  is  a  secondary 
product,  or  product  of  degradation. 

On  the  Assimilative  Function  of  Chlorophyll,  see  also  Gerland  (Poag,  Ann. 
czlviii.  99;  Chem,  Soc,  J.  1873,  401);  Stutcer  (Deui,  Chem,  Ges,  Ber.  ix.  1396; 
Jahreeb,  /  Chem,  1876,  864) ;  Krauss  (N,  Arch,  pi,  mU,  Iv.  336 ;  Jahretb,  1876, 
864). 

On  the  existence  of  Chlorophyll  in  the  undigested  residues  of  Food,  see  Chautard 
(Cbm^.  rend.  IxzvL  103  ;  Chem,  Soc.  J,  1873,  621). 


If  0*H*CIN'  (Wallach,  Deut.  Chem,  Oee,  Ber,  vii. 
826 ;  lAebi^e  Annalen,  clxxxiv.  1).  A  base  produced  by  the  action  of  phosphorus 
pentachlonde  (2  mol.V  on  diethyloxamide  (1  mol.)  On  mixing  the  two  substances, 
reaction  begins  immeaiatel^,  with  evolution  of  hydrochloric  acid,  and  a  light  yellow 
liquid  is  formed,  from  which  diethyloxamide  may  be  reproduced  by  the  action  of 
water,  but  which,  when  left  to  itself,  decomposes  spontaneously,  with  rise  of  tempera- 
tare,  and  further  evolution  of  hydrochloric  acid.  On  freeing  this  liquid  by  distillation 
under  reduced  pressure,  from  the  phosphorus  oxychloride  produced  in  the  reaction, 
the  chloroxalethyline  remains  in  the  form  of  hydrochloride.  The  reaction  appears 
therefore  to  take  place  by  two  stages : 

CO— NH— C»H»  Ca«-NH— C*H* 

I  +   2PCl»   -   2P0C1«   +    I 

CO-NH— C'H*  CC1»-~NH— C»H* 

C*H'»C1*N« 
and  C«H'K:!1*N«  —  3Ha  «   C«H»aN« 

Chloroxalethyline  is  a  transparent  colourless  oily  liquid,  having;  a  narcotic  odour 
and  strong  alkaline  reaction,  a  sp.  gr.  of  1*1420  at  16*^,  and  boiling  constantly  at 
2W-21B^,  It  is  combustible ;  attacks  caoutchouc  strongly ;  crystallises  in  a  freecing 
mixture  ;  and  dissolves  in  alcohol,  ether,  and  a  large  quantity  of  water,  but  is  less 
soluble  in  warm  water  than  in  cold,  so  that  a  clear  solution  prepared  at  ordinary 
temperature  becomes  turbid  even  at  the  heat  of  the  hand ;  comne  exhibits  the  same 
peculiarity.  The  aqueous  solution  has  a  bitter  taste.  The  base  itself  acts  like  a 
nerve-poison. 

Chloroxalethyline  is  a  strong  base.  Its  salts  dissolve  venr  easily  in  water  and  in 
alcohol,  and  crystallise  well.  The  hydrothloridcy  C*iI*ClN*.HCl,  crystallises  from  an 
aqueous  solution  in  needles  containing  1  mol.  of  water.  On  standing  over  sulphuric 
acid  it  becomes  anhydrous,  and  is  converted  into  a  crystalline,  very  hygroscopic  mass. 
From  alcohol  it  czjetaHiBea  in  prisms ;  it  sublimes  readily,  and  caii'^  ^%\AUtdL^^- 
oat  decompositioD.      The  ilatbiochhriiU',   (C'HH'l^MlCAyPXiCV,   crja\.iSJL\f«A  ttcow 
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dilate  alcohol  in  well-defiD«d^Lsiii8.    The  nitrate  and  Mdphaie  dry  up  to 

The  oxalate,  CB»CIS^,(?0*W,  \a  obtained  in  white  needles  by  adiing  ether  to  ta 

alcoholic  eolation  of  the  base  and  oxalic  acid,    The  pioraie  forms  yeUoir  needles. 

With  metaUio  salts  chloroxalethyline  forms  a  series  of  well-charaetssised  donUt 
oompoands  and  precipitates.  Silver  nitrate  forms  in  the  aqaeoas  solatioo  of  the  base 
a  precipitate  of  Uie  compound  OH*ClN'.N0*Ag,  which  crystallises  fiom  water  in  long 
needles,  from  alcohol  in  thick  prisms.  With  mereurio  chloride  two  eom^oands  tie 
formed,  viz,  0*H*ClN'.Hg01',  produced  like  the  siWer  salt*  orstallisiiig  m  needles, 
slightly  soluble  in  water  and  in  alcohol,  melting  at  100<» ;  and  C*H*aN*.HGL4HgCI', 
which  is  formed  on  adding  mercuric  chloride  to  a  solution  of  chlorozalethyline  ]iydn>> 
chloride,  and  crystallises  in  needles  very  soluble  in  hot  water.  A  Tory  finely  oys- 
tallised  compound  is  also  formed  with  mercuric  cyanide. 

An  aqueous  solution  of  the  base  yields  also  the  following  precipitates : 


Mercurous  nitrate :  white,  Tolaminous. 
Mercuric  (nranide :  white,  crystalline. 
Stannous  chloride :  white. 
Auric  chloride :  yellowish  brown. 
Oopper  sulphate:  after  some  time  or  on 

heating,  blue. 
Thallium  chloride:  white,  soon  turning 

brown. 


Ferric  chloride :  brown. 
Ferrous  sulphate :  bluish  green. 
CJobalt  nitrate :  violet. 
Iodine  and  potassium  iodide :  farown. 
Potassio-mercurie  iodide :  white. 
Fhoephomolybdic  acid :  yellow. 
Ammonium  molybdate :  white. 
Tannin:  white. 


Bromine  unites  with  chlorozalethyline  in  ethereal  solution,  without  peceepdfals 
evolution  of  hydrobromic  acid,  forming  an  addition-product  which  solidifies  in  deep- 
red  crystals. 

With  the  idoohoUo  iodides,  bromides,  &c.,  chlorozalethyline  reacts  like  a  tertiaiy 
base,  producing  compounds  of  the  ammonium  tjpe.  WiUi  methyl  iodide,  a  violent 
reaction  soon  sets  in,  the  conrpound  C*H'CIN^.CH'I  being  formed,  which  etystdlisM 
in  white  prisms  or  needles.  On  boiling  this  iodide  with  caustic  potash,  ethylamhie  is 
given  off.  The  iodide,  treated  with  an  alcoholic  solution  of  iodine,  yields  a  dystalline 
periodide ;  it  also  forms  a  similar  compound  with  bromine.  On  treating  the  iodids 
with  moist  silver  ozide,  the  very  alkaline  hydroxide,  C*H*C1N*.CHX0H),  isfonied. 
crystallising  in  deliquescent  plates.  CH*GlN'.CH*Br  is  formed  only  when  its  eonsti- 
tuents  are  heated  together  to  100°,  and  crystallises  in  very  hygroscopic  needles; 
the  perbromide  forms  beautiful  crystals. 

In  all  the  reactions  above  described  chlorozalethyline  exhibits  a  done  analogy  to 
the  alkaloids  of  the  nicotine  group. 


0«HK;1N*,  is  formed,  like  the  ethyl-oompouid, 
by  the  action  of  phosphorus  pentachloride  on  dimethylozamide,  and  may  be  obtainsd 
in  the  pure  state  by  distilling  off  the  phosphorus  ozychloride,  dissolving  the  zendoe 
in  cold  water,  addine  potash,  shaking  with  chloroform,  and  distilling  the  erode  bass 
which  remains  on  voUtilising  the  chloroform  over  baiyta. 

Chlorozalmethyline  thus  prepared  is  a  colourless  liquid,  boiling  at  204^-206^ 
It  is  miscible  with  water  in  all  proportions,  has  a  strongly  AllralinA  reaction,  and 
yields  with  dilate  sulphuric  acid  a  solution  showing  a  fine  fiuorescence.  It  has  so 
unpleasant,  sweetish  smell,  and  a  caustic  bitter  taste.  The  kvdrockhriie, 
C^H^CIN^.HCI  +  H'O,  is  very  soluble  in  water  and  alcohol,  and  forms  obnque  prism, 
which  are  stable  in  the  air,  lose  their  water  over  sulphuric  add.  and  then  oecosM 
deliquescent.  The  platiftochloride,  (C«H»ClN''.HCl)>PtCl«,  crystallisea  from  water  or 
dilute  alcohol  in  long  reddish-yellow  needles,  which  are  almost  insoluble  in  absolute 
alcohol.  The  oxalate,  0*H^C1N^.C^0*H''',  is  much  less  soluble  than  the  corresponding 
chlorozalethyline  salt,  and  crystallises  from  alcohol  in  prisms.  The  pieraU  fonu 
small  yellow  needles.    The  base  gives  precipitates  with  metallic  salts. 

The  methiodide,  C«H»CIN>.CH*I,  crystallises  from  alcohol  in  white  needles*  sad 
yields  a  periodide  forming  deep-red  needles,  and  a  perbromide  crystallising  in  yeUov 
plates  (WalUch,  loe,  cit,) 

CKOZiBSTBBZir,  C^H'^O.     Densify.— According  to  Mihu  {J.  Pkarm.  Ckim. 

[4],  xz.  175),  the  density  of  cholcstorin  (referred  to  water  at  20^  aa  unity)  ia  1*016- 
1047:  according  to  Hoppe-Seylor  (Gmelin^s  Handbook,  xvui,  113)  it  in  1*067;  ac- 
cording to  Hein  (e^u/.)  it  is  1*03,  after  fusion. 

Reaction  with  Sulphuric  acid. — When  sulphuric  acid  is  added  to  a  ■olution  of 
cholesterin  in  chloroform,  the  upper  liquid  asHumes  a  blood-red  or  purple-ied  eohmr, 
while  the  under  liquid  exhibits  a  green  fluorescence  (£.  Salkowski,  Ckem,  Cmtr, 
1873,  285). 
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OxidaHon. — The  oxidation  of  cholesterin  by  potassiam  permaiigaiiate  ^elds  three 
adds,  via.  cholesteric  acid,  C'H^'O*,  oxycholesteric  add,  U**H**0*,  and  diozycholes- 
teric  add,  C**H.*Kf*,  These  acids  are  soluble  in  ammonia  and  form  amorphoas  preci- 
pitates with  all  metals,  except  the  alkali-metals.  Thej  are  separated  by  means  of 
their  salts  ;  those  of  dioxycholesteric  acid  dissolve  in  benzin  (petroleum),  bnt  are  in- 
Bohible  in  alcohol  and  ether ;  those  of  oxycholesteric  acid  dissolve  in  benzin  and  in  ether ; 
those  of  cholesteric  acid  in  alcohol,  ether,  and  benzin  (Latschinoff,  BvU,  8oc,  Ckim. 
[2],  xxrii.  466). 

Separation  Jiram  Fais. — The  mixture  is  saponified  with  caustic  soda,  and  the 
saponified  mass  after  cooling  is  exhausted  with  ether.  On  evaporating  the  ethereal 
eolation,  the  cholesterin  remains  behind  (Commaille,  Cotnpt.  rend,  Ixxxi.  819). 

Zsoeliolesteiiii  (£.  Schulze,  J.  pr.  Chem.  [2],  vii.  163).  This  substance, 
iion\eric  with  cholesterin,  is  obtained,  together  with  the  latter,  by  saponifying  the 
grease  of  sheep's  wool  (euint)  with  alcoholic  potash,  and  is  deposited  on  cooling  from 
a  hot  alcoholic  solution,  together  with  cholesterin,  in  white  fiocks  (2nd  Sufpl.  828). 
To  separate  the  isomeric  alcohols,  they  are  converted  into  benzoates,  which,  when 
treated  with  alcohol  and  crystallised  urom  ether,  yield  shining  rectangular  leaflets 
and  fine  needles.  These  two  kinds  of  crystals  may  be  separated  by  elutriation  and 
crystallised  from  ether ;  the  shining  leaflets  are  then  found  to  consist  of  cholesteryl 
benzoate,  and  the  needles  of  isocholesteryl  benzoate.  The  latter  digested  with 
alcoholic  potash  yield  isocholesterin. 

leocholesterin  separates  from  absolute  alcohol  in  flocks  when  the  solution  is  dilute, 
but  a  concentrated  alcoholic  solution  solidifies  to  a  translucent  jelly.  When  evapo- 
rated with  nitric  acid  and  afterwards  treated  with  ammonia,  it  gives  the  same  reaction 
as  cholesterin,  but  when  treated  with  sulphuric  acid  and  iron  chloride,  or  sulphuric 
add  and  chloroform,  it  does  not  react  like  cholesterin  {2nd  Suppl.  331).  Isocholes- 
terin, like  cholesterin,  is  slightly  soluble  in  cold  alcohol,  but  easily  soluble  in  hot 
alcohol  or  ether.  Hot  acetic  acid  dissolves  it  readily,  and  the  solution  on  cooling 
deposits  flocks  of  an  unstable  compound  of  isocholesterin  and  acetic  acid,  which  loses 
its  acetic  acid  on  fusion.  Isocholesterin  melts  at  137^-138^,  and  solidifies,  on  cool- 
ing, to  a  brittle  vitreous  mass.  A  mixture  of  cholesterin  and  isocholesterin  melts  at 
a  lower  temperature  than  either  separately;  one  such  mixture  melted  at  136*^. 
leoeiolestery I  benzoate  melts  at  190^-191^.  is  very  slightly  soluble  in  alcohol,  more 
soluble  in  hot  acetone,  and  still  more  easily  soluble  in  ether,  from  which  it  separates 
in  microscopic  needles.  leocholesterf/l  acetate  is  obtained  by  digesting  isocholesterin 
with  acetyl  chloride  till  the  evolution  of  hydrochloric  acid  ceases,  and  then  heatioff  the 
mixture  to  100°  in  a  sealed  tube.  On  removing  the  excess  of  acetyl  chloride  by 
evaporation,  isocholesteryl  acetate  is  obtained  as  an  amorphous  substance,  melting 
below  100°,  and  easily  soluble  in  alcohol.  leoekoUstert/l  stearate  is  obtained  by  heatr 
ing  iMcholesterin  with  stearic  acid  to  200°.  The  product  melts  at  72°,  and  separatee 
from  ether  in  microscopic  needles,  which  dissolve  to  a  small  extent  in  hot  alcohol  and 
separate  from  it  in  flakes. 

Phosphorus  pentachloride  converts  isocholesterin  into  a  yellow  resinous  mass, 
easily  soluble  in  ether,  slightly  soluble  in  alcohol,  and  having  the  composition  of 
isocholesteryl  chloride,  C*«H«C1. 

A  third  alcohol,  less  rich  in  carbon  than  cholesterin,  appears  also  to  be  contained 
in  the  insoluble  portion  of  sheep*s-wool  grease,  but  it  has  not  yet  been  isolated. 

The  potassium  salts,  which  occur  in  considerable  quantity  in  the  portion  of  the 
grease  which  is  soluble  in  water,  probably  arise  from  the  saponification  of  the  choles- 
terin salts.  This  may  perhaps  account  for  the  presence  of  free  cholesterin  (£.  Schulze. 
J.  pr.  Chem.  [2],  vii.  163). 


CHOliM  V  BKlf  ly  ) 


CBOXJOra,    C»H"NO»  =  C?H*<^^jjj,v,Qg.    The  bases  of  this  composition 

obtained  (a)  synthetically  from  etbenechlorhydrin  and  trimethylamine,  and  (/3)  from 
brain-substance,  poultry-eggs,  and  the  testides  of  the  salmon  (let  Si^pl.  448).  appear 
from  comparison  of  their  platino-chlorides  to  be  perfect!  v  identical.  Choline  hydrochlo- 
ride dehydrated  as  completely  as  possible— or,  better,  the  platino-chloride — and  gently 
heated  with  very  strong  nitnc  acid, 3rield8  muscarine  (2nd  SuppL  829),  the  sparingly 
soluble  platino-chloride  of  which  is  easily  separated  from  undecomposeid  choline  salt. 
With  dilute  nitric  acid,  no  muscarine  is  obtained,  but  instead  of  it  a  nitro-product, 
which  forms  a  very  efllorescont  platino-chloride,  (C*H»»N*0«Cl)=».PtCl*  +  2H«0. 
Potassium  permanganate  and  chromic  acid  sometimes  convert  choline  partially  into 
muscarine ;  sometimes  not ;  betaine  has  never  been  found  as  a  product  of  this  reaction 
(Sdimi«4berg  a.  Uarnack,  Ciem,  Centr.  1876,  654). 
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Amanitine,  an  alkaloid  occurring,  together  with  mnaearine  (2»d8iippL  8291  in 
the  fly-aganc,  is  likewise  identical  with  choline ;  its  gold-salt  has  tha  compositioB 
C*H*«NOCl.AnCl'.  The  separation  of  the  two  bases  ia  effected  by  plaang  the  mix- 
ture  of  their  hydrochlorides  on  paper,  which  absorbs  the  more  deliquescent  musesiiM 
salt,  learing  the  amanitine  salt  behind.  A  repetition  of  this  process  yields  the  lattv 
pure ;  the  muscarine  may  be  separated  in  the  form  of  aurochloride,  which  is  aon 
soluble  than  that  of  amanitine.  Amanitine,  like  choline  from  other  sources,  gives  ofl^ 
when  heated,  trimethvlamine  and  a  volatile  oxygenated  base,  together  with  other 
products  (Hamack,  Chffm,  Cenir,  1876,  560). 

CKO&OOZiTCOUbZC  AOZB,  C"H«<0',  is  produced  by  the  sctieii  of  nitraai 
acid  on  glyoocholic  acid.  Its  barium  salt  (CH^O^'Ba  •«- SH'O,  andsOsier  mU, 
OMH«iO'Ag,  have  been  prepared  (J.  Lang,  BuU.  8oe.  Chim,  [2],  zxr.  180). 

CKOWBRZV.    See  GhuuLTur. 

CKOVDROBITB.    See  Humitjb. 

CKOnXVB.  Various  statements  have  been  made  regarding  the  pgesenee  of 
sulphur  in  the  so-called  Irish  peari  or  Cara^heen  piosa  (Chontbrus  eriapus).  Aeecndisf 
to  Church  (Journal  of  Boton^,  March  1 876)  it  contains  a  large  quantity  of  sulphur,  only 
partly  as  sulphate.  By  oxidising  the  dried  and  pulyerisd  aJga  wiui  nitrie  add  tad 
potassiuiQ  chlorate,  and  precipitating  the  sulphuric  acid  with  a  bariom  salt^  no  l«i 
than  6'41  per  cent,  sulphur  was  obtained,  while  the  ash  contained  only  2*64  per  etnt, 
100  pts.  of  the  fresh  alga  yielded  18*8  per  cent  water,  9*38  albuminous  mattar,  66rH 
gelatinous  matter,  &c,  2*15  cellulose  and  14*15  ash. 


CSMOXM-QMMMMm    When  one  piurt  of  potassium  dichromate  is  heated  with 
three  parts  of  gypsum,  the  foUowisg  reaction  appears  to  take  place : 

2KK!r*0'  +  20aS0*  -  2CaO  +   2K»S0«  +  60   +   2CrK)«. ' 

On  boiling  the  ignited  mass  with  water  or,  better,  with  dilute  hydrochloric  add,  a 
fine  powder  of  a  rich  green  colour  is  obtained,  having  great  tinctorial  powen.  It  it 
very  stable,  resisting  3ie  action  of  water,  acids,  air,  and  sunlight  (CasaU,  Gom.  eAin. 
ital.  iv.  664). 

The  pigment  called  Pussy's  Chrome^reen  is  prepared  by  adding  caleiom  phosphsts 
to  potassium  dichromate,  and  treating  the  mixture  with  sugar.  It  ia  not  a  deibite 
compound,  but  a  mixture  of  the  phosphates  of  chromium,  caleiom,  and 
with  chromic  oxide  and  water  (G.  Kothe,  Dingl.  pol,  J.  ccxiv.  59). 


See  Chbomatbs  (p.  461). 

Oeeurrence, — Chrome-ores,  which  have  bean  abundantly 
worked  since  1858,  occur  in  the  serpentine  of  a  triangular  tmct  of  land  aitoatad  be- 
tween Austria,  Wallachia,  and  Servia.  The  principal  ore  is  a  coarsely  ciyatallina  efaiOBis- 
iron  ore,  having  a  deep  black  colour,  fatty  lustre,  and  brown  streak.  Finaly  czystsl- 
line  chrome-iron  ore  likewise  occurs  in  defts,  with  coatings  of  serpentine  or  chroou- 
ochre,  and  having  rather  a  metallic  than  a  fatty  lustre. 

The  first  three  of  the  following  anal^es  are  of  Hungarian  chroma-iron  ores,  and 
show  the  varying  amount  of  chromic  oxide.  Manganous  oxide  and  lime  are  sometimi 
present,  sometimes  absent.  This  variety  of  constitution  is  remarkable^  inasmuA  as 
all  the  ores  are  from  the  locality  abo^e  mentioned.  No.  4  is  an  Asiatic  chzoDMHVoD 
ore  (locality  not  further  specified)  given  for  the  sake  of  comparison. 

1.  2.  3.  4. 

Chromic  oxide  .  58096         17096        39*574         60022 

Alumina  . 


Ferric  oxide 

Magnesia 

ManganuuH  oxide 

Lime 

Silica 


14-496  16110  20-626  10*601 

21-337  22*499  16*558  20*102 

2018  21101  17*065  3180 

U-002            —              —  5*200 

—              8*300           —  0026 

3  639  14*211           4190  — 


99-588        99317  98.013         99*171 


(A.  Hoffmann,  Jahrh,f.  Min.  1873.  873). 

Rich  deposits  of  chrome-iron  ore,  frequently  containing  from  24  to  48  per  ent 
chromic  oxide,  are  found  in  the  serpentine  rocks  of  the  islands  of  £ub<aa,  Sinos»  and 
PaiDS ;  in  the  PeloponneaMa  ivewc  CoivTiXii  \  «iA  \Ti^\i\Xas>Ua  (Jj&adfiter^  Ckem.  Omir, 

1876,  590). 

CIiri8tomano8  {Deut,  Che^tn,  G«.  Bc-r.  x.  ^VS^  siN^^>iJcvfc  w8.x^\a  ^\  >Osift  «m^^o«i.^ 
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ttj  spedmens  of  chrome^iron  ore  firom  variouB  localities  in  Greece  and  Aflia  Minor. 
Theee  ozea  may  be  referred  to  four  types  represented  by  the  formulae : 

Cr»0*.2FeO  I  Cr«0«.FeO 

2Cr«0«.3FeO  I  3Cr«0».2FeO 

On  the  oocnrrence  of  chrome-iron  ore  in  the  serpentine  of  Boezras  and  other 
localities  in  Norway,  see  Helland  (Jahrb.  /.  Min.  1876,  670;  Ckem.  Soo,  J.  1877,  ii. 
120). 

Estimation  of  Chromium  in  Chrome-iron  ore, — F.  C.  Phillips  (ZeiUehr. 
mud,  Ckem.  1878,  189)  decomposes  the  ore  by  heating  it  in  a  sealed  tube  with  sul- 
phuric add  of  sp.  gr.  1*34 ;  mixes  the  resulting  solution  with  excess  of  sodium  carbo- 
nate ;  and  adds  bromine-water,  with  agitation.  In  this  manner  the  chromium  is 
obtained  in  solution  as  sodium  chromate. 

Dittmar  {Dimgl.  poL  J.  ccxxi.  450)  disintegrates  chrome  ores  by  melting  them 
with  a  flux  prepared  by  fusing  2  pts.  of  borax  glass  with  3  pts.  of  a  mixture  of  sodium 
and  potassium  carbonates  in  equivalent  proportion,  till  all  the  carbonic  acid  is  ex- 
pallsd.  The  melt  is  diBSolved  in  water,  and  the  solution  is  boiled  with  a  few  drops  of 
aleohol  to  reduce  any  manganates  that  may  be  present.  The  solution  contains  an 
alkaline  chromate,  the  chromium  in  which  may  be  estimated  by  any  of  the  usual 
m«thods. 

According  to  R.  Kayser  (^Zeiteehr.  anal,  Chem,  1876,  187)>  chrome-iron  ore  ma^r  be 
easily  disintegrated  by  heating  the  finely  leyigated  powder  with  2  pts.  of  calcined 
•odium  carbonate  and  8  pts.  of  slaked  lime. 

The  following  Tolumetric  method  of  estimation  is  described  by  Jean  a.  Pellet 
(BM,  8oe,  Ckim.  [21,  xxrii.  200).  The  ftUMd  mass  obUined  by  heating  the  finely 
dirided  ore  with  alkaline  carbonate  is  exhausted  by  boiling  with  water ;  the  ferric 
oxide  filtered  off;  the  filtrate  concentrated  to  about  400  cc ;  hYdrochloric  acid  care- 
lolly  added  until  there  is  only  a  slight  alkaline  reaction ;  and  the  whole  refiltered  (if 
necessary)  and  diluted  to  500  cc.  Of  this  solution  250  cc.  are  exactly  neutralised 
with  a  few  drops  of  dilute  hydrochloric  add,  and  50  cc.  of  pure  baryta-water 
added,  then  some  carbonic  add  water,  and  the  whole  boiled  for  a  quarter  of  an 
hour  in  <»der  to  expel  the  excess  of  carbonic  acid.  When  the  solution  is  cold,  it  is 
diluted  with  water  until  it  affain  measures  500  cc,  and  250  cc.  of  the  dear  filtrate 
titrated  with  a  standard  sulphuric  acid  containing  12*58  grams  of  H%0\  100  cc  of 
this  solution  are  equivalent  to  0*25  gram.  CrO*E',  and  the  number  of  cubic  centi- 
metars  used  corresponds  exactly  with  the  percentage  of  potassium  chromate  CrO^K', 
which  the  chroma-iron  ore  would  furnish. 

The  foUowing  precautions  must  be  taken  : 

1.  The  sodium  carbonate  and  hydrochloric  acid  used  must  be  free  from  sulphuric 
add,  phosphoric  add,  and  caldum  salts. 

2.  If  a  turbidity  be  observed  on  the  addition  of  the  standard  sulphuric  add,  the 
assay  must  be  recommenced,  as  the  carbonate  of  barium  has  not  been  completely  pre- 
dpitatad,  on  account  of  insuffident  boiling. 

3.  The  bai^jTta-water  must  be  free  from  potash  or  soda,  or  at  all  events  the  amounts 
of  these  alkalis  present  must  be  accurately  determined  and  deducted  from  the  total 
alkali  found. 

The  above  process  is  applicable  also  to  the  assay  of  insoluble  chromates  which  are 
decomposed  by  fusion  with  alkaline  carbonates. 

On  the  Eetimation  qf  Chromium  in  Iron  and  Steel. — See  Ison. 

Separation  from  other  met  ale. — Gibbs  reeommands  the  use  of  bromine  or 
chlorine  to  sepsrate  chromic  oxide  from  the  oxides  of  the  third  and  fourth  groups,  in 
alkaline  solution,  or  in  presence  of  sodium  acetate.  Phillips  {Zeiiechr.  amd.  Chem. 
1873,  189)  finds  that  the  separation  of  chromium  from  zinc,  manganese,  iron,  and 
aluminium  by  means  of  bromine  is  complete.  Traces  of  manganic  acid  and  iferric  acid 
may  be  decomposed  by  alcohol. 

The  presence  of  alumina  hinders  the  reaction  to  some  extent,  and  if  alumina  is 
present,  Uie  solution  should  be  very  dilute  and  should  contain  only  a  small  excess  of 
sodium  carbonate.  The  solution  must  not  be  heated  till  after  the  sddition  of  the 
bromine,  for  if  water  be  added  to  the  hot  liquid,  only  small  quantities  of  chromic 
oxide  are  converted  into  chromate,  even  after  long  heating. 

Separation  of  Chromium  from  Uranimm. — If  the  chromium  exists  in  the  mixture 
as  chromate,  together  with  only  small  quantities  of  chlorides  or  sulphales.  and  no 
add  is  present,  which,  like  phosphoric  acid,  can  form  a  mercary  salt  not  easily  vola- 
tilised, the  chromium  may  be  precipitated  by  Berzelius's  method,  with  mercurous 
nitrate.  This  baH  mjwt  he  free  from  nitrite,  otherwise  t\ie  chtoimt  aci^  "^tMlX*^  tdlqta 
arlem  rednced.     The  precipitation  i^  hebt  fffecteil  ut  the  WAViig  VieaX>  wivi^  \^^  -^t^^viv 
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pitate  washed  with  a  hot  dilute  solution  of  the  nitrate.  Precipitation  with  barioa 
acetate,  with  addition  of  alcohol,  also  gires  good  resalts.  Lead  acetate  girei  a  {oeci- 
pitate  which  passes  through  the  paper.  When  chlorides  or  sulpfaateB  are  piMent  ia 
large  quantities,  the  solution  may  be  boiled  with  soda.  The  sodium  rauiate  is 
filtered  off,  washed  with  water  containing  soda,  redissolved  in  hjdrochlorie  add,  ud 
the  uranium  determined  as  usual.  The  dhromium  in  the  filtrate  may  be  predpitBitd 
by  ammonia  after  reduction,  for  which  purpose  an  alkaline  nitrite  ia  prefcEaUe  to 
alcohol,  since  the  time  occupied  in  boiling  off  the  latter  is  saved.  When  thechrooum 
is  not  present  as  chromate,  it  must  be  converted  into  sodium  chromate  by  boiling  witli  a 
slight  excess  of  soda  and  then  adding  bromine-water.  The  small  qoaotity  of 
chromium  which,  in  this  process,  is  precipitated  with  the  sodium  uranata  fonned  h 
the  reaction,  is  separated  as  above  described  (W.  Gibbs,  Chem,  News,  zzviiL  6S). 

Separation  from  Uranium  and  Iron. — The  following  method  is  an  f¥t<meioa  of 
that  given  by  Dcville  (iii.  387)  for  the  separation  of  iron  and  aluminium. 

The  mixture  of  the  sesquioxides  of  the  three  metals,  obtained  bj  precipitatioo 
with  ammonia,  is  weighed,  after  washing  and  ignition,  in  a  porcelain  boat,  whioi  if  ii> 
troduced  in  a  porcelain  tube  and  heated  to  redness  in  a  current  of  hydrogen,  whovbya 
mixture  of  iron,  uranous  oxide,  and  chromic  oxide  is  obtained.  The  iron  is  removed  fini 
this  mixture  by  passing  over  it,  whilst  heated  to  redness,  a  current  of  faydrodikrie 
add  gas.  After  cooling  in  a  stream  of  hydrogen,  the  mixture  of  uranoos  oxide  ail 
chromic  oxide  is  weighed.  The  uranous  oxide  is  then  dissolved  out  by  nitric  add, 
leaving  chromic  oxide,  which  is  washed,  ignited,  and  weighed.  The  duflwenoa  be> 
tween  these  two  weighings  gives  the  uranous  oxide,  which  is  calculated  to  IPO*,  aad 
added  to  the  weight  of  chromic  oxide  found.  The  sum  of  these  deducted  from  the 
weight  of  the  original  mixture  gives  the  weight  of  ferric  oxide.  The  iron  mav  also 
be  determined  directly  by  passing  a  current  of  steam  mixed  with  a  little  hydroeUoiic 
acid  through  the  tube  after  the  removal  of  the  boat.  The  chloride  thexiby  fiirmd 
is  carried  along  by  the  water  which  condenses,  and  in  this  liquor  the  iron  may  be  esti- 
mated by  the  usual  methods.  The  uranium  may  also  be  estimated  directly  in  the 
nitric  acid  solution.  By  this  method  iron  and  chromium  can  be  separated,  as  alao  inn 
and  uranium,  and  uranium  and  chromium  (A.  Ditto,  Ann.  Chim,  PhyB.  [6],  xii.  1S6). 

OxiDBS  AND  Salts,  duromlo  Componnds.  According  to  fiUmunr 
(Zeittckr,  anal.  Chem.  1873,  375),  both  chromic  hydrate  and  chromic  phosphate  are 
soluble  in  alkalis,  but  on  boiling  the  alkaline  solution,  only  the  hydrate  iepredpitatad, 
so  that  phosphoric  acid,  if  present,  will  be  found  in  the  filtrate. 

Chromic  Artenite,  Cr'AsK)*,  is  formed  on  mixing  a  hot  conoentxated  aolatifli 
of  pure  chromic  add  with  a  hot  saturated  solution  of  arsenious  acid.  The  liqind 
turns  green  and  remains  transparent ;  but  if  kept  for  some  time  at  tlie  boilizg  beat, 
it  becomes  turbid,  and  deposits  the  chromic  arsenite  in  the  form  of  a  daik-giMD 
powder  (B.  Nevile,  Chem.  Ncws^  xxxiv.  220). 

Chromic  Sulphaies.—The  salt  Cr'(SO«)*+ 16HK)  was  obtained  eome  jttn 

ago  in  violet  octohedrons  by  Schrotter  and  by  Loewel  (v.  588).  Another  rkiktft  aalt, 
containing  a  larger  quantity  of  water,  is  produced  by  mssolving  100  pte.  of  chFonie 
anhydride  in  150  pts.  sulphuric  acid  and  225  pts.  water,  and  acting  on  the  aolnfcioB 
with  vapour  of  ether.  By  this  moans  a  salt  is  obtained  which  erystalliaee  in  phtai 
permanent  in  the  air ;  has  at  ordinary  temperatures  the  composition  Cx^SO*)^  +  18B*D, 
analogous  to  that  of  ciystallised  aluminium  sulphate ;  gives  off  80*6  p»  cent,  of  ill 
water  at  100° ;  and  is  converted,  by  loss  of  12H^0,  into  a  green  cryatAlline  Bolphat^ 
Cr^SO^)"  +  6H^,  which  is  deliquescent,  and  convertible  into  the  anhydrona  aidk  at  i 
dull  red  heat.  The  violet  sulphate  also  loses  part  of  its  water,  and  la  conveiCed  iato 
the  green  sulphate,  by  leaving  it  in  the  state  of  fine  powder,  in  contact  with  dehijdiat- 
ing  liquids,  such  as  fumin;;  nitric  or  sul]^huric  acids,  or  phosphorus  tiichlox^aL  IltB 
violet  phosphate  with  12H'0  is  likewise  converted  into  the  green  phosphate  with 
5HH),  by  heating  it  to  100"^,  and  behaves  similarly  to  the  violet  sulphate  with  fimh^ 
nitric  and  sulphuric  adds  (Etard,  Compt.  rend.  Ixxxiv.  1080). 

Double  Chromic  Sulphates  belonging  to  the  green  modification,  and  repreacnted  lij 
the  general  formula  Cr'"R»(SO*)»  or  Cr«(S0<?.3R*S0<,  analogous  therefore  to  thi 
rhodic  double  salts,  Rh'''R'(SO^)',  and  to  the  characteristic  double  salts  of  the  eenan 
and  yttrium  groups,  are  produced  :  a.  By  adding  chromic  oxide  or  chromic  anl^ihate. 
or  a  double  salt  Gr'"R(SO^)'  (obtained  by  heating  an  alkaline  chromate  with  rtroog 
sulphuric  acid),  to  the  molten  anhydrous  bisulphates  (pyrosulphates)  of  the 
alkali-metals,  the  mixture  being  kept  in  the  fused  state  for  eight  to  ten  lioiizs.  On 
leaving  the  crucible  to  cooV  ^owVy.Wie  -nvf^Vti  wAxdi^^e  to  small  green  cryrtalliM 
niaases  (Wernicke,  Pogg.  Ann.  cV\x.  hTl\    ft.  ^l  ^»^\>si!\':S  \^^^:^x^  <SK»«AR.^^nc^ 
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to  a  molten  acid  sulpbAte  of  alkali-metal,  and  extracting  the  excess  of  the  latter 
with  water,  the  chromic  doable  sulphate  then  remaining  nndissoWed : 

6RHS0«  +  CrKa*  =  6HC1  +  2CrB«(S0y 

(Etard,  Camft.  rend,  Izzxix.  1089). 

The  potamum  mUt  dritallises  in  greenish-yellow  tony  needles  (Etard) ;  in 
■lender  needles,  which  under  the  microscope  appear  prismatic  with  hexagonal  out- 
line, and  therefore  probably  belong  to  the  hexagonal  system — ^a  view  whi<£  likewise 
agrees  with  thmr  optical  diaracters  (Wernicke).  The  aodium  salt  is  a  crystalline 
powder  (Etard) ;  forms  large  crystals  (Wernicke).  The  litkium  aalt  forms  slender 
needles,  haying  a  greyish-green  colour  with  a  tinge  of  yiolet-red  (Wernicke). 

All  these  ndts  are  anhydrous,  and  are  formed  at  comparatively  high  temperatures, 
whereas  the  formation  of  crystals  of  violet  chromic  salts  appears  to  require  a  lower 
temperature  and  the  addition  of  water.  The  green  double  sulphates  above  described 
aasune  a  transient  violet  colour  when  gently  heated,  and  on  prolonged  exposure  to  a 
fed  heat,  th^  give  off  half  their  SO',  the  remainder  of  the  salt  being  resolved  into 
Ci^O*  and  SK^O* ;  they  are  decomposed  by  boiling  with  potash,  with  separation  of 
duomio  hydrozide,  and  are  easily  broken  up  by  fusion  with  nitre.  They  are  insoluble 
in  acids,  whether  dilute  or  concentrated,  but  appear  to  be  decomposed  by  probnged 
treatment  with  strong  hydrochloric  acid  (Wemidce). 

Bloslda  or  Ohroiiiio  Oluromate,  GrO'«Cr(Cr*0')0^  According  to  Hintz 
Lielrig^s  AtmaUn,  dxix.  367),  this  oxide  is  best  preps^ed  by  the  method  of  Schweitzer 
'J.  pr,  Chem,  xzxiz.  269),  wnich  consists  in  pMSing  nitrogen  dioxide  into  a  moderately 
kilute  solution  of  potassium  dichromate.  The  precipitate,  which  is  formed  more 
quickly  on  heating,  consists  of  brown  hydrated  chromium  dioxide,  which  must  be 
washed,  first  with  water,  then  with  alcohol,  and  dried  by  prolonged  heating  at  260°. 
It  gives  off  its  water  vei^  slowly,  a  portion  weighing  only  a  few  grams  requiring  a 
wtA  to  dry  it.  According  to  Schiff  (Liebi^s  AnnaleHt  clxxi.  116),  the  dioxide  is 
best  prepared  by  evaporating  a  mixture  of  potassium  dichromate  and  oxalic  acid  with 
nitric  acid. 

Anhydrous  chromium  dioxide  is  a  very  hygroscopic  powder  having  a  fine  deep 
black  colour;  the  hydrate  has  a  dark  brown  colour  which  was  attributed  by 
Vauquelin  to  the  anhydride.  It  gives  off  oxygen  at  300^.  Dry  chlorine  acts  but 
■lightly  on  the  black  dioxide,  even  at  260°,  forming  a  small  quantity  of  chromatochlo- 
ride  or  chlorodhromate  of  chromium,  Gr*0*Cl^  (Is^  Suppl,  466),  chromyl  dichloride, 
CM^Cl*,  being  probably  formed  in  the  first  instance,  ana  converted  at  a  higher  tem- 
perature into  ^e  ohromatochloride.  The  hydrated  dioxide  is  also  but  very  slightly 
attacked  bv  chlorine,  acquiring  at  the  same  time  a  dark  colour.  With  diy  easeous 
hydrochloric  acid,  the  anhvdrous  dioxide  yields  at  first  water,  chlorine  and  green 
chromic  oxide,  then  a  small  quantity  of  violet  chromic  chloride  resulting  from  decom- 
position of  the  latter.  Phosphorus  pentachloride  is  likewise  almost  without  action  on 
chromium  dioxide  (Hints). 

THozlde  or  cnwomto  ABliydride«  GrO*.  According  to  Ficinus  (Arch.  Pharm. 
[3],  ii.  23  ;  iii.  306),  Warington's  method  of  preparing  this  oxide  (whicn  consists  in 
mixing  1  Tol.  of  a  cold  Saturated  solution  of  potassium  dichromate  with  1^  vol.  of 
strong  sulphuric  acid)  often  fails,  in  consequence  of  the  acid  employed  not  being 
strong  enough,  in  which  case  no  separation  of  the  trioxide  takes  place.  The  addition 
of  more  sulphuric  acid  throws  down  only  a  small  quantity  of  trioxide  in  red  flocks. 
It  is  better,  therefore,  to  evaporate  the  liquid  over  the  water-bath  till  a  small  portion 
placed  on  a  watch-glass  crystallises  on  cooling,  and  then  to  allow  the  whole  to  stand 
fcff  two  days,  whereby  fine  crystals  are  obtained. 

When  the  trioxide  is  to  be  prepared  frequently,  it  is  advisable  to  use  the  residual 
sulphuric  acid  from  a  previous  operation  :  it  is  then  onl^  necessarv  to  evaporate  some- 
what longer  over  the  water-bath.  On  using  the  mme  acid  a  third  time,  a  little  potus- 
sinm  bisulphate  crystallises  out  with  the  chromic  trioxide. 

For  preparing  chromic  trioxide  once  only,  1  part  of  a  cold  saturated  solution  of 
potassium  dichromate  may  be  mixed  with  1  part  of  strong  sulphuric  acid,  and  the 
mixture  evaporated  over  the  water-bath.  In  this  way  a  considerable  saving  of  sul- 
phuric acid  IS  effected,  whilst  the  product  is  as  abundant,  and  as  well  crystallised  as 
that  obtained  hj  Warington's  method. 

PrwpanUiim  from  Barium  Ckramate, — By  the  following  method  the  whole  of  the 
chromic  trioxide  contained  in  barium  chromate  may  be  quickly  and  easily  ob 
tained.     100  pts.  of  barium  chromate  are  mixed  with   100  pts.  of  water,  and  to  this 
mixture  140  pts.  of  nitric  acid  of  40°  strength  of  Baum^'shydrometeT  w*  t^d^Mi.    T^^ 
Older  of  making  the  mixture  ia  impoitant.    The  liquid  having  beeii\kettX«dL  \K!l\  Si  Xnsto^ 
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red,  200  pts.  of  water  are  added,  and  the  mixture  ia  boiled  for  ten  minntm  AfUr 
that  the  solution  is  allowed  to  cool,  wherenpon  barium  nitrate  is  rapidlj  thzown  down. 
The  liquor,  after  decantation,  is  concentrated  till  its  Tolume  beocmies  aboat  eqjsil  to 
that  of  the  acid  used.  During  this  operation  nearly  all  the  barimn  that  rrmiii 
intact  is  deposited,  not  more  than  0*5  pt.  of  the  salt  per  100  ^.  of  ehromie  txundi 
being  left.  Finally,  the  excess  of  the  nitric  acid  used  is  dnven  off  by  erapontiag 
nearly  to  dryness,  adding  a  little  water,  evaporating  again,  and  so  on  sereral  tiai^ 
till  no  fumes  are  observable  on  testing  with  a  rod  wetted  with  amnonia.  Tk 
chromic  trioxide  may  then  be  easily  crystallised  out.  It  is  ybtj  nearlT  jm,  lid 
may  easily  be  obtained  perfectly  pure  by  precipitating  the  small  trace  of  nriim  pn* 
sent  with  sulphuric  acid,  evaporating,  and  crystallising  out  the  chromic  triondsu 

The  process  here  described  might  be  carried  out  on  a  large  scale.  In  tliat  cmi 
the  excess  of  nitric  acid  might  be  condensed,  and  the  barium  nitimta  fonaed  is  tW 
process  might  be  employed  for  the  making  of  barium  chzomate  (Dnrillian,  CnifL 
rend.  Ixxv.  211). 

Reaction  with  Iodine. — When  iodine  is  placed  in  a  concentrated  solution  of  ^ro- 
mium  trioxide,  the  liquid  becomes  dark-coloured,  and  assumes  a  syrupy  eonsislaei. 
It  refuses  to  crystallise,  and  may  be  rendered  scalv  by  spreading  on  glsM  plstst. 
When  ignited  it  leaves  a  residue  of  green  chromic  oxiae. 

There  appears  to  be  some  indication  of  the  formation  of  a  volatile  eompoud  of 
chromium  and  iodine,  but  if  so,  it  is  decomposed  at  a  temperature  bot  litUe  ibon 
that  at  which  it  is  formed,  and  it  has  not  been  isolated. 

If  to  the  solution  of  chromium  trioxide  and  iodine,  sulphuric  add  be  added,  tks 
iodine  is  rapidly  oxidised  to  iodic  acid ;  but  the  reduction  of  the  chromic  add  ii 
never  complete  (J.  Walz,  Chem.  News,  xxvi.  246). 

Combination  of  Chromic  acid  with  Wool  and  8Uk. — Chromic  acid,  notwithstandbg 
its  energetic  oxidising  power,  possesses  the  property  o!  uniting  directly  with  im 
and  silk,  and  of  producing  with  these  animal  fibres,  without  altering  them,  a  jtOaw 
combination  which  will  bear  washing.  To  dye  white  wool,  it  is  first  passed  thnwl 
a  bath  at  60°  containing  sodium  carbonate  to  the  extent  of  about  one-fifth  the  wei^ 
of  wool,  to  get  rid  of  the  last  traces  of  sulphurous  acid,  and  then,  after  being  waihsd, 
introduced  into  a  bath  of  chromic  acid  composed,  for  each  kilogram  of  wod  toU 
dyed,  of — 

Potassium  dichromate fiO  _ 

Sulphuric  acid  of  66° 60      „ 

Water 40to50  litres 


To  obtain  a  veiy  fine  straw-yellow,  the  wool  is  kept  in  the  bath  for 
at  30^ ;  to  obtain  darker  shades  the  skeins  are  turned  for  20  minutes  at  a  Ugkr 
temperature,  which,  however,  it  is  useless  to  raise  above  60°.    The  wod  is  tb« 
washed  in  abundance  of  water. 

As  cotton  is  not  dyed  under  these  conditions,  it  may  thus  readily  be  detected  vImi 
mixed  with  wool  or  silk. 

The  chromic  acid  combined  with  the  wool  retains  some  of  its  characteristie  pro* 
perties.  Without  leaving  the  animal  fibre,  it  may  be  converted  into  lead  chromti^ 
or  reduced  by  sulphurous  acid  to  the  state  of  oxide. 

A  variety  of  colours  mav  be  produced  by  further  dyeing  the  yeUow  wool  vitk 
logwood,  madder,  Brazil  wood,  &c. 

When  wool  so  dyed  with  chromic  acid  is  introduced  into  a  natural  wine,  it  tiko^ 
after   prolonged  ebullition,  a  characteristic  clear  brown   tint,   always   ths 
wherever  the  wine  has  been  produced.    Such  wool,  placed  in  a  mixtnze  of 
and  water  fraudulently  coloured,  takes,  if  the  added  colour  is  influenced  by 
acid,  a  tint  which  shows  clearly  the  nature  of  the  fraud  ( Jacquemin,  Cowui, 
Ixxix.  528). 

Chromates.  Neutral  potaseium  chromate,  KHjtO\  is  converted  into  the didr»> 
mate  K'CrO*.CrO'  by  the  action  of  carbonic  acid ;  also,  with  evolution  of  «— »«^", 
when  its  aqueous  solution  is  boiled  with  sal-ammoniac  (F.  Mohr,  ZeOsekr,  ommL  Cl«ik 
1872,  278). 

A  salt  which  has  the  composition  K'B.KjrH)^\  and  may  perhaps  be  regarded  li 

potasaio-chromio  dichromate,  /Q^cyiyc  (CrO')'  +  H^O,   is  formed  by   the    aedon  of 

nitrogen  tetroxide  on  a  boiling  solution  of  potassium  dichromate  in  filming  nitric  add. 
Jt  is  a  brown -violet  amorpViovia  '^"w^^t^ 'm\!tiQt\)X.  \»&\a  ^t  \5i&s^vDdnI^^UA  imtatv, 
alcohol,  acetic  acid,  &c.    Sp.  gc.  *11%  «lV.  W*  .   '^>wtT\.\xs»S«ft.  ^Swsr?^  ^^«*  '^laMdisj^ia^ 
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Nitrie  acid  Mare«ly  acts  upon  it  at  ordinary  temperatures,  but  diesolyes  it  partially, 
when  heated,  with  formation  of  chromic  acid.  Sulphuric  acid  also  does  not  dissolve 
it  in  the  cold,  but  when  heated  with  it,  forms  a  solution,  which,  when  neutralised  with 
anunonia,  yields  ammonium  chromate.  Aqueous  sulphurous  acid  dissolves  it  but 
slightly  ;  hot  concentrated  hydrochloric  acid  dissolves  it,  with  evolution  of  chlorine. 
A  mixture  of  this  salt  with  potassium  chlorate  detonates  by  heat,  but  not  by  percus- 
sion (Tommasi,  BuU.  Soc.  Chim.  [2],  zvii.  39G). 

Potatnum  Chlorochromate,  KCl.CrO',  treated  with  ammonia,  3rields,  according  to 
Heintea  (2nd  Suppl,  333),  the  salt  (CrO^^OK)'.  A.  Leist,  on  the  other  hand,  obtains 
by  this  reaction  nothing  but  potassium  dichromate  mixed  with  ammonium  dichromate 
ud  a  small  quantity  of  chromic  oxide  (J,  pr,  Chem,  [2],  v.  332). 

L§ad  Chromate, — When  neutral  lead  chromate  is  treated  with  about  twice  its 
weight  of  boiling  concentrated  nitric  acid,  about  98*79  per  cent,  chromic  add  and  only 
1*21  per  cent.  1^  oxide  are  dissolved,  the  remainder  of  the  lead  being  precipitated 
as  nitrate  in  the  crystalline  form.  On  adding  more  water  the  whole  of  the  lead  is 
reconverted  into  neutral  chromate,  PbCrO*  (Duvillier,  Ann,  Chim.  Phya.  [4], 
xzx.  204). 

For  the  estimation  of  leadsulphate  in  commercial  lead  chromate  (chrome-  • 
yellow,  chrome-orange,  &c),  Duvillier  mixes  1  part  of  the  pigment  with  2  or  3  parts 
of  nitric  aoid  of  1*42  sp.  gr.,  1  to  2  parts  of  water  and  \  part  alcohol,  and  gently  heats 
the  mixture.  By  careful  evaporation  to  dryness,  so  as  to  avoid  decomposition  of  the 
resulting  chromic  nitrate,  and  solution  in  water,  the  amount  of  undissolved  lead 
snlj^te  may  be  determined  with  tolerable  exactness  {Compt.  rend.  Ixxvi.  1362). 

Wittstein  (IHngLpol.  J,  ccx.  280)  regards  this  method  as  inexact,  and  recommends 
the  following  process  for  estimating  the  lead  sulphate  and  other  impurities  present  in 
chrome-yellow,  such  as  the  sulphates  of  barium  and  calcium,  and  caroonate  of  calcium. 
The  pigment  is  boiled  for  half  an  hour  with  soda-solution,  and  the  residue,  after 
thorough  washing,  is  dissolved  in  acetic  acid  ;  the  liquid  filtered  from  the  undissolved 
barium  sulphate  is  treated  with  hydrogen  sulphide  to  precipitate  the  lead  ;  the  lead 
sulphide  is  dried  at  100^  and  weighed;  the  barium  still  present  is  precipitated  by 
sulphuric  acid,  and  the  calcium  with  ammonium  oxalate.  The  alkaline  liquid  filtered 
from  the  lead,  barium,  and  calcium  precipitates  is  strongly  supersaturated  with  hydro- 
chloric acid,  the  sulphuric  acid  is  precipitated  hj  banum  chloride,  and  then  the 
chromic  add  is  thrown  down  by  neutralising  the  acid  with  ammonia,  adding  a  further 
quantity  of  barium  chloride  if  necessary. 

Bismuth  Chromates. — Two  of  these  salts  were  described  by  Lowe(i.  932),  and 
four  others  have  been  prepared  by  Muir  (Chem.  Soc.  J.  1876,  ii.  15 ;  1877,  i.  24,  645). 

a.  3Bi*0'.20rO'  is  obtained  by  precipitating  a  nearlj^  neutral  solution  of  bismuth 
nitrate  with  potassium  dichromate  ^Lowe),  or  l^  the  action  of  caustic  potash  on  the 
nit  S  or  f  (Muir).  For  its  formation  f^m  the  second  of  these  salts  Muir  gives  the 
equation : 

3BiK)».7CrO»  +   lOKHO  «  8Bi*0».2CrO«  +   5K»CrO*  -I-   5H'0; 

ita  fbrmation  from  9  may  be  represented  by  the  equation : 

8(5Bi«0«.llCrO»)  4-  46KHO  =  5(3Bi»0«.2CrO»)   +   28K«CrO«  +   28H«0. 

Lowe  describee  it  as  an  egg-yellow  flocculent  precipitate,  which  after  awhile  becomes 
dense  and  crystalline.  Muir  obtained  it  in  the  form  of  a  heavy  dark  brown-red  salt, 
insoluble  in  water. 

fi,  BiHy.CrG',  obtained  by  boiling  the  following  salt  with  dilute  nitric  acid,  or  by 
treating  it  with  alkali,  is  a  vermilion-coloured  salt,  consisting  of  an  aggregate  of 
very  minute  microscopic  needles,  insoluble  in  water,  but  easily  dissolved^by  dilute 
hydrochloric  acid ;  it  is  also  dissolved,  though  not  so  readily,  by  dilute  nitric  or 
sulphuric  acid.  Hot  caustic  soda-solution  partly  dissolves  it,  and  partly  converts  it 
into  a  yellow  chromate  [probably  3Bi'0*.2CM)']. 

7.  BiK)'.2CrO'  is  obtained  by  precipitating  an  acid  solution  of  bismuth  nitrate 
with  potassium  chromate,  and  crystallises  with  1  mol.  H^O  in  orange-yellow  needles, 
belonging,  according  to  Burghardt's  measurements,  to  the  orthorhombic  system,  and 
apparently  exhibiting  the  combination  oo^Poo .  ooP  .  P. 

8.  dBi'OMlCrO",  obtained  by  prolongftd  heating  of  y  with  dilute  nitric  acid,  is  a 
heavy  reddish-orange-coloured  salt  crystallising  'with  6H'0. 

t.  3Bi«0*.7CrO«  (at  100°),  obtained  by  treating  fi  first  with  strong  and  then  with 

dilute  nitric  acid ;  is  a  light  orange-coloured  salt,  insoluble  in  n-aterjbut  ea»ily  dissolved 

by  mineral  acids,  especially  by  hydrochloric  acid.     Strong  hydrochloric  acid  dissolves 

it  without  the  aid  of  boAt,  with  evolution  of  chlorine  and  foTmatioii  ot  tc  ^axVl  ^i^kmV 

eoJonred  liquid.     Cold  cnnntic  potash  partly  dissolves  it,  and  coTr?eT\a  \\.  vuXft  ^  \wi«fe 
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bulky  light  yellow  salt.  Boiling  potash  converts  it,  and  likewise  the  preeeding  nit 
into  the  sesqnibasic  salt  8BiH)*.2(M>*. 

(.  Bi^O*.4CrO'  is  obtained  by  boiling  0  with  strong  nitric  acid,  the  reactioii  proUbl^ 
taking  place  in  the  manner  represented  by  the  following  equation : 

6(Bi*0».CpO«)  +   8N0»H  «  Bi«0».40rO«  +  Bi«0».2CrO»  +  4(BiH)«.N«0»)  +  4W). 

It  forms  red  ciystals,  which  appear  under  the  microscope  as  monodinic  prisiM,  nd 
contain  1  mol.  H^O,  which  is  not  given  off  at  100^.  It  is  insoluble  in  watar  wfastbr 
hot  or  cold,  easily  dissolved  by  dilute  nitric  or  hydrochloric  acid.  Strong  IqfdrocUorie 
acid  dissolves  it,  with  evolution  of  chlorine.  When  veiy  gently  heatad  over  a  Boms 
flame,  it  parts  with  its  water  of  aystallisation,  and  at  high  temjperainvas  it  dscon- 
poses,  giving  off  red  ftimes,  and  leaving  a  dark  green  powder  partly  ■oluUe  in  addi 

The  mother-liquor  of  this  salt,  3rield8,  when  pourea  into  water,  a  yellow  pndptiu, 
consisting  of  the  salt  BiK)'.20rO',  which  is  likewise  obtained  by  diasolving  the  nbj. 
coloured  salt  in  a  small  quantity  of  strong  nitric  acid  and  pouring  the  sdluti<Hi  into  vitcr. 

camTBAiraBZC  ACZB,  Oi«H«N«0»»C>«HXNO>}«0«  (Liebermann  a.  Oietil, 
Deut.  Chem,  Ges,  Ber,  viii.  1643 ;  ix.  329).  This  acid,  onginaUy  obtained  hom  tloct 
by  the  action  of  nitric  acid  (i.  955),  was  formerly  regarded  as  the  tetranitro-deriTitiT* 
of  cbrysophanic  acid,  since  Be  la  Kue  a.  Muller,  by  treating  chiysophanie  add  with 
fuming  nitric  acid,  obtained  a  product  which  they  regarded  as  idientical  with  tka 
chrysammic  acid  from  aloes  (1st  Svppl.  460).  Chrysopmmie  acid  has  however  beat 
latdy  shown  by  Liebermann  a.  Fischer  (Veut,  Chem,  Gea,  Ber,  viii.  1103)  to  be^  not 
C>«H"0«,  but  C**H»0«,  tliat  is  to  say  a  derivative,  not  of  anthraome,  G>«H^  bitof 
methylanthracene,  C'^H'*.  Hence  if  the  tetranitio-derivative  of  chxysophaBie  add  ii 
really  identical  with  chrysammic  add  from  aloes  (the  analyses  of  wnicn  show  that  it 
contains  only  14  atoms  cSf  carbon),  the  methyl-group  of  the  durysophanie  add  mnt  be 
removed  by  the  oxididng  action  of  the  nitric  acid  going  on  simultaneouily  with  the 
introduction  of  the  NO'-groups. 

To  dedde  this  question,  Liebermann  and  Giesel  have  endeavoured  to  replaee  the 
nitryl-groups  of  chrysammic  acid  from  aloes  bv  hydrogen,  so  as  to  obtaiii  the  bob- 
niti^'lised  primary  substance  from  which  it  is  aerived.  If  chrysammic  aeid  is  leaUj 
tetranitrocjuysopnanic  acid,  the  substance  thus  obtained  should  be  ehrysophame  add; 
whereas  if  tne  product  should  be  another  substance  reconvertible  into  ehijsamBie 
add  by  direct  nitration,  then  this  substance,  and  not  chrysophanic  add,  must  be  thi 
primary  of  chrysammic  add.  The  result  has  shown  that  chrynmmie  idA  is  a  deri- 
vative, not  of  chrysophanic  add,  but  of  anthracene,  and  has  moreover  brought  to  light 
the  diozyanthraquinone  from  which  it  is  immediately  produced. 

Bydroobrjsammlde,  C>«H*>N«0«»C>«HXN^«0^    This  bodv,  diseov«rad  I7 

Schunck  (iii.  191),  is  the  product  of  the  action  of  redudnff  agents  on  carvsannnie  ad^ 
and  is  formed  from  the  latter  by  substitution  of  (^B*y  for  (NO*)^  "Wlien  potaMtn 
chrysammate  is  added  to  a  slightly  alkaline  solution  d  sodium  sulphydzate  of  ^  gr. 
1  '05,  as  long  as  it  will  dissolve  (about  30  grains  to  a  litre)  reaction  bwina  noa- 
taneously,  and  may  be  asdsted  by  heating  the  liquid  for  a  short  time  to  ue  boum 
point.  The  blue  solution  must  be  quicklv  filtered  and  left  to  cool  do^y,  wharsupoa 
the  whole  solidifies  to  a  mass  of  needles  Laving  a  splendid  ooppezr  lustre,  ^nisse  sie 
washed  on  a  filter,  first  with  water,  then  for  several  days  wiUi  dilute  aeetie  add,  to 
remove  adhering  inorganic  salts,  then  dried,  and  exhausted  with  carbon  mdphide  to 
remove  sulphur  precipitated  at  the  same  time.  The  substance  thus  purified  gate  bj 
analysis  55*26  to  55*83  per  cent,  carbon,  3*48  to  3*99  hydrogen,  and  18*87  nitnfw, 
Agreeing  dosely  with  the  formula  C'*H"N*0*,  which  requires  66*00  per  cent  C, 
400  H.,  and  18*67  N.,  whereas  the  formula  C*«H"NK)*,  proposed  by  SdiundE,nqaim 
50*60  C,  3-61  H.,  and  16*86  N. 

HydrochiTsammide  dissolves  without  alteration  in  strong  sulphuric  add,  and  ii 
reprecipitated  therefrom  by  water.  If  only  a  small  quantity  of  water  be  added,  the 
whole  solidifies  to  a  pulp  of  yellow  needles  of  a  sulphate,  fW>m  which  the  sdiilnme 
acid  is  easily  removed  by  a  larger  quantity  of  water. 

Hydrochrysammide  treated  with  nitrous  aeid  is  converted  into  a  diaso-eoBuouid, 
and  on  boiling  this  compound  with  absolute  alcohol,  and  pouring  the  aloobolie  fittrate 
into  water,  a  yellow  precipitete  is  formed,  consisting  of  chrysazin,  0'*HK)\  one  of 
the  modifications  of  dioxyanthraquinone ;  and  this  substance,  treated  with  lamiiig 
nitric  add,  is  converted  into  tetranitrochrysazin,  C'*H\NO')H)\  identicd  in 
every  respect  with  chrysammic  acid  obtained  from  aloes. 

Kespecting  the  crystelline  form  of  chiysammic  acid,  and  the  propertiee  of  itf  sdti, 
see  p.  108  of  this  volume. 

CBXTBASOBHIt  Aroroba  powder^  BdK\a  ^powd«r,  (zoa^pcmydet.    *Y^Miibmw>i 

are  applied  to  the  pitih  of  a  Ueft— Wougiu%  Xa  \>\^  YegomMVKyaa  ^t^t,  ^ftncti^^  Xii'^ 
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SIta  (Phairm.  J.  Thuu.  [8],  r.  723) — a  species  of  Cssalpinia,  according  to  Holmes 
ibid,  801)»  used  as  an  external  application  in  certain  skin  diseases.  It  is  a  Tery  pro- 
inctiTe  source  of  chrysophanicacid,  containing,  according  to  Attfleld's  aiudysis 
[ibid.  721),  80-84  per  cent,  of  that  substance,  together  with  7  per  cent,  of  arabin, 
bitter  subiBtances,  and  a  glucoside  (not  further  examined),  2  per  cent,  resinous  matters, 
!^*5  woody  fibre,  1  moisture,  and  0'5  ash. 

CMMTUMJUir,  OH»N>S'  (Walbich,  Deut.  Chem.  Gea.  Ber.  vii.  902).  A  sulphur 
IcriyatiTe  of  hydrocyanic  acid,  formed  by  the  action  of  hydrogen  solplude  on  a  oon- 
sentnted  solution  of  potassium  cyanide  in  water  or  in  dilute  aqueous  ammonia.  The 
best  result  is  obtained  by  just  covering  100-200  grams  of  potassium  cyanide  with 
water,  and  passing  in  sulphuretted  hydrogen  till  the  mass  becomes  black  and  opac^ue. 
The  yellow  flocks  which  settle  to  tlie  bottom  may  then  be  separated  hy  filtration, 
waahed  with  cold  water,  and  purified  by  crystallisation  from  hot  water.  The  reaction 
may  be  represented  by  the  equation : 

4CNK  +  4H«  -  2K«S  +  NH»  +  0«H»N»S». 

OhzTsean  has  a  very  beautiful  colour,  like  that  of  mosaic  gold.  It  dissolves  with 
great  di£Bculty  in  cold  water,  more  easily  in  boiling  water,  and  crystallises  from  the 
solution  in  flat,  flexible  needles :  the  aqueous  solution  has  a  neutral  reaction.  Ghiysean  is 
soluble  also  in  alcohol  and  ether,  as  well  as  in  acids  and  alkalis,  and  crystallises  out 
onehanged.  The  solution  in  sulphuric  acid  or  hydrochloric  acid  immediately  imparts 
a  red  colour  to  pine  wood. 

In  aqueous  solutions  of  chrysean,  acetate  of  Uad  produces,  after  a  time,  a  dull 
white  precipitate  which  soon  turns  black — the  blackening  takes  place  at  once  when 
heat  ia  applied ;  ferric  chloride  with  heat  gives  a  black  precipitate ;  eilver  nitrate  a 
deejp  red  precipitate,  which  very  quickly  becomes  black ;  platinio  chloride  (with 
addition  of  HCl)  produces  at  once  a  brown  precipitate. 

When  the  aoueous  solution  is  warmed  on  tee  water-bath  with  tnereurie  oxide  till 
the  yellow  liquia  becomes  colourless,  and  then  flltered,  a  residue  is  obtained  consisting 
of  mercuric  sulphide,  and  a  filtrate  containing  basic  mercuric  cyanide,  showing  that 
the  chr3rsean  has  been  split  up  into  sulphuretted  hydrogen  and  prussic  acid. 

Nitious  acid  produces  a  remarkable  alteration  in  chrysean.  If  to  an  aqueous 
solution  of  chrysean  some  fuming  nitric  acid,  or  diluted  nitric  acid  and  sine,  or  potas- 
sium nitrite  and  sulphuric  add,  is  added,  the  liquid  is  immediately  coloured  rea,  and 
^he  vessel  becomes  filled  with  nd,  spongy  flocculi,  which  form  when  dry  an  amorphous 
mass  having  a  green  lustre.  This  red  substance  is  very  slightly  soluble  in  water,  but  dis- 
solves somewhat  more  easily,  with  ftichsine-red  colour,  in  alcohol  and  ether.  It  is  easily 
taken  up  by  caustic  soda  and  potash,  also  with  a  red  colour,  and  is  again  thirown  down 
on  addition  of  acids.  It  is  not,  however,  rendered  pure  bv  this  operation,  since  partial 
decomposition  takes  place,  as  is  evidenced  by  the  smell  of  ammonia  on  solution  in 
alkalis,  and  by  that  of  sulphuretted  hydrogen  when  it  is  precipitated  by  acids.  The 
alcohoUc  solution  of  the  red  colouring  matter  shows  very  beautiful  colour-reactions 
when  mixed  with  alkalis.  A  fine,  but  very  transient  green  colour  is  produced  by  the 
addition  of  very  small  quantities  of  an  alkali ;  with  la^;er  quantities  Uie  solution  is  of 
a  fine  violet  colour,  but  this  soon  passes  into  a  dirty  red. 


G**H*'.  This  hydrocarbon,  originally  found  by  Laurent  among 
the  last  products  of  the  distillation  of  coal-tar,  is  luso  produced,  according  to 
BffiTthelot,  together  with  several  others,  when  benzene-vapour  is  passed  through  a  red- 
hot  tube  {let  Su/p]^,  469  ;  2nd  Siippl  888).  G.  Schultz  (Deut.  Chem.  Gee,  Ber.  vi.  415) 
has  obtained  by  Uiis  latter  process  four  hydrocarbons,  viz.,  diphenylbenzene,  0**H*\ 
melting  at  205°,  and  an  isomeride  which  melts  at  85° ;  also  two  others  which  melt  at 
266°  and  196°  respectively,  the  latter  forming  a  picrate.  He  regards  Berthelot's 
chrvsene  as  different  from  Uie  chrysene  obtained  from  coal-tar,  and  as  identical  with 
diphenylbenzene.  Berthelot,  on  the  other  hand  (^BuU,  8oc.  Chim,  [2],  xxii.  437), 
maintains  that  his  chrysene  obtained  by  decomposition  of  benzene  is  shown  by  analysis 
to  have  the  composition  of  triphenylene,  C'H" ;  moreover,  that  it  differs  firom  Schultz*s 
dif^enylbenzene  by  its  property  of  combining  with  picric  acid.  He  regards  Schultz's 
hydrocarbon  as  a  hydride  of  chrysene. 

Chrysene  is  also  formed,  together  with  diphenyl-anthracene,  hydrocyanic  acid, 
ammonia,  ammonium  cyanide,  and  free  carbon,  when  aeohenzene  is  passed  through  a 
red-hot  tube  (Clans  a.  Seeker,  Deui.  Chem.  Gee.  Ber,  viii.  37). 

Ghrysene  has  been  further  investigated  by  £.  Schmidt  («/.  pr,  Chem,  [2],  ix.  250, 
270),  with  the  following  results : 

Pure  chrysene,  C*'M",  may  be  prepared  by  the  action  of  tin  and  hydrochloric  acid 
am  the  componnd  of  chrysene  and  ainitro-anthraquinone  produced  b^  tx^Biidna  «a\ 
ilcobolic  eolation  of  commercml  anthracene  with  nitric  add  (5.  \^V^.    \\.  crj^SXx^w^ 
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from  bexuBene  or  glacial  acetic  acid  in  well'deflned  coIohtIms  platfM,  belongiDg,  araori* 
ing  to  Hahii*8  measnrements,  to  the  orthorhombic  ajitcm.  Axial  latig^ 
a  :  6  :  c=l  :  1*376  :  2*490.  Combination,  P  :  OP,  the  Utter  &C6  predonimtiBf 
80  far  that  the  crystals  appear  like  plates.  Angle  P  :  P  on  the  front  t«imiial  9ip 
=  150*6°;  on  the  side  terminal  edge,  79*6°;  on  the  lateral  edges,  144^.  Chijigfc 
melts  at  250°,  sublimee  below  ite  melting  point  in  shining  lamiioe,  and  boib  at  t 
temperature  considerably  above  360°.  It  dissolves  but  very  slightly  in  aledhol,  eChir, 
carbon  sulphide,  bensene  and  acetic  acid  at  ordinary  tempermtaiWK  mneh  monnadih, 
especially  in  the  last  two  solvents,  at  the  boiling  heat.  The  solationa  as  well  as  tai 
crystals  exhibit  a  deep  reddish-violet  fluorescence.* 

Additiok-pbodvcts.  Chrysenedoes  not  take  up  hydrogem,  mth»  when  iti 
alcoholic  solution  is  boiled  with  sodinm-amalffam,  or  when  it  is  baatsd  to  20<P  vith 
concentrated  hydriodic  acid  and  amorphous  phosphorus. 

Trinltroptaenol-Olirj|Mne,  G>"H".0«H*rNO*)'0,  is  obtained  in  lai«  nd 
needles,  by  gradual  evaporation  of  a  mixture  of  Uie  moderately  ooneentiated  solstioM 
of  chrysene  and  picric  acid  in  benzene. 

Blnltroantlinmiilnone-cnbrjMiie,  0"H".0>«HXNO*)>0*,  is  obUined  Iiydit. 
solving  40-50  grams  of  the  gr^nish-yellow  commercial  anthracene  meltinff  st  207*. 
208°  in  5  litres  of  alcohol  of  95  per  cent,  adding  80  grams  of  nitric  add  of  sp.  gr.  1*4 
to  the  filtered  solution,  and  boiling  the  liquid  in  a  flask  connected  with  a  rsrsnid 
condenser.  The  fine  red  needles  thus  formed  are  the  pure  oompound.f  It  BM^ts  with 
partial  decomposition  at  294°,  is  almost  insoluble  in  alcohol,  ether,  eaibon  snlplikk, 
benzene  and  chloroform,  and  dissolves  sparingly  in  boiling  glacial  acetic  add. 

Dinitroanthraquinone-chrysene  is  converted  by  fumixw  nitric  add  into  di&itio- 
anthraquinone  and  tetranitrochiysene,  and  hot  concentrated  sulphuric  add  daeonposM 
it  into  a  sulphonic  acid  of  chrysene,  and  a  dinitro-anthiaquinone  identical  with 
Fritzsche's  reagent  {1st  Svppl,  181,  and  p.  99  of  this  volume).  Treated  with  tin  sh! 
hydrochloric  add  it  yields  dunraene  and  reduction-products  of  dinitfO-anthraquBoot. 
It  was  formerly  regarded  by  BoUey  as  mononitro-anthracene  (p.  94). 

SuBSTiTUTxoK-PBODucTs.  ]>lbromo«oliryB«Be«  C^'H^'Br',  is  IbnMd  bj 
the  action  of  bromine  on  a  solution  of  chrysene  in  carbon  sulphide.  It  is  mrj 
sparingly  soluble  in  all  solvents,  and  crystallises  from  boiling  beniene  in  wdl-dsflned 
glistenmg  white  needles,  mdting  at  273°.  When  heated  it  sublimes  in  hrillisBt 
needles.  Alcoholic  potash  acts  on  it  only  at  170^-180°,  chrysene  being  appaiBath 
regenerated.  On  boiling  it  careftUly  with  potassium  dichromate  and  smphBrie  aei^ 
or  a  solution  of  chromic  trioxide  in  glacial  acetic  acid,  chrysoqninone  is  IubmI 
Fuming  nitric  add  dissolves  it,  with  liberation  of  bromine  and  formation  of  mtio- 
product^ ;  the  final  product  seems  to  be  a  tetranitro-dirysene. 

*  Pulverised  chrysene  absorbs  bromine-vapour,  and  is  converted  into  a  yeHow-brava 
mass,  from  which,  by  washing  with  ether  and  recrystallisation  from  beBBsne,  whits 
needles  are  obtained,  yielding  by  analysis  36*48  and  36*29  per  cent.C,  1*64  and  1*49 
H.,  61*97  and  62*12  Br,  whence  they  appear  to  consist  of  a  mixture  of  tetrabromo- 
chrysene  with  more  highly  brominatM  derivatives. 

OliloroiairjBeiieB.  When  chlorine  is  acted  upon  by  chrpene  at  100°,  thi 
principal  product  conmsts  ofdichlorochrysene,  C**H**Oi',  which  njnfnllisis  torn 
benzene  in  soft  white  needles,  melting  at  267^.  It  is  almost  insoluble  in  alcohol, 
ether,  and  carbon  sulphide,  a  little  less  soluble  in  hot  benzene,  and  sublimes  in  birillisBt 
needles.  Alcoholic  potash  and  nitric  acid  act  on  it  under  the  same  conditions  as  thmr 
do  on  the  dibromo-compound.  When  chlorine  is  passed  over  chiysene  at  160"-17ir, 
trichlorochrysene,  C"H*C1*,  is  formed,  which  crystallises  from  benaeos  in  Am 
needles,  melting  above  300°,  and  dissolving,  but  very  sparingly,  in  boiling  aleohol, 
ether,  and  chloroform. 

xritrooliryseiiBs.  Chrysene  boiled  with  nitric  add  in  alcoholic  solutioii  is  voy 
slowly  converted  into  mononitroohrysene,  CH^^NO*);  the  same  componnd  if 
formeid  much  more  rapidly  by  heating  the  hydrocarbon  with  nitric  add  of  sptal^t 
gravity  1*25  on  a  water-bath.  It  is  purified  by  subliming  the  product  and  iBcrjstol- 
lising  the  yellow  needles  thus  obtained  from  benzene.    It  crystallises  in  thlckpiisBS 


*  Aooording  to  H.  Morton  (Ameriean  ChtmUtt  t.  115)  the  flnonsoence  and 
rbiyaene,  liquid  or  dissolved,  aro  veiy  much  like  thorn  of  anthraoene,  thongb  not  Identioel 
iMilid  cLrysene  exhibits  4,  dissolved  chrysene  5  maxima  of  light  in  its  fluoreaoenoe  spcet 

I  KMitions  being  affected  bytlie  solvent  (chloroform,  benzene,  tarpentineH>il,  eCber).    Two 

Hbflorption-bands  were  observed.    Insolation  displaces  the  maxima  of  solid  iIiijwmi  to  the  Ms  d. 
greatest  refraction,  and  dnrelopa  %.  fifth  toaximam. 

t  In  the  mother-Uquor  ot  tbi&  oomvoxm^  dL\ftac«DX  vcoAaicAa  vc%  UranilAaiScafi&uq»  VGAfcSMgdaoM 
and  phenantbrane,  whicb  latUc  U  not  acJtAQL  u'^ouVs)  ixtil^n  «fAd^Nxi  %5il  ^c»^t;S&!&  wSMdn^  vaft.  >^<^aBk 
evi^y  obtained  prnre. 
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which  are  gronped  in  stars,  melt  at  209^,  and  are  very  sparingly  soluble  in  alcohol 
ether,  and  carbon  snlphide,  more  freely  in  benzene  and  glacial  acetic  acid.  When 
finely  dirided  chiysene  is  boiled  for  some  time  with  nitric  acid  of  specific  gravity  1*3, 
Laurent's  nitrite  de  ekn^sevase,  CH*0  +  N'O',  is  obtained,  which  is  a  mixture  of  the 
mono-,  di>,  and  tetranitro-compoonds.  On  heating  this  prodnct  carefiilly,  the  tetra- 
nitrochiysene  is  carbonised^  while  the  two  other  compounds  sublime.  They  are  sepa- 
rated by  reciystallisation  from  benzene  or  acetic  acid.  Dinitrochrysene, 
C'*H**(NO']F,  is  almost  insoluble  in  alcohol,  ether  and  benzene,  and  ciystallises  firom 
glacial  acetic  add  in  fine  yellow  needles  melting  above  SOO^ ;  it  sublimes  in  long 
yellow  needles.  Tetrani  trochrysene,  C"H*(KO*)\  is  formed  from  the  preceding 
deriTatiTes  by  the  action  of  fuming  nitric  acid,  or  by  pnrolonged  boiling  with  rery  strong 
nitric  acid.  It  crystallises  in  yeUow  needles,  is  nearly  insoluble  in  all  solvents,  dis- 
solves but  sparingly  in  glacial  acetic  add,  melts  at  a  temperature  above  800^,  and 
detonates  at  a  stronger  heat  (Schmidt). 


A  yellow  basic  substance,  said  to  be  prodnoed  by  boiling 
chrysene  with  water  containing  hydrochloric  acid,  and  then  adding  ammonia  (rhipson, 
CAem.  NevM,  xxx.  69). 


r,  C**H'*0*.  This  compound,  the  diozyquinone  of  chiysene, 
has  been  extracted  by  Clans  {Dettt.  Chem.  Ges.  ^er.  viii.  1 67)  from  an  artificial  ausarin 
pfijite  obtained  from  the  fiactorjr  of  Meister,  Lucius  and  Brnning.  On  neutralising 
this  paste  with  potash,  and  subjecting  the  dried  potassium-compounds  to  fractiomd 
boiling  with  alcohol,  the  chrysezarate  is  first  dissolved,  with  olood-red  colour,  and 
aftemnuds  the  alizarate  with  violet  colour.  The  two  salts  differ  so  greatly  in  their 
solubility  in  alcohol,  that  an  almost  quantitative  separation  may  be  effected  in  this 
manner.  On  evaporating  the  first  alcoholic  extracts,  the  chrysezarate  remains  as  a 
neutral  mass  of  dark-brown  nearly  black  colour,  quite  difierent  from  the  violet-brown 
of  the  alizarate. 

Potassium  chrysezarate  dissolves  readily  in  water,  forming  a  vellow-red  solution 
ftom  which  adds  throw  down  the  chrysezarin  as  a  bulky  gelatmoua  lemon-yellow 
predpitate. 

Cnrysezarin  dissolves  easily  in  boiling  glacial  acetic  add,  and  crystallises  therefrom 
on  cooling  in  dark  brown  needles  having  a  splendid  bronze  metallic  lustre ;  it  dissolves 
readily  tSao  in  alcohol  and  ether,  remaining  on  evaporation  of  these  solvents  in  the 
form  of  small  yeUow  needles.  It  is  insoluble  in  cold  water,  but  dissolves  sparingly  in 
boiling  water,  forming  a  yellow  solution,  which  on  cooling  deposits  slender  felted 
needles.  It  melts  above  300^,  and  sublimes  at  306^-310^.  mostly  in  featheiy  groups 
of  broad  needles  having  an  orange-yellow  colour  and  splendid  lustre. 


r,  0'»H»«0<  (J,  Piccard,  Dmt,  Chem.  Gee.  Ber,  vi.  884;  vii.  888). 
This  substance,  also  called  oiryeinio  acid,  was  first  obtained  b^  Piccard  fh>m  the  buds 
of  Pojmlue  nigra  and  P.  pyramidaUa.  He  has  since  obtained  it  fW>m  the  buds  of 
PcpiMU  monohfera  or  hdleamtfera,  and  now  adopts  the  following  method  of  extraction : 
An  alcoholic  extract  of  100  parts  of  the  buds  is  predpitated  ty  an  alcoholic  solution 
of  12  parts  of  lead  acetate,  and  the  next  day  the  liquor  is  filtered  from  the  precipi- 
tate, freed  from  lead  hj  hydrogen  sulphide,  and  subjected  to  distillation  in  oroer 
to  remove  the  spirit.  The  acid  liquor  remaining  in  the  retort  depodts  a  rednous 
mass,  which  is  to  be  once  ciystaUised  from  spirit,  and  then  freed  from  fat,  redn, 
sulphur,  salidn,  and  populin,  by  successive  treatment  with  absolute  alcohol,  ether, 
carbon  sulphide,  and  lK>iling  water.  Boiling  benzene  now  extracts  ftom  it  a  substance 
called  iectochrytin.  The  impure  substance  is  next  fhsed  at  a  temperature  of  276^,  in 
order  to  carbonize  certain  impurities,  then  dissolved  in  alcohol,  ana  treated  with  a  few 
drops  of  basic  lead  acetate,  freed  from  lead  by  means  of  hydrogen  sulphide,  and 
finaUv  crystallised  twice  from  spirit 

dbrysin,  when  pure,  forms  bright  yellow,  thin,  shining  plates,  which  mdt  and 
sublime  at  276°.  It  dissolves  in  a^ut  60  parts  of  hot  or  180  parts  of  cold  alcohol. 
Acetic  add  and  aniline  dissolve  it  with  moderate  facility,  ether  less  readily,  and 
carbon  disulphide,  petroleum,  benzene,  or  chloroform  scarcely  at  all.  It  is  insoluble 
in  water,  but  aqueous  alkalis  dissolve  it  with  a  yellow  colour,  and  if  the  solution  has 
aot  been  long  boiled,  unaltered  chrydn  is  precipitated  on  the  addition  of  an  acid ;  but 
by  prolonged  boiling  with  alkalis  chrydn  is  resolved  in  phlorogludn,  acetic  and  benzoic 
icids,  and  methyl-phenyl  ketone.  When  an  ammoniacal  solution  of  chrysin  is 
evaporated,  unaltered  chrysin  remains,  and  the  ammoniacal  solution  yiel<J8  with 
»lcium  or  barium  chlodde  a  yellow  precipitate,  which  becomes  black  when  exposed, 
in  the  moiflt  state,  to  the  air.  An  alcoholic  solution  of  chrysin  is  predpitated  by  lead 
icetate,  but  the  precipitate  is  soluble  in  excess  of  the  reagent  OTin  act^\tiyd<^.  s«m^ 
bloride  etrikea  a  violet  colour  with  an  alcoholic  Bolution  ol  ckurjam.  Coofi«ito»X«4 
9rtl  Sup,  'BlYL 
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Bulphnric  acid  and  nitric  acid  dissolTe  it  with  a  jellow  oobar,  and  the  latt«r  solntioB 
deposits  granular  crystals  of  nitrochrysin. 

IHbromoehryiin,  C"H'BrK)\  is  obtained  bj  mixing  an  alcoholic  solntioo  of  duyna 
▼ith  excess  of  bromine,  and  washing  the  slender  needles  which  are  deposited,  with 
alcohol  containing  bromine.  When  dried  OTer  solphuric  acid,  it  forme  a  felted  bhi 
of  silky  crystab  which  become  exceedingly  electric  on  palverisation. 

Di'iodochryrin,  0**H*IH)\— When  iodine  is  added  to  an  alcohoUe  solatioa  d 
chrysin,  the  action  is  slow  and  incomplete,  bat  the  addition  of  iodic  acid  eaam 
it  to  Uke  place  rapidly,  needles  of  diiodochrysin  being  deposited.  The  snn 
compound  is  formed  when  a  solution  of  iodine  in  potassium  iodide  is  added  tou 
alkaline  solution  of  chiysin.  Diiodochrysin  is  lees  stable  than  the  bromine-eonpoesd, 
losing  weight  and  changing  colour  at  100^. 

Diekhroekrjfgm,  0**H*01*0\  is  obtained  in  needles  when  a  solution  of  duyim  ii 
acetic  acid  was  subjected  to  the  action  of  a  stream  of  chlorine. 

DinUfoehrymn,  C"H"(NO*)H)«.— A  cold  saturated  solution  of  chxynn  in  stioiigBitm 
acid  soon  beonnes  warm,  evolves  nitrous  fumes,  and  deposits  a  ciyetalline  substaaee. 
The  same  body  may  be  obtained  by  adding  dilute  nitric  acid  to  chrjsin,  and  enpoia* 
tin^  off  the  acid.  The  product  thus  obtained  is  contaminated  wiUi  oxalic  tdd, 
resinous  substances,  and  aromatic  oily  substances.  It  is  purified  by  being  first  boiled 
with  water  and  then  with  alcohol,  after  which  the  residue  is  dissolved  in  *wH»M»tin^ 
and  on  evaporating  this  solution,  crystals  of  ammonium  dinitrockrynnate  are  obtained. 
This  salt  is  easily  f)urifled  by  crystallisation,  and  may  thenbe  decomposed  b^  an  acid. 

Dinitrochzysin  is  almost  insoluble  in  alcohol,  ether,  benzene^  &&,  but  dissolve  in 
hot  acetic  acid  or  aniline,  &om  which  it  may  be  obtained  in  large  ciystals.  It  fcnns 
two  compounds  with  ammonia,  an  orange-red  home  salt  which  is  veiy  slightly  soluUe, 
and  is  decomposed  by  being  boiled  with  water  into  ammonia  and  the  acid  taU»  This 
latter  has  a  bright  yellow  colour,  and  does  not  lose  all  its  ammonia  when  water  u 
repeatedly  evaporated  from  it. 

Bomoloffiaes  of  Cbryeln,  G>*H*(OH«-*i)0\  Piccard  (Demt.  Chem.  Qu.  Ber. 
vi.  891 ;  vii.  894;  x.  176).  These  bodies  are  formed  by  treating  chiysin  dissolved 
in  methyl-,  ethyl-,  and  amyl-alcohol  with  the  corresponding  iodides,  OH^^'I,  aad 
boiling  the  products  with  potash.  They  are  easily  separated  fhun  unaltered  duym 
by  extraction  with  chloroform,  which  leaves  the  chzysin  undisBolved. 

Methylchryiin,  or  Teciochryain,  C^*W^O*^C^^li\CB*)0\  exists  inpopfau>. 
buds,  together  with  chrysin,  is  contained  in  the  first  crude  product  of  the  pfeparstios 
of  the  latter,  and  may  be  separated  therefrom  by  its  much  greater  solubility  in  beueee. 
It  is  much  less  soluble  in  alcohol  than  chrysin,  and  crystallises  fWnn  alcohol  or  fitOD 
benzene  in  large,  well-defined,  sulphur-yellow,  monoclinic  prisms,  exhibiting  the  tfaicf 
following  combinations: 

(1).  OP.  oo5oo  .  ooP.?. 

2 

(2).    OP  .   OD^flO   .    00  P. 

(8).  OP  .  ooPoo  .  oc>P2  .  ?. 

2 

Asial  ratio :  Principal  axis :  Clinod. :  Orthod. 

1-64  :  1  :  1-86 

Angle  of  inclined  axes  «  53*6^. 

Methylchrysin  melts  at  163^-164^.  Its  bromine-derivative  has  the  compositioa 
C'«H»«Br«0*. 

EUhyUhrysin  forms  long,  silky,  thin  needles  melting  at  146^. 

Aw^hrvain,  from  amylic  alcohol  of  fermentation,  likewise  forms  thin  needles  whidi 
neltat  125^ 

Dibromamylekrysin,  G<>H^BrXG*Hl*)0^  formed  by  evaporating  a  solution  of 
bromine  and  amylchrysin  in  chloroform,  crystallises  in  slender  needles. 

Methyl-,  ethyl-,  and  amyl-chrymn  all  dissolve  sparingly  in  alcohol,  easily  in  beoaene 
and  carbon  bisulphide,  and  with  great  facility  in  chloroform,  and  are  thereoy  parfeetlj 
diiUngoished  from  chiyain. 

Chrysin,  as  already  observed,  dissolves  in  alkalis  with  deep  yellow  colour,  and  is 

resolved  by  prolonged  boiling  therewith  into  phloroglucin,  acetic  and  benaoie  adds, 

and  methylphenyl  ketone,  whereas  the  above-named  derivativf-s  are  not  soluble  in 

alkalis  and  are  but  very  slowly  attacked  by  them.  It  follows,  therefo  re,  that  chrysin  is  a 

phenol,  of  which  the  methyl  ausV  otYvet  iefv^^xX'^e^  w^  ^^«w.,  ^\A  >5c»x  ^»r|«cbL 

tains  onlj  one  hydroxyl-grox^p. 
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Cupric  iilicate  {v,  262). — L.  Hutching,  (3%4ifii.  Ainm,  xxxiy. 
141,  zzxTi.  18.  This  mineral  occurs  in  large  qnantitiee,  together  with  copperpitchblendp 
(Kupferpechert)  in  Mexico,  and  both  these  minerals  are  imported  into  ^igland  for 
copper-smelting.  The  chrysocoUa  is  lisht  bluish-green :  hardness  ^  4'0 ;  the  copper- 
pitchblende  dark  brown^  almost  black;  hardness  =^  60.  It  contains  large  quantities  of 
gypeum  intermixed,  and  here  and  there  copper  carbonates.  When  large  lumps  are 
broken  open,  they  often  show  drusy  cavities  in  which  the  chirsooolla  occurs  in 
botryoSdal  forms..  This  botzyoidal  chiysocoUa  is  always  coated  with  a  thin  layer  of 
quarts,  sometimes  amorphous,  but  more  frequently  m  very  minute  crystals.  The 
minerals,  which  were  very  pure,  were  dried  at  95^  for  some  hours  previous  to 
analysis : 

Ghiysoofdls.        Oopper-pltohblende. 

Silica  soluble  in  Na*00* 62*42  20*68 

Silica  insoluble  in  NaKX)*       ....  8*88                     7*35 

Gopner  oxide 26*69  28*69 

Lead  oxide      . 0*12                     0*41 

Ferric  oxide 0*26  1094 

Alumina —                       0*16 

Manganous  oxide trace  17*58 1 

Chnrgen —                      8*6   i 

CoMt  oodde trace                     0  86 

Zinc  oxide 0*34                     1*64 

lime 0*74                     0*92 

Magnesia 1*06                     — 

Water 6*18                     8*80 

100*69  100*81 

Chrysooolla  likewise  occurs  in  Lower  California,  in  tw»  distinct  varieties,  one 
portion  of  a  lump  being  hard,  vitreous,  and  of  a  fine  bluish  colour,  while  another 
portion  is  soft,  ewthy,  pale  bluish-white,  and  so  light  and  porous  as  sometimes  to 
float  on  water.  One  specimen  was  found  to  absorb  86*6  per  cent,  of  its  own  weight 
of  water. 

The  following  are  analyses  of  a  vitreous  and  an  earthy  speeimen,  the  finely 
pounded  minerals  having  been  dried  at  96°  for  some  hours : 

BiO*.       CoO.     PbO.     Fe"0*.  AlK)*.     ZdO.     OsO.     MgO.     H*0. 
Vitreous  67*07    24*96    0  26    0*27    0*66    0*09    0*81     0*37    6*86  »   100*22. 
Earthy    46*46    89*16    0*41     0*48    3*66    0*10    0*80    0*82    7*99  =»     99*86. 

The  mineral  of  these  deposits  is  doubtless  true  chrysoeolla  mixed  with  large 
quantities  of  opal  silica,  and  containing  a  certain  amount  of  silica  very  flnelj  dissemi- 
nated through  the  mass  as  quartz  and  chalcedony.  The  proportion  of  this,  roughly 
estimated,  is  about  3  per  cent  in  the  vitreous  and  less  than  1  per  cent,  in  the  e^thy 
variety.  The  latter  is  more  or  less  fusible,  apparently  in  conseouence  of  its  larger 
proportion  of  alumina,  while  the  vitreous  mineral  is  not  at  all  fusible. 

The  chrysoeolla  ore  of  Lower  California  likewise  contains  a  small  quantity  of 
what  appears  to  be  another  variety  of  copper-pitchblende.  Its  hardness  is  2  to  3, 
steeak  black,  and  it  melts  easily  before  the  blowpipe,  differing  in  these  respects  from 
the  variety  above  described,    Its  composition  is : 

SiO*.        CaO.     Fe*0'.     FeO.     OoO.     MnO.        O.       GaO.     ICgO.      BO*.      H*0. 

11*96     14*20    9*86    0*80    0*96    38*63     7*89    2*41     2-36    016     11*61  =-100-20. 

It  is  fimnd  only  in  thin  layers,  alternating  with  chrysoeolla  and  fibrous  gypsum. 

AlmnlBous  Oliryaooolla  from  Vtali.  Colour,  light  greenish-blue;  streak 
pale-blue ;  subtransluoent ;  hardness  not  much  over  2. 

fflO".  A1«0».  OnO.  H\). 

37*19  10*78  26*03  26*76 «  99*76. 

Hence  the  formula,  CuSiO'.2HK),  one  half  the  copper  being  reploced  by  an  equiva- 
lent amount  of  aluminium  (Santos,  Chem.  News,  xxxvi.  167). 


TSOXSIVa  or  MSTABIAXIBAZO] 

CUH»«N*  -  C'*H«.N«.(NH«)«  «  C^»— N=N— 0«H»(NH«)« 

(O.  N.  Witt,  J}eut.  Ch^m.  Qea.  Ber,  x.  360,  664 ;  A.  W.  Hotmaim,  ibid,  ^1^^.   Tka 
bmae,  intermediate  in  eompoeition  between  monamidazobeuieike,C^iL*.^^.'^lEi^  VjvuiXnAr 

9H2 
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yellow),  and  triamidazobenzene,  0*'H'.N'.(NH')'  (plien7leiie-bxown),wa«fliitobMniid 
by  Caro  (December,  1876).  who  obtained  it  by  the  action  of  metadfanudobeonn 
(mrphenylenediamine)  on  diazo-amidobenzene : 

C^*(NH»)'  +  'C*H»— N=N— NH(C«H»)  -  C«H»-N=N— C«H«(NHV 

+   C«H»(NH»); 

and  some  of  its  salts  were  prepared  soon  afterwards  ( January  1876)  by  Witt  (withnt 
preTions  knowledge  of  Caro's  result),  by  the  action  of  wi-diamidobeniefle  on  Jtnm 
salts  of  diazobenzene,  $.g.  the  hydrochloride, 

0»H«(NH«)»  +  Cra«— N=CN— CI  -  C«H»— N=N— C«H«(NHTF  +  Ha 

These  salts  form  colouring  matters  of  yellow  or  orange  tint;  the  hydroebkridp,kBon 
commercially  as  ekn/icndine,  has  a  splendid  orange-yellow  colour. 

To  prepare  chrysoidine,  a  1  per  cent  solution  of  a  diazobenzene  salt  it  mixed  vith 
a  10  per  cent  solution  of  metadiamidobenzene ;  *  the  resulting  blood-red  prscipitott  ii 
dissolved  in  boiling  water ;  the  solution  after  cooling  to  50°  is  preeipitatsd  with 
ammonia ;  and  the  precipitate  is  crystallised,  first  from  alcohol  of  80  per  cent  sad 
then  from  boiling  water. 

Pure  chrysoidine  thus  prepared  forms  slender  needles  of  a  fine  yellow  colour,  onlj 
sparingly  soluble  in  water  even  at  a  boiling  heat,  easily  soluble  in  aloobol,  stlur, 
chloroform,  benzene,  and  aniline.    It  melts  at  117'5°  (Witt) ;  at  110°  (HoAniim). 

Chrysoidine  is  a  moderately  strong  base,  but  does  not  foim  stable  salts  with  iMit 
than  1  mol.  of  acid.  The  numo-acSi  salts  dissolve  without  deoompoaitioii  in  hot 
water,  forming  solutions  of  a  splendid  yellow  colour ;  and  on  adding  a  large  eoDoeas  ot 
acid,  the  H^acid  salts  are  produced,  which  have  a  fine  crimson  colour  in  adlntjon,  bat 
cannot  be  obtained  in  the  solid  state.  The  mono-add  salts  dystallise  from  their  hot 
solutions  in  two  different  forms,  which  often  occur  together.  By  slow  f^ijgit  tiiick, 
highly  lustrous  black  octohedrons  are  obtained,  often  groupea  in  steps;  by  npid 
cooling,  in  presence  of  free  add,  and  with  the  use  of  certain  eolTents,  loi^ 
■shining,  blooa-red  prisms  are  formed,  mostly  in  fein-shaped  or  palmate  groima.  Oa 
very  rapid  cooling,  the  solution  coagulates  to  a  lelly  formed  of  dosely  packed  slndv 
microscopic  nee<Ses.  In  these  respects  the  hydrochloride,  nitrate,  snlphats,  and 
oxalate  resemble  one  another  very  dosely.  The  acetate  is  an  uncrystaUisaUe  blade 
syrup,  soluble  in  all  proportions  of  oold  water. 

The  hydrochloride  unites  with  metallic  chlorides,  forming  well-eiyetalliMd  donblt 
salts.  The  rino  salt  is  a  brown-red  cnrstalline  predpitate,  moderately  soluble  in  eoU 
water,  insoluble  in  a  solution  of  zinc  chloride  (Witt). 

Chrysoidine,  as  already  mentioned,  is  intermediate  in  composition  between  nfliae- 
yellow  and  phenylene-brown,  these  three  dye-stufb  being  members  of  a  series  all  ^ 
terms  of  which  contain  the  group  — N=^ — ,  It  is  fdso  intermediate  in  tinetonl 
power.  A  given  quantity  of  ohiysoidine  will  dye  twice  as  much  silk  to  a  giyeo  depth 
of  colour  as  the  same  quantity  of  aniline-yellow ;  and  phenylene-brown  in  the  pne 
state  exhibits  about  three  times  the  tinctorial  power  of  aniline-yellow.  In  diflhnot 
dye-stuffs  belonging  to  the  same  group,  the  tinctorial  power  increases  with  the  wsibr 
forming  capaciU,  whereas  the  tone  of  colour  varies  to  a  certain  extent  with  the 
cular  weight  (Witt). 

Reactions. — 1.  By  the  action  of  mild  redudng  agents,  such  as  tine-diui  and 
acu2,  chiysoi'dine  appears  to  be  converted  into  hydrazo-compounds,  light  yeOov 
solutions  being  formed  which  greedily  absorb  oxygen,  with  reproduction  of  chrysdidiiM. 
With  tin  and  hydrochloric  acid,  on  the  other  hand,  chrysoidine  is  resolved  into  aniline 
and  triamidobenzene: 

C«H».N«.C«H»(NH*)«  +  2H«  =  C«H»NH«  +  C^H^NH")". 

The  resulting  solution  having  been  freed  from  tin  b^  hvdrogen  sulphide,  from  ths 
latter  by  bomng,  and  rendered  alkaline,  yields  when  distilled  a  milky  liquid  separable 
by  repeated  distillation  into  aniline  and  a  residual  liquid  which  when  ezpoeedto  the 
air  or  treated  with  oxidising  agents,  yields  a  red-brown  colouring  matter  agreeing  in 
all  its  characters  with  that  which  is  obtained  by  oxidation  of  the  tri nminobsniono 
formed  by  reduction  of  (1  :  2  :  4)  dinitraniline.  Hence  it  follows  that  the  triamido- 
benzene  obtained,  togetner  with  aniline,  by  reduction  of  chrjrsoidine,  has  ite  thus 
NH*-groups  in  the  relative  position  1:2:4,  and  consequently  that  in  efaiyaoidiDe 
itself  the  same  relative  podtlous  must  be  occupied  by  the  N*-group  and  the  two  IfHt 

•  Faradlamidobentene  «imS\tttly  tc«»,\«aL  ^wa  not  i\«^i\  «^\acv:A  <A.  <»ft»«Aa%^m^yt\ 
of  orthodiamldobenzene  imder  slmViiu:  cSxcomi^MMsea  taauotirXi  \s«».«»mto«^  «^«*- 
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sroupfl,  that  is  to  say  that  the  constitution  of  chrysdidine  mast  be  represented  by  the 
nnnala 


<i>^="-<r>=' 


Diaoetyl-ehzysoidine  (t9|/m)  submitted  to  the  action  of  powerful  reducing  agents 
yields,  with  separation  of  the  aoBtyl-groups,  the  same  reduction-products  as  chrysoSdine 
itselt 

2.  Dry  distUUUion, — On  heating  chrysoi'dine  or  its  acetate  in  a  retort  to  160^-1 76°, 
or  the  hydroHchloride  to  200^,  or  chryso'idinesulphonic  acid  {Mra)  to  250^,  or  di- 
aoetylchjrysoidine  to  above  300^,  the  mass  fuses,  swells  up,  blackens,  and  yields  an 
oily  distillate  of  aniline,  leaving  in  the  retort  a  vaY  bulk^,  shining,  earbonaeeous  mass, 
mm  which — ^if  obtained  from  the  hydrochloriae— acidulated  slcohol  extracts  a 
reddish-violet  dye-stul^  apparently  identical  with  chiysoidin-indulin  (urfra\  and 
produced  by  the  action  of  the  aniline  resulting  from  the  decomposition,  on  the  still 
nndeoompoMd  chrysoidine  salt. 

8.  DeoompotUion  with  additian  qf  water. — Chrysoi'dine  heated  with  dilute  hydro- 
chloric add  to  160^-160^  in  sealed  tubes,  imdeigoes  a  decomposition  similar  to  that 
wluch  takes  ^ace  when  diazobensene-compounds  are  heated  with  water  (e.g. 
C^».N«.NO«  +  H«0-C«H».OH  +  N«  +  NO"H),  nitrogen  escaping  when  •the  tube  is 
opened,  and  a  blackish  liquid  being  formed,  which,  when  lately  diluted  with  water 
and  distilled,  yields  a  considerable  quantity  of  phenol,  while  the  residue  in  the  retort 
forms  a  brown-red  solution  of  a  colouring  matter  apparently  identical  with  that  which 
is  produced  by  oxidation  of  triamidobenzene. 

4.  Action  of  Amidsi.  —  Oirysoidine,  like  other  amidazo-compounds,  yields,  with 
aromatic  amides,  new  colouring  matters  belonging  to  the  numerous  group  of  the 
indulins  (^.v.)  As  yet,  however,  only  one  has  been  prepared,  viz.,  with  aniline, 
which  is  a  dingy  violet  body,  apparently  identical  with  that  which  is  obtained  from  the 
residnes  of  the  diy  distillation  of  chrysoidine  h^^drochloride. 

6.  Action  ofNitroua  acid. — Under  certain  circumstances  chrysoi'dine  appears  to  be 
convertible  by  nitrous  acid  into  a  diazo-oompound,  which,  however,  is  so  unstable, 
that  it  decomposes,  even  at  ordinary  temperatures,  with  evolution  of  nitrogen  and  sepa- 
ration of  a  black  humus-like  substance.  A  similar  mode  of  decomposition  is  exhibited 
by  the  diazo-oompound  of  metaphenylenediamine. 

Siitetltiitloii*deHT«tlTea.  Dimethyl-ohryBoidine,  0*B}\OEy^\  is 
fbnned,  as  a  hydriodide,  by  heating  chrysoidine  with  methyl  iodide.  The  fiee  base 
emtallises  inoistinctly  from  hot  water  containing  a  little  alcohol.  Tetratnethyl- 
ekryao'idine,  C*'H*(CH')*NS  formed  by  the  action  of  diazobenzene-salts  at  ordinary 
temperatures  on  tetrametbylphenylenediamine,  appears  to  be  uncrystallisable.  Di- 
beney  lohryao'idine,  C*'H**(CH')^\  is  formed  by  the  action  of  benzyl  chloride 
at  100^  on  chrysoidine.  These  three  bodies  dye  silk  and  wool  a  fine  yellow,  with  a 
tinge  of  red  deeper  as  their  molecular  weight  is  higher ;  the  last  in  particular  is  a  dye- 
stuff  with  a  splendid  lustre. 

Diacetylehryaotdine,  C"Hi^(C*H*0)>N«,  pre^wred  by  treating  chrysoidine  with 
excess  of  acetic  anhydride,  boiling  the  product  with  alcohol,  and  recrystallising  it 
from  boiling  glacial  acetic  acid,  crystallises  in  stellate  groups  of  short  thick  prisms, 
or  small  needles  having  an  orange-yellow  colour  and  adunantine  lustre,  and  exhibiting 
on  certain  faces  a  faint  bluish  dichroism. 

Chryao'idinetulphonie  acid,  C"H"N^SO'H,  is  formed  by  heating  chiyso'idine 
on  the  water-bath  with  strong  sulphuric  acid.  On  pouring  the  product  into  water,  a 
bulky  precipitate  is  formed ;  and  on  washing  this  with  water,  dissolving  it  in  ammonia, 
and  treating  the  boiling  solution  with  barium  chloride,  the  liquid  on  cooling  yields 
crystals  of  barium  chiyso'idinesulphonate,  which  may  be  purified  by  recrystallisation.  A 
solution  of  this  salt  mixed  with  Uie  calculated  quantity  of  hydrochloric  add,  yields  a 
dark-brown  predpitate  of  chryso'idinesulphonic  acid,  which  on  boilinff  changes,  with- 
out perceptibly  dissolving,  into  a  mass  of  crystals,  which  when  washed  and  dried  are 
red  with  a  metallic  lustre,  and  very  much  like  amorphous  phosphorus.  They  dissolve 
with  moderate  facility  in  dilute  sulphuric  add,  and  with  splendid  carmine  colour  in 
strong  hydrochloric  acid. 

Barium  Ckryaoidineaviphonate,  (C*'H"N*SO')'Ba,  forms  anhydrous  brown  shining 
crystalline  scales.    The  other  salts  may  be  formed  from  it  by  double  decomposition. 
The  todiwm-aaU  is  easily  soluble,  and  crystallises  in  scales  having  the  colour  of  mosaic 
gold,  which  aJffo  sepnmte  on  drenching  the  free  acid  with  ttlTOUgwdvVft^.    T^^cut^girvA 
AoU  IB  quite  insoluble,  and  separates  by  predpitation  at  OT^Vniwry  \«Hi'^g«nX?n«&  «a  ^^ 
brown-nd  substance,  which  becomes  dark-red  and  cryslaWvii^  on  \io\V\tt^.    T^^  j«m« 
sa/^  forms yelloW'hrowQ  Hocks. 
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CHRYSOPHANIC  ACID. 

Chiywidineinilphoiiie  acid  sabJKtcd  to  dry  diatiUalJon  yitilds  suull  qaaoticia  «f 
Boilina,  the  greater  portioo  of  tbo  masa  beiug  uirbooiiied.  It  in  Dot  actad  upon  bf 
acetic  anhydride  »t  lOO",  or  by  aailiiw  at  the  boiling  hoHt,  On  reducing  it  with  Ua 
aod  hydrochloric  acid,  and  diBtilliog  the  product  after  freeing  it  from  titt,  Ict^  loil 
rendering  it  uligbtly  alkaline,  scarcely  a  trace  of  oniliBe  is  obtained.  Hence  it  mtj 
ba  inferred  that  the  aalpho-gronp  in  cbiB  acid  is  attached  la  the  benzene-ring  which  i> 
the  roudue  of  the  aniline  group  of  ohryeoidine — moH  prohably  in  the  pan-polilMa— 
ao  that  the  coiietitaltoa  of  chrysoidinesulphonic  acid  will  ba  repreienled  by  tlu 
formula 


» 


CbrjaoidinssulphDiiic  acid,  lik«  the  baae  iteelf,  producse  lino  coloon.  iboi^ 
Bomewlut  tinged  «ith  broim  ;  but  it<  ralue  as  a  dye-stnflT  is  to  a  certain  esunt  lA- 
paireil  by  the  fact  that  fabrics  dyed  with  it  are  apt  to  changB  Colour  during  the  (noM 
of  clearing. 


tolTl^nediamine  (m.  p.  99°)  iritji  a  salt  of  Uk  diszntotaene  prepsdwl  from 
'Thiebasaisdiamidaiotoluene: 

C"H"N'  =  C'H'— N=N— 0'H*(NH')'. 
Its  i:o!our  is,  if  possible,  finer  tlian  that  of  chtyao'idine,  and  both  the  free  taaa  and 
salts  iTysttillise  with  greater  facility  than  the  latter.  Tba  base  separated  by  a^aaCOB 
ommaQia  tern  tbe  boiling  otcoholic  solution  of  the  bydrochlnride  cryataUiete  oo 
cooling  in  Sue  orange-yellow  needles  uauaUy  grouped  in  stars.  It  diuolTot  maily  is 
iJcohol  and  etlicr.  but  is  almost  insoluble  in  water,  eren  at  the  bailing  heaL  Itnidls 
ut  183°  (Ho&nann). 

CHBTSOKXW.     A  yellow  colouring  mutter  produced  by  the  action  of  plithallc 
nnhydrideoii  beDEyl-rasoroin.     Soe  Bbborcin 

CHKTBOblTB.    On  the  occurrence  of  tbia  minera]  in  dolerite,  see  Dolmuh. 

caSTBOPHAWIO  ACXn.    This  acid  has  hichaito  been  ngarded  as  •  dai- 
■iTitivB  of  anlhracBue.  C'H'O'  or  C"H"0'.  "  '         *'  ..-.-.. 


convectibls  by  oxidation  with  nitric  acid  into  methylanthnqainooe.  C"H"0':  ual 
80'8  0.  and  *&  H. ;  calc  81-1  C,  id  H.) 

Hence  it  may  be  inferred   that  chrysophonic  add  is  not   dioxyantbruninona,  W 
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ha  COM.  und  tb.it  cliiysiLiiiniie  udit  i^  tli«  tulruuitru^cririitirc,  uuC  uf  uLryboiilunic 
icid,  bat  uf  I'hiyiuuiD.  CilK)'  {p.  1U8). 

Potatfium  Hilnx-Ari/nojiAaiuUi:  C"IIXNO')>0'K'  (at  I2(l<'),  funna  jelly-Iikr  fIToUM 
ifthJD  ml  Dccdlpii,  Tcry  solublB  in  piira  wftter,  Bpariuf(lr  id  williio  aolntjoiiii.  Tha 
WoKM  idfr,  C"H*(NO')'0'Cn  (nt  1:^6°),  fonnfl  indiHtiuit  jslly-like  grunpH  '>f  llmad- 
.ikr  De«dlm,  daslituM  of  metallic  liutTS  (tbe  chryiuminiitu  ia  liiehlv  lustroD*).  The 
magHaium  tail.  C'>H<(NO*)*0'Mk  (lit  180^),  U  a  red  spiiriiigljr  solnble  powdir. 

>twll1«r«  «f  OIujMipbMBl*  AoU  (LielHrmanii  h.  Fibclier,  Dtut.  CkuH.  Grt.  Ber. 
riii.   1106.     1.  ChrffiaphanaDiidt,  or  AmidockrytophaaU  acid,  C"H"N'0' 

fCB» 
a  C"H*Jq£^.    When  ehiTKiphuue aoid » bMt«i  to  200°  vith  i>qni«iu 

lo 

.'ht^sophsiiBiiiide  ii  fbrmed,  togstbpr  with  carbonMeoiu  piDdui-ta;  at  tSU",  on  the 
jther  huid,  no  carbonaeeoiii  piodDeta  us  fonned,  bnt  tlie  roaultmi;  chrjaopbiuiuiiiids 
I*  ncmmpiiiued  by  s  substaiKe  which  Bi-painMa  in  long  dark  shining  needleii.  The 
■htyaophanamide  U  precipitstad  from  tha  crude  prodact  hj  udJitiuD  of  ud  add.  dii- 
•olred  in  alccdud  containing  bydiochloric  acid,  predpitiited  bj  vatcr,  conTerted  into 
bkrinm  talt,  onee  more  pradpttuted  iy  an  acid,  and  then  cryhtalliasil  from  alcohol, 
whicl)  dapoaita  it  in  yellow  lufleta.  It  ia  dccompoHod  by  boiling  Imiyta-watei  into 
ammonia  and  chryBophanic  acid. 

The  erode  product  of  thv  action  uf  anniDnia  on  chryaopbaDic  acid  coutaina  also  B 
:ompoand  of  chryaophananiide  and  ammonia,  C"H"NO*.KH',  which  ia  not  completely 
locompoasd  either  by  eolation  in  baryta-water  ot  by  precipitation  with  hydniehloric 
icid.  To  obtiiia  the  amida  quite  pun,  it  is  therefore  ntccwiary  to  dtgeat  the  impnre 
prodnet  with  warm  alcohol  containing  hydrochloric  acid,  whereby  however  it  ie  putly 
reaolved  into  aminoDia  and  chrynphuiic  acid. 

,CH' 

2.  CjlrjiaojiAaiiinicIe,  CH'SO'^CHMNH.  The  long  dark  ■hiniog  needle* 
lO' 
mentioned  above  ai  prodncad,  together  with  ctujMiphaDamide.wheDchryHHthBnie  acid 
ia  heated  with  aqnecnu  ammonia  to  ISO°,  coneiat  of  theammonia-romponnd  oftbiajnide. 
C'*H'ITO*.NH*.  It  haa  not  been  fonnd  poasible  to  obliiin  tbe  free  imid^  hpcanie  the 
anunonia-camponnd  is  conreited  by  wolonged  treatment  with  arida  or  alkalia  into 
cbryaophanic  add.  Bat  by  heatioK  thia  nmmonia-compoaad  with  acPtie  anhydride  in 
a  veael  with  rerened  condenaer,  it  ia  conrerted  into  acetylehryaophanimide 

,CH' 
C'H*  \  N.CH'O.    This  sabatancs  in  ita  external  propertii'a  benra  a  dose  rteamblance 

to  xylindun.  It  aepsratM  from  ehloroform  in  violrt  needlea,  which  have  a  mtitallie 
Inatre,  an  bat  alightly  solable  in  the  ordinary  solvents,  resist  soda-solalion,  and  dis- 
•olTe  in  warm  nitric  or  aniphnric  acid,  with  n^ rodnction  of  ohryBophanie  acid.  An 
analogoos  aabatanc*  ia  formed  by  the  action  of  iaobntyiic  anhydride  on  tha  ammonia- 
oomponnd  of  dnyaophanimide. 

a^XWWQWMWXU.    Sea  Lzaraa,  CoLonniao  Uarrmu  or. 

C"H»0>  (Graeba,  Stmt.  Obn.  eit.  Ber.  ' 
.  SM,  370).    Thia  componnd,  diaeorered  b^ 

_,    .__    it  ehnmic  add  on  cfiiyiaBa  diwolved  in   

(Surf  Bmffl,  SSB).  It  oTatalliaaa,  aeeording  to  Sdbmidt,  in  brilliant  red  needles, 
— '^"g  at  lift*,  Memding  to  IruhnBam  £  330°.  It  nnite*  with  alkaline  bianl- 
^  _  ._^  „jl„lij,„  CCMpmudi  aolnblt  in  trtHta.  Hie  lodinm  aalt,  ptolitbly 
O'lE"  joMnhr  *"  ""^  (hU7  fngtnA  bf  bM^ng  dujinqBinoiN,  pMrloM^ 
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ChiyBoquinone  heated  -with  aqueous  ammonia  to  180^  in  sealed  tubes,  is  eooTnted 
into  nitrogenous  compounds ;  phenanthrenequinone  reacts  with  ammonia  in  a  sioultr 
manner ;  anthraquinone  is  not  attacked. 

Chiysoquinone  heated  -with  soda-lime  is  converted  into  a  hydrocarbon  G**H**,  tqge> 
ther  with  a  small  quantity  of  another  hydrocarbon  containing  a  laigar  proportioo  <if 
carbon,  and  melting  at  a  higher  temperature.  The  compound  0'*H''  melts  at  101^- 
105^,  dissolves  easily  in  boiling  alcohol,  somewhat  less  easily  in  cold  aleohol,  my 
easily  in  ether,  benzene,  and  carbon  sulphide.  Its  vapour-density,  taken  in  snlphv- 
vapour  is  7'26-7'87 ;  calc,  7*07. 

The  formation  of  this  hydrocarbon  from  chiysoquinone  is  exactly  similar  to  that 
6f  diphenyl  from  phenanthrenequinone : 

0»«HH)*  +  4NaOH  -  C"H»«  +  200»Na«  +   H« 

Phensnthieneqninone.  DiphenyL 

C'»H»«0«  +  4NaOH  =.  0»«H»«  +  200»Na*  +  H" 

Ghrysoqvinone. 

The  constitution  of  the  hydrocarbon,  0*'H*',  is  not  yet  definitely  established;  bat 
it  may  perhaps  be  regarded  as  phenyl  naphthalene.  In  this  case  chzysene  would 
have  a  constitution  analogous  to  that  of  phenanthrene  {2nd  Siml,  84^  being 
derived  from  phenyl-naphtl^ene  in  the  same  manner  as  phenanthrene  from  diphenjl : 

C*H«— CH  C*H«-OH 


C«H*— OJ 


C»«H«— OH 


)H 
Phenanthrene.  ChiyaBiie. 

On  the  same  supposition,  chiysoquinone  may  be  represented  by  either  of  the  fonnuls : 

C«H*— 0=0  0«H«- 


d»»H«— 0=0 


or 


C>«» 


.-U, 


A  hydrated  magnesium  silicate,  allied  to  serpentine,  from  Zer- 
matt  Pale-yellow  fibrous  masses,  containing  42*6  per  cent  SiO',  48*0  MgO,  2*0  FeO, 
and  131  H«0  =  100-6  (F.  v.  Kobell,  Jahrb./.Min.  1874,  733). 

ozvcsoxr A^BAXXS.  The  following  tables-  exhibit  the  quantities  of  ^iwiAa« 
in  various  Ginchona-barks. 

1.  Barks  of  Otnohona  Olllolnalls  and  Its  Vtoiietlefl«  Ooltlwatad  at 
Ootaeamund  (J.  £.  de  Vrij,  Pharm.  J.  2h»M.  [3],  iv.  181-184> 
100  pts.  of  bark  dried  at  100^  0.,  contain : 


1 
2 
3' 

4 

6| 

6 

7 

10; 

11 
12 
13 

I4J 

15 
16 

"J 
■"I  I 


! 


{ 


Var.  angustifoliat  grown  at  Doda- 

betta 

Ditto  ditto    . 

Seedling  of  C,  OffieinaliSi  grown  at  > 

elevation  of  6,200  feet         .       ( 
Similar  variety  to  No.  3 
Renewed  bark  of  C.  officinalis ;  18 ) 

months  old ;  7,800  feet  \ 

Same  renewed  bairk  ;  15  months  old 
Same ;  28  months  old    . 
Dodabetta,  original   C,  officinalis  J 

branch-bark        .         .        .       > 
Same ;  small-branch  bark 
Same;  stem-bark,  mossed 
Same;  unmossed    .        .        .         . 
Large-leaved  seedling  of  C.  offici- ) 

nalis ;  elevation  8,200  feet  .  ) 
Dodabetta,    C.    officinalis;     8,400 ) 

feet ;  exposed  place  .  .  ( 
Same,  sheltered  .  .  .  . 
Neddiwattum,    C.  officinalis;  ex-} 

posed  position  *,  5,%00  ie«t  .  \ 
Dodabetta,  C.  ojOlcinalU  *,  mwavrce^L 
The  same,  uumasiuied    . 


Mixed 
■IkaloUs 


10130 
11-960 

6050 
10-670 

4-630 

8-140 
10000 

3116 

0-984 
7-285 
4-785 

2-860 

8-920 
8-424 
5-726 


Pme 
qnlnine 


Gzjrtel- 
liaed  sul- 
phate of 
qnliiine 


Qninofic 


8000 

9100 

2-286 

3-707 

2-470 

4-530 
2-917 

1-760 

not  determined 


10199 

0*920 

11*600 

0-761 

2*914 

0-188 

4*725 

0-250 

8136 

1*050 

6-776 
3*718 

iif 

2*243 

0*400 

4-781 
2*600 

none 

2-345 
5-340 
1*410 


6-096 
3-314 


2-989 
6807 
1-797 


0*227 
0-822 
0-400 

0*845 

0*170 
0*684   ; 
0*620   , 


\ 
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The  XMoltfl  of  the  anal^iB  of  number  14  lead  to  the  condnsion  that  it  cannot  be 
a  Tariety  of  Cinchona  qffiemaiia.    According  to  J.  £.  Howard  it  ie  probably  Cmckona 

2.  Barks  of  ClBObona  snoolrabrm  and  O.  paliadlaiia  onltlTated  at 
Oataoamuiid  (de  Vi^,  Und,  869). 

100  ptfl.  of  the  bark  dried  at  100^  contain : 


• 

Iftxid 

AUnloIdt 

Pnra 

OrTStiJUMd  1 

Kind  of  Baric 

•IkaloXds 

■olnUain 
ether 

quinine 

■olphateof 
quinine 

C.  snocirabra. 

Original  bark,  8  years  old  . 

10-86 

3-706 

•793 

1067 

Benewed  bark,  2  years  old. 

10*40 

7*654 

4*663 

6*204 

♦>                     >» 

9164 

6*707 

2*764 

8-672 

ft                     •> 

10-67 

8142 

1-413 

1*884 

n                                " 

8*606 

3-307 

1*382 

1*843 

>i                                 >* 

8-176 

2*973 

1186 

1*680 

»i                                 >t 

10-37 

4193 

2*024 

2*700 

G.  pahndiana. 

»>                     tt 

2-61 

1038 

0*082 

— 

Original  bark    . 

2023 

1*324 

0*606 

0-808 

Benewed  bark,  2  years  old. 

4*80 

2*362 

0*783 

1*044 

C.  officinalis. 

Benewed  bark,  2  years  old 

10-86 

4*228 

2-804 

8*738 

ft                     t* 

6-944 

2*244 

1-273 

1-697  ' 

ft                     ft 

6-734 

2*670 

1*681 

2*241 

li                     *t 

4-288 

2-080 

0-826 

1-100 

»                     II 

3-72 

3-297 

2-600 

8-466 

A  comparison  of  the  first  two  analyses  in  this  table  shows  that,  whilst  the  amount 
of  mixed  alkaloids  in  the  two  barks  is  nearly  the  same,  the  amount  of  quinine  in  the 
lemewed  bark  is  yeiy  much  greater.  If  this  should  prove  to  be  a  general  rule,  the 
^niimm  of  trees  of  C.  succirubra  now  growing  in  British  India  might  be  adapted  to 
produce  laige  quantities  of  bark  fit  for  the  manufacture  of  quinine. 

8.  Bast  India  Oiaelioiia  Bark  (B.  H.  Paul,  PAom.  J.  Trans.  [8],  vi.  321). 
The  following  analyses  refer  to  parcels  of  bark  imported  from  Oeylbn  in  1876. 


Cryst.  quinine 

suli^te 
Cnrstcinchoni- 

dine  sulphate 
Cinehonine 

0.  officinalis 

19 

20 

31 

ss 

28 

M 

iff 

86 

27 

1-42 

3-46 
1*90 

1*69 

3*46 
1*43 

1*69 

2-70 
0-96 

1*85 

4-10 
1-63 

1*62 

4*97 
2-06 

2*31 

0*63 
016 

2*37 

0*38 
0-12 

6*08 

0*98 
trace 

6*03 

trace 
013 

All  the  samples  were  in  a  somewhat  moister  condition  than  is  usually  the  case 
with  cinchona  bark,  and  the  results  apply  to  the  bark  dried  at  100^.  The  average 
loss  of  weight  by  drying  was  about  10  per  cent. 

The  foUowing  table  gives  results  from  Indian  barks  recently  imported,  but  whether 
from  the  mainland  or  Ceylon  is  uncertain : 


Kind  of  bark 


£ast  India  Crown,  renewed  . 
East  India  Crown 


/ 


ft 
t* 


11 
II 


renewed  . 


Bed  Bark,  moeeed 


Sulphates 


Quinine 


3-86 

6-20 

4-3 

4-6 

3-8 

1-72 


Cinchonidine 


1-60 

0-82 

1*6 

1-6 

\1 


I  \"L 


Oinohonine 


2-70 

0-23 
0*18 
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9flb€t  of  Manure*  on  the  JUknloldal  yield  of  Olnotaonms  (Pkarm,  J. 
TVofw.  [8],  iii.  621).  From  experiments  made  bj  Mr.  Broughton,  the  GoTemment 
Qninologist  at  the  Ootacamund  Plantation,  in  the  Department  of  Madran,  it  appears 
that  the  use  of  manures,  either  artificial  or  natural,  increases  the  alkalo'idal  yi^d  of 
the  cinchonas.  Some  fine  three-year-old  plants  of  Cinchona  stuxnntbra  were  treated  in 
November,  1869,  in  plots  of  fifty  each,  with  1  lb.  of  ammonium  sulphate  and  the 
•ame  quantity  of  guano.  No  perceptible  increase  in  luxuriance  or  rapi(£ty  of  ^wth 
was  perceiyed  to  result,  but  in  January,  1872,  the  difference  in  the  aUuloidal  yield  of 
baik  from  the  manured  and  non-manured  plants  was  as  foUows : — 

MantETed.  Umnannred. 

Total  alkaloids 7*26  4*89  per  cent. 

Quinine 2*45  178      „ 

Cinchonidine  and  Ginchonine  .        .        .        4*80  S'll       „ 

The  stem-bark  of  trees  manured  with  1  lb.  of  guano  gare  the  following  results,  as 
tgaiiist  trees  not  so  treated : — 

Manured.    Umnannred. 

Total  alkaloids 6*29  4*76  per  cent. 

Quinine 0*91  1*04      „ 

Gnchonidine 4'88  3*72      „ 

The  loss  in  quinine  and  small  gain  in  total  alkaloids  may  possibly  be  owing  to 
hB  exciting  action  of  the  guano  hastening  the  change,  through  which,  as  this  species 
grows  older*  it  loses  its  al£doidal  character.  Mr.  Broughton,  therefore,  does  not  re- 
sommend  that  C.  suecirubra  should  be  manured,  as  the  cost  of  manure  would  outweigh 
iie  nnall  increased  richness  in  the  bark. 

O.  offieinaUs  has  always  been  noted  for  its  extreme  sensitiveness  to  situation,  sun- 
light) and  diameter  of  soil.  Trees  of  this  species,  treated  with  1  lb.  of  guano,  al- 
iK»iigh  differing  in  no  respect  firom  nnmanured  trees  while  growing,  yielded  bark 
90Dtaining  the  following  percentages  of  alkaloids  : — 

Mannrtda  UmiMnnred. 

Total  alkaloids 6*61  3*98  per  cant. 

Pure  Quinine 4*41  2*40       „ 

Cinchonidine  and  Ginchonine  .                         2*10  1*68       „ 

Trees  of  the  same  species,  treated  with  }  lb.  ammonium  sulphate,  gave  results  as 

ondar: — 

Manured.  Unmanured. 

Total  alkabids 6*76  4*54  par  cent. 

Pure  Quinine 311  2*54      „ 

Cinchonidine  and  Ginchonine    .  2*65  2*00      „ 


From  1867  to  1872  trees  of  this  species  were  treated  with  about  four  barrow-loads 
of  farmyard  manure  each.  In  February,  1872,  bark  from  trees  so  manured,  and  from 
nmilar  trees  unmanured,  gave  the  following  results : — 

Manured.  Unmanured. 
Total  alkaloids                                                  7.49  4*68  per  cent. 

Pure  Quinine 715  2*40 

Cinchonidine  and  Ginchonine  .  0*34  2*28       „ 

Fannvard  manure  is  therefore  superior  to  artificial  manure  for  this  purpose,  and 
arours  the  production  of  quinine  over  cinchonidine  and  dnchonine. 

As  no  outward  difference  could  be  observed  in  the  manured  trees  from  those  not 
o  treated,  Mr.  Broughton  is  of  opinion  that  the  alkaloids  are  not  specially  active  con- 
(titnents  in  the  processes  connected  with  the  life  and  growth  of  the  plant. 
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Aah  of  Omehana-barke, — The  following  determinatioiis  hare  be«n  made  bj  Gulet 
(Pharm.  J.  Trans.  [3],  iii.  728). 


1 

Ash     .... 

GiJimya 

8..M. 

1*831 

1-885 

1-360 

1*861 

1-402 

1-741 

Silica,  soluble 

0-263 

0-241 

0-023 

0-032 

0-020 

OHMI 

„      insoluble   . 

0041 

0047 

0024 

0*031 

0-026 

0D18 

Alumina 

0061 

0-060 

0-080 

0020 

0*062 

•ittS 

Iron     .... 

0061 

0042 

0066 

0*049 

0*068 

0*070 

Manganese  . 

0048 

0026 

0*027 

0-032 

0*042 

O^U 

Lime    .... 

0-376 

0-383 

0*382 

0-379 

0-646 

0726 

Magnesia 

0-034 

0034 

0016 

0-031 

0*081 

0D18  1 

Potash 

0*429 

0*640 

0-340 

0-262 

0-216 

0*298  i 

Soda    .... 

0081 

0069 

0-041 

0062 

0-048 

0i)84 

Copper 

trace 

trace 

trace 

trace 

tzBce 

tnee 

Carbonic  acid 

0-309 

0-318 

0-338 

0-346 

0-280 

0*291 

Sulphuric  acid 

0-027 

0-084 

0-036 

0-038 

0086 

O0S4 

Phosphoric  add    . 

0-074 

0-063 

0-048 

0-067 

0-046 

0-04S 

i  Chlorine 

0016 

0009 

0-008 

0-010 

0*014 

0-012 

Carles  also  finds  that  cinchona-barks  contain  glucose,  probably  aiinng  htm  the 
decomposition  of  dnchonatannic  add.  The  barl^  richest  in  alkaloffdi  oontam  the 
smallest  quantities  of  ammonia. 

Detection  and 


d  Eatimation, — For  diitiiinidnig 
the  alkaloids  of  cinchona-bark  one  from  the  other,  W.  Stoddart  (PilMam.  ^  7V«n. 
[2],  vi.  241)  recommends  tha  use  of  ^taesium  thioc^cmaU.  The  precipitate  tlunbj 
formed  in  a  solution  of  quinine  exhibits  under  the  microscope  the  form  ok  long  slndv 
needles ;  that  of  quinidine  appears  in  round  dystalline  masses,  and  that  of  ciDchoiiiDe 
in  large  well-defined  prisms.  This  method  has  been  further  dereloped  bj  F.  8eliiig» 
(Arch,  Pharm,  [3],  v.  604),  who  finds  that  under  certain  conditioDB  it  yields  twy 
characteristic  results.  The  solutions  of  the  alkaloids  must  be  prepand  wichoat 
addition  of  free  acid,  at  a  temperature  not  more  than  10^  abore  that  of  tha  room. 
The  solution  of  potassium  thiocyanate  should  be  very  strong  (equal  parts  of  the  sdt 
and  water),  and  in  the  case  of  reiy  slightly  soluble  salts,  sudi  as  sulphate  of  qninioe, 
it  is  best  employed  in  the  solid  fonn.  If,  with  these  precautions,  a  drop  of  ths 
filtered  solution  of  the  alkaloid,  and  a  drop  of  the  thioc^nate  solution,  or  a  gnirale 
of  the  solid  salt,  be  placed  on  the  object  stage  of  a  microscope  and  eoversd  with  a 
small  glass  plate,  so  tnat  the  two  may  run  together,  and  t^e  whole  be  lelt  at  nst  ibr 
half-an-hour,  the  liquid  will  exhibit  a  turbidity,  which  the  microscope  ahows  to  eoa- 
sist  of  a  mass  of  crystals.  Quinine-salts  exhibit  thin  sincules  radiating  f«m  a 
centre ;  cinchonine-s^ts  thicker  rays  diversing  from  one  point  like  a  fan ;  qunidine- 
salts,  round  drops  attached  to  one  another  m  chains  like  certain  fdngi. 

EBtimation  of  the  total  ^ntitt/  of  MkaUnds  in  Cinehona-^arke. — 1.  ^^u»,  ii 
1869  (Zeitechr.anaL  Chem.  yiii.  477),  published  a  method  of  estimation  wfaidft  eoa- 
sisted  in  digesting  10  grams  of  cinchona-bark  for  a  short  time  with  alxmt  ISO  nas 
of  water  ana  10  grams  of  potash-ley,  sp.  gr.  1*36,  then  adding  16  grams  of  sul^nuie 
acid,  sp.  gr.  1-116,  boiling  for  twenty  minutes ;  adding  water  after  cooling,  so  as  to 
make  up  the  liquid  to  100  c.c. ;  filtering ;  and  precipitating  the  measured  fiUnte  with 
50  C.C.  of  ftioric  acid  solution  saturated  in  the  cold.  The  molecular  weight  of  dadio- 
nine,  being  but  little  less  than  that  of  quinine  and  quinidine,  the  quantity  of  the 
alkaloids  may  be  calculated  with  sufficient  accuracy  from  the  weight  of  the  predpitato 
obtained  from  100  cc.  of  the  filtered  solution. 

Objections  have,  however,  been  made  to  this  method  by  van  der  Buxg  (tbii,  sl 
306),  first,  because  the  extraction  of  the  alkaloids  is  incomplete :  secondly,  beoaase 
the  predpitate  is  not  of  constant  composition,  foreign  matters  bdng  carried  dowD 
with  the  alkaloids. 

0.  Medin.  however  (ihid.  xi.  447),  finds,  as  the  result  of  a  large  number  of  azpsri- 
ments,  that  the  method  is  perfectly  trustworthy,  the  extraction  of  the  alkaloida  being 
complete,  their  precipitation  by  picric  acid  also  complete,  and  the  small  error  azisii^ 
from  the  simultaneous  precipitation  of  other  substances  being  compensated  by  a  sQgfct 
loss  of  the  predpitated  picrate  during  washing.  Moreover  the  method  is  easf  aid 
expeditious. 

2.  The  following  melVvod  \a  ^^eiTi'Vi-j  ^^^Vtv^  VP^th^x.  J.  Trai».YS\,"v^ .'lANV  ,^ 
grams  of  the  pulver'iaed  baiV  \a  m^de  ^^  \xv\o  «.  ^\\»\a  -w^JJa.  ^  ^gnn^  tjJl  ^udu^^^^oMr, 
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tha  paste  dried  and  twice  boiled  with  Btrong  alcohol ;  the  solution  acidulated  with 
■Ql^nric  acid ;  the  alcohol  distilled  off;  and  the  alkaloids  precipitated  with  caustic 
soda,  washed  with  water,  dried,  and  weighed. 

E.  L.  Cleaver  {ibid,  yi.  861)  recommends  this  method  of  estimation  as  the  best  that 
has  been  hitherto  proposed,  but  at  the  same  time  points  out  that  it  is  defective  in  two 
respects,  viz. :  (1)  the  quantity  of  bark  employed  is  too  small ;  and  (2)  in  the  washing 
of  the  precipitated  alkaloids,  a  considerable  loss  maj  occur  in  consequence  of  their 
Bolnbilitj.  To  avoid  these  causes  of  error,  Oleaver  uses  100  grams  of  bark,  and  rae- 
eipitates  the  solution  of  the  sulphates,  not  with  soda,  but  with  baryta-water,  tnen 
•faporates  to  diyness,  and  extracts  the  free  alkaloids  with  alcohol. 

The  remainder  of  the  process  may  be  varied  according  to  the  object  in  view.  If 
only  the  total  amount  of  mixed  alkaloids  is  req^uired,  this  amount  may  be  ascertained 
by  evaporating  a  portion  of  the  liquid,  and  weighing  the  residue  dried  at  ISO®.  But 
if  the  relative  proportions  of  quinine  and  the  other  bases  are  to  be  determined,  one  of 
the  following  metnods  must  be  adopted  : 

a.  A  portion  of  the  alcoholic  extract  is  evaporated,  the  residue  exhausted  with 
ether,  and  the  ethereal  solution  evaporated  to  dryness  at  180^.  The  residue  consists 
of  quinine,  the  amount  of  which  will  thus  be  accurately  determined,  provided  cincho- 
mdine  is  absent ;  otherwise  the  result  will  be  too  high. 

b.  The  alcoholic  solution  is  divided  into  three  or  four  equal  parts.  The  first, 
evaporated  to  divness  and  dried  at  130^  gives  the  total  amount  of  the  alka- 
loids present  The  second  is  evaporated  to  dryness,  and  the  residue  treated  with 
ether  as  above :  this  gives  the  quinine.  The  third  is  titrated  with  sulphuric  acid, 
and  the  proportions  of  the  alkaloids  calculated  from  the  result  according  to  the  fol- 
lowing equations.  If  the  sum  of  the  quantities  of  quinine  and  quinidine  be  denoted 
fay  ',  the  amount  of  cinchonine  and  cinchonidine  together  will  be  equal  to  the  total 
amount  of  the  alkaloids  diminished  by  f ,  and  the  quantity  of  sulphuric  add  used,  S, 
will  be  given  by  the  formula : 

S  -   ii  »  +  ^^  (total  alkaloids —«) 
648  616  ^ 

wlienes  »  may  be  determined ;  and  this  diminished  by  the  amount  of  quinine  pre- 
novuUy  found  ^ves  the  <]^uantity  of  qui  n i  di  n  e.  Further,  if  the  portion  of  the  alka- 
loids which  is  insoluble  m  ether  be  dissolved  in  sulphuric  acid,  and  the  solution  be 
made  slightly  alkaline  with  caustic  soda  and  mixed  with  Bochelle  salt,  a  precipitate 
of  cinchonidine  tartrate  is  obtained,  containing  80*4  per  cent  cinchonidine. 
Lastly,  the  cinchonine  is  estimated  by  difference. 

8.  J.  0.  Bemelot  Moens  (Arch,  Phann,  [21,  viii.  24)  determines  the  amount  of 
wrater  in  cinchona-bark  by  heating  a  gram  of  the  powder  sifted  through  silk  gause  in 
a  enrrent  of  perfectly  dry  air  heated  to  126°.  For  the  estimation  of  the  alkaloids, 
36  to  80  grams  of  the  same  powder  are  treated  with  lime  and  alcohol,  as  in  de  Vrg's 
method ;  and  the  bases  are  converted  into  sulphates,  precipitated  by  caustic  soda,  and 
oonverted  into  hydrochlorides.  The  bases  are  next  separated  from  one  another  by 
means  of  a  solution  of  Bochelle  salt,  in  which  cinchonidine  tartrate  is  nearly  insoluble, 
wrhereas  quinine  tartrate  dissolves  in  1,600  parts  of  it,  quinidine  tartrate  in  30  parts, 
cinchonine  tartrate  in  about  86  parts  at  24°.  The  resulting  solution  contains  the 
last  two  salts  and  traces  of  the  first  two,  together  with  an  amorphous  alkaloid  and 
qninamine.  The  quinidine  is  easily  separated  from  the  cinchonidine  in  the  form  of 
hydriodide^  that  of  the  latter  base  only  bein^  easily  soluble  in  water  and  in  aloohoL 
Tlie  weight  of  the  quinidine  hydriodide,  dned  at  100**,  ^ves,  when  multiplied  by 
0*7168,  Uie  quantity  of  the  free  base.  From  the  hydriodide  of  cinchonine  contami- 
nated with  the  amorphous  alkaloid,  the  cinchonine  is  separated  by  treating  the 
weighed  mixture  with  alcohol  of  40  per  cent,  in  which  only  the  amorphous  base  is 
easily  soluble.  The  method  of  separating  quinine  from  cinchonidine  varies  to  a  cer- 
tain extent  according  to  the  relative  quantities  of  the  two,  but  the  separation  may 
always  be  effected  b^  ether,  1  part  of  cinchonidine  requiring  for  solution  170  parts  of 
this  liquid.  The  cinchonidine  still  remaining  attacned  to  the  quinine,  mav  be  re- 
moved by  converting  the  bases  into  sulphates,  and  proceeding  according  to  the  rela- 
tive solubilities  of  these  two  salts.  The  quinine  sulphate  is  then  to  be  dried  at  120° 
and  weighed  :  it  contains  86*86  per  cent,  quinine. 

Detection  and  Estimation  of  Quinine  in  a  mixture  of  Cinchona-b<ue». — According 
to  de  Vrij  {Pharm,  J,  Trans.  FSJ,  vi.  461),  the  best  reagrat  for  this  jpurpose  is  the 
lodoeulphate  of  quinoidine,  which,  when  added  to  a  solution  containing  quinine, 
throws  down  a  precipitate  of  quinine  iodosulphate  (herapathite),  identical  with  that 
which  is  formed  on  adding  iodine  to  quinine  sulphate.  To  prepare  the  test-solution, 
2pMits  of^mnoidioB  eul^iatB  are  dissolved  in  8  parts  of  water  coTv^&mYm^^  "^^t  q«ii\>, 
of  Mttlpbune  acid.    To  thia  eolation  100  parts  of  water  coiiia\ii\ti|^  %  ^ges\A  ^  \K:toar 


ritun  iodide  Bod  1  pnrt  of  iodine  are  eluwl;  Hilile.1,  wirji  euaslaiit  stirring.  Tlv 
oTAsge- coldiued  precipitale  thereb;  formed  rapidly  cobarcB,  un  slighl  elaTalun  iM 
IsmperBturK,  to  a.  lirowH'ivd  KBitiuug  sulmlsncB  from  which  the  sopenntaBt  lifqiJ 
(vbleh  Btill  poDlalns  B  little  qaiaoidiDnaulptinte)  ie  poar»d  off :  Knd  tiie  rMitiau  tud} 
afler  l<«itig  washed  liy  heating  with  dislilled  wnter  on  Ibo  water'bath,  ia  flBAll;  ititi 
U  intl",  at  which  tomperature  it  ia  soft  and  leoitpiauEi.  but  becomes  hrilile  on  cobliBi; 
One  part  of  thin  subBtance  ■■  heated  with  (I  pitrU  of  ulnihul  nS  92-91  per  real,  nnlil  il 
ia  disaolfad :  rhe  solaliun  pound  off  frum  n  portion  which  SL-pardteB  oo  ooolii^  ia 
evaporated  Ui  drjneas ;  and  the  residue  ie  treated  with  6  ports  of  cold  ■Icobol.  A 
portion  tben  retQBinB  undiasolTed.  and  is  separated  bj  filtntion  from  the  dear  duk 
noliition,  which  coiistitutee  thp  reagent. 

For  Che  determination  of  the  qninina  in  ■  apecimnn  of  miinl  alkaloade  freai 
ciDchona-bark.  1  part  of  Che  alkalaidti  is  dissolved  in  10  parts  of  oJcobol  of  tV-H 
per  cant,  eontaining  I'fl  per  cent,  of  aulphurie  acid ;  and  the  quinine  is  espuaUd  hoo 
tbie  solation  by  the  gradual  addition  of  the  alcoholic  solution  ofquinoidina  iodomlllMli. 
the  slightest  excesa  of  which,  alter  the  totid  precipitalioo  of  tlie  qiunine,  input*  • 
deep  yellow  colour  to  the  liquid.  The  vessel  conlaining  the  liquid  and  |irecipliait 
Ii  h«ted  on  a  water-bntb  until  the  liquid  begins  to  boil ;  thao.  after  cooling,  the tbumI 
is  weighed  (to  ascertain  the  weight  of  thesolnljon.  in  order  to  make  coneetioo  tor  the 
■light  solubility  of  the  precipitated  iodosnlphste  of  quinine).  The  precipitat*  ii  tut 
filtered,  and  washed  with  n  saLuruted  solution  of  quinine  iodosulphate.*   and  Uu 

■'■■■''  '       "it  filter-paper  ascertained ;  the  filler  is  then  dried,  ud 

eamount  ofquinineiodosulphalecorresponding withtU 
quantity  of  solution  which  remained  upon  the  filter-paper  is  deducted  from  that  (v 
responding  with  the  quantity  contained  in  the  original  filtrate,  the  belaoce  beinf  wUal 
to  the  weight  of  the  precipitate,  which  is  removed  from  the  filter-p&per  and  driid  el 
100°  until  the  weight  is  constant.  1  part  of  quinine  icdoeolphate  comspaaiM  with 
05509  per  cent,  of  anhydrons  qoinine,  or  with  07345  of  crystallised  qlunine  di»»l. 
phatB. 

The  succeas  of  this  method  depends  upon  the  fact  that  qninine  is  wholly  Mnnpl- 
tated  by  the  iodosulphnte  of  quinoidine  Iwfore  any  of  the  other  alkaloids  are  aBerteit ; 
if,  however,  the  proportion  of  cinchonidine  iu  the  mixed  alkaloids  is  large  relatixly 
to  the  qninine,  it  beoomea  nocossary  to  add  the  test-liquid  Very  carefully,  aod  k«p 
the  solution  continuously  stirred,  as  oUierwIsa  an  orange-colonred  gelatinous  fnap- 
late  of  cinchonidine  iodosnlphate  will  hf  formed  before  the  complete  sepaiatioDcJ 
tlie  quinine.  Should  this  happen,  the  liquid  must  be  heated  until  the  precipilaU  is  re 
dissolved,  before  continuing  lie  addition  of  the  test-aolntion. 

Another  method  of  determining  the  amount  of  quinine  in  mistuna  of  niiooi 
kinds  is  described  by  A.  H.  Allen  (Pkarm.  J.  TVyuu.  [3],  vi.  9S4>  The  liquid  cui- 
ceutrated  to  about  10-16  cc.  is  placed  in  a  cylindrical  Teasel ;  uTamoiua  ia  added  u 
Bufficient  quantity  to  make  its  odour  perceptible ;  and  the  whole  is  covered  with  u 
equal  volume  of  ether.  The  veaael  is  tightly  olosed,  and  the  contents  shakea  togetlici 
eeveral  times,  whereupon  the  quinine  set  free  by  the  ammonia  disaolvea  in  the  ether. 
The  ressi^l  is  then  Ictt  at  rest  till  the  liquids  have  separated ;  the  ethei  is  pipctied 
off  i  tJte  entire  process  is  repeated  once  or  twice ;  and  the  etbereol  solution  ia  sTap)- 
rated.  The  residue  has  a  tolerably  constant  eomposition,  not,  however,  lllat  uf 
quinine  trlhydrale,  C'"U"N'0'  +  3H'0,  but  nearly  that  of  the  monuhjdralab  (to» 
which,  however,  it  dilTeri  by  about  1  p.  a.  water.  The  weight  of  this  ie»idu 
multiplied  by  the  factor  l'2SU  gives  that  of  the  corresponding  nilpbiUk 
C»H>*N'0<  2U<80'  +  7U'0.  This  method,  as  shown  by  numeroaH  experimenU,  fftm 
satisfactory  resnlts,  and  may  bo  applied,  far  example,  to  the  estimalioD  of  quiluiis  la 
the  mixture  of  its  citrate  witji  citrate  of  iron. 

According  ts  A.  N,  Palmer  {Pliarm.  J.  TVntu.  [3],  vii.  89),  the  etbei  ia  ^ 
process  may  in  many  coses  be  udvantngeouely  replaced  by  cUoro/brnt.  The  a^iti- 
ments  show  that  neither  the  excess  of  alkali  required  to  ])recipitale  the  quinine;  Bor 
tbs  presence  of  glycerin  or  sugar  in  the  liquid,  iuterferea  in  any  way  with  the 
oocuracy  of  the  process.  If  the  qninine  salt  is  mixed  with  ammonium  citiMe,  il  it 
best  to  usitale  the  precipitated  quinine  with  chloroform,  as  the  base  ia  uot  oomplil*!/ 
extracted  from  aqueous  solution  by  ether.  Attduliiia  to  this  point  is  impottaat  ii 
the  estimatron  of  quinine  in  llie  citrates  of  quinine  iLud  of  iron-quinine,  as  tliew  bIK 
are  almost  always  mixed  with  ammouium  citrate. 

Ferret  (Beul.  Chem.   Get.  Bar.  rii.  Tih)  determines  the  amount  ot  quiniai 
cinchona  bark  by  means  of  sodium  tiliciUe,  which  dissolves  the  alkalOIdii  wilt 
altering  them.     10  gnms  of  the  bark  are  heated  with  60  grams  of  90  par  einc.  J 
aleobol  containing  &  grams  of  a  strongly  alkaline  soluti^  of  water-glass  of  40°  Zb,\F 
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Um  liquid  ia  flltazed  after  ten  minutes ;  and  these  operations  are  twice  repeated,  first 
with  80  gr.  alcohol  and  2*5  gr.  water-glass,  secondly  with  30  gr.  alcohol.  The  united 
filtrates  are  evaporated  to  a  syrup,  and  exhausted  with  ether ;  the  residue  left  on 
evaporation  of  the  ether  is  acidulated  with  sulphuric  acid ;  and  the  remilting  quinine 
sulphate  i.s  either  weighed  as  such,  or  precipitated  as  oxalate. 

Qainine  may  be  distinguished  from  other  cinchona  alkaloids,  by  agitating  1  part 
of  the  sulphate  to  an  emulsion  with  10  parts  of  water  at  12^-16^,  leaving  the  liquid 
at  rest  for  half-an-honr,  then  filtering  and  adding  7  cc.  of  ammonia-solution,  sp.  gr. 
0'96  to  5  cc.  of  the  filtrate.  If  the  quinine  salt  is  pure,  no  precipitation  will  ttJ^e 
place ;  but  if  other  alkaloids  are  present,  a  precipitate  will  be  formed — ^in  the  case  of 
einchonidine  with  not  more  than  1  part  m  100  (Hesse,  Deut,  Chem,  Ges,  Ber.  x. 
2152). 

CiNCHONiNB  Group. 

O  In  alio  Bin  •»  0**H*^N'O.  This  base  boiled  with  an  aoueous  solution  of 
ehloride^  sulphate,  or  oxalate  of  ammonia,  is  dissolved  with  evolution  of  ammonia 
(Hesse,  IMi^a  Annalm,  dxxvi.  217).  It  separates  from  alcohol  in  anhvdrous 
GijstaU,  gives  no  fiuoieseence  in  sulphuric  acid  solutions:  its  hydroohloride, 
0»H'4NK).HC1-I-2HK),  crystallises  in  long  needles;  the  acid  tulphate, 
0»H>^<O.H*SO'-f  2HK),  in  compact  prisms  (Hesse,  Jkut.  Chem,  Qea,  Ber,  x.  2162). 

Iodine-compounds. — ^By  rubbing  together  2  pts.  of  dnchonine  with  1  pt.  of 
iodine,  treating  the  mass  with  ordinazy  alcohol,  and  evaporatingthe  aloobolic  solution, 
yellow  needles  are  obtained  consisting ofthehydriodide,  C**£['^N*O.HI  +  H*0.  The 
readue,  which  is  insoluble  in  ordinaiy  alcohol,  dissolves  in  absolute  alcohol,  and  from 
this  solution  water  throws  down  a  saffiron-yeliow  crystalline  precipitate,  consisting  of 
thodi-iodide,  G»H>«NH).HI*-f2H*0.  Thetri-iodide,  C**H*«N*O.HIMs obtained 
by  treating  oinchonine  sulphate  with  iodine  dissolved  in  potassium  iodide,  dissolving 
the  precipitate  which  forms  in  alcohol,  and  evaporating  the  liquid  (H.  R  Bauer, 
Arek.  Pkarm,  [8],  v.  289). 

The  same  nit  is  formed  by  oxidising  an  alcoholic  solution  of  cinchonine  hydriodide, 
or  by  mixing  such  a  solution  with  iodine  dissolved  in  alcohol,  and  separates  in  splendid 
fasown  tabular  crystals  belonging  to  the  rhombic  system  and  having  the  composition 
0»H««N«O.HI»  +  H'0  (Jorgensen,  J.  pr.  Chem.  [2],  iii.  146). 

Metkylemekonium  triAodide,  G»H*'K<0,CH*1*,  forms  dark  brown  leafiets  having 
an  adamantine  lustre,  moderately  soluble  in  hot  alcohol,  melting  at  161^-162°. 
EtkjfhmcAonmm  tri-iodide,  C^H'^N'O.O^H^P,  crystallises  in  dark  brown  prisms  melting 
at  ur-142^  (Jorgensen). 

Cinekonine  Sulphatoperiodides  (Jorgensen,  J.  pr,  Chem,  [2],  xiv.  866). 
8C*>H*^*0.6SH'0^6HI.I>M2H>0  is  formed  by  dissolving  2  mols.  of  cinchonine, 
1  of  sulphuric  acid  and  2  of  hydriodio  acid  in  hot  ^eohol,  and  adding  2  at. 
of  iodine.  It  is  so  easilv  decomposed  that  it  must  be  washed  with  ice-cold  strong 
alcohol,  and  at  once  dried  by  pressure  and  over  sulphuric  acid.  It  beffins  to  lose 
water  at  70^,  melts  at  140^-146^,  and  is  perfectly  decomposed  at  170^  witn  formation 
of  chinoline.  It  is  easily  soluble  in  hot  alcohol,  but  is  not  afbcted  by  ether,  chloroform, 
or  bisulfide  of  carbon.    It  forms  a  double  salt  with  mercuric  iodide. 

4C*H*^*0.2SH*0«.4HI.I>«  is  obtained  by  dissolving  cinchonine  in  boiling 
alcohol,  with  addition  of  the  calouhited  quantity  of  sulphuric  acid  and  hydriodic  acid, 
and  for  each  molecule  of  cinchonine  at  the  most  2  atoms  of  iodine.  Attempts  to 
reerystallise  this  bod;^  produce  a  mixture  of  the  previous  and  the  following  compounds; 
possibly  also  cinchonine  tri-iodide  is  formed  at  the  same  time.  Ether  and  bisulphide 
of  carbon  are  both  slightlv  coloured  by  this  compound  when  hot :  chloroform  is  not 
aflbeted  by  it  An  alcohobo  solution  gives  with  mercury  a  subiodide  and  a  double 
iodide. 

2C»H*^*OJ3H*0«.2HI J*  is  probably  identical  with  the  cinchonine  salt  obtained 
bj  Herapath,  and  may  be  prepared  in  several  ways,  €,ff,,  by  dissolving  the  theoretical 

Quantities  of  the  constituents  in  hot  alcohol,  and  precipitating  by  addition  of  water, 
t  is  slightly  soluble  in  ether,  carbon  sulphide,  and  ctiloroform,  but  dissolves  with 
moderate  &cility  in  hot  alcohol.    With  mercury  it  behaves  like  the  preceding  salt. 

Thiocyanate. — Potassium  thiocyanate,  added  to  a  concentrated  aqueous  solution 
of  cinchonine  hydrochloride  at  ordinary  temperatures,  forms  a  white  cnnly  precipitate. 
If,  however,  the  solution  is  warmed,  and,  if  possible,  somewhat  diluted,  the  cinchonine 
thiocyanate  separates  in  six-sided  prisms  or  in  four-sided  leafiets  perpendicularly 
truncated  or  bevelled  at  the  ends.  The  salt  dissolves  in  474  pts.  of  water  at  20^, 
with  moderate  facility  in  boiling  water  and  in  alcohol.  The  precipitation  of  cinrhonine 
from  its  neutral  soJatioiu  hj  a  alighi  excess  uf  potassium  uiVocTaxkiXA  Sa  w>  omsi^X^V^^ 
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that  tba  Citrate  giveB  no  prKipitMe  with  ammonin  (flaaee.  Wintft  ttn^f^.  ^xxA,  I 

61).    According  to  Scbrago  {Arch.  P/uirtn.  [3],  ».  601),  when  rfn         

c«ntrat«d  colutions  cjf  potaiaium  thiocTuiate  uid  a  ciDchoniDe  si 

coDtacI  imdcT  a  microscopa.  ian-Bhaped  granpa  of  cryBtalg  gradiisUj'  torn,  m 

collected  ronnd  lui  eiongated  aiis,  like  tho  foliagB  of  an  Kjvuttniii. 

With  piaiBl,  dndioiuDB  suite  form  oily  compouDds,  which  dinolre  caailj  hi  *1 

and  are  precipitated  from  tlio  solution  bj  further  addition  of  phsDol-wnler  (Hiat), 

HydroolnohoDlnea.    Willm  a.  Carenton,  bjtroating  dnchonilio  «itli  pi       

permaDgaoale,  obtained,  cagether  iritb  other  contponndi,  a  hjdnKnDchanine  baring 
the  compoBilion  C"H"N'0  {lit  Suppl.  464).     According  to  Haiae  {Li^ijft  ,■— -' 
dzri.  217),  this  bodj  ia  formed  hy  the  reaction: 

C»H»N'0   +   Mn'H'O*   -   C"H"N'0   +   2MnO'  +   0'. 

H^dcooinchonioB  (buB  obtaioed  cijBtaUiaBii  io  ehining  colonrlase  prism*  aolDblt  ii 
alcohol  lo  about  the  enme  riteat  as  cinchonioe.  It  diasolTea  in  5M  partd  of  tUia  tt 
20°.  and  io  1300  parts  of  water  at  10°.  Id  boiling  water  it  diseolTeeto  a  COBadMaUi 
extent,  the  greater  pert  BepaFsting  in  amall  prisnis  on  cooling.  The  alcoholic  ■daddl 
has  a  bsaic  reaction,  and  is  oasil;  nflatraliead  by  acida.  The  nentnl  nlta  aymlliM 
well.  Tba  Aydroc/tloride  forma  calonrleaa  prtama  eaaily  aolnhla  in  watar,  ami  Vkm 
wiaa  crjatalliaing  in  email  prisma.  The  hydrindide  also  cij^talligea  in  whit*  prian^^ 
which  disaolTB  aparingl}'  in  solntion  of  potaasinm  iodide,  moderatelj  in  ' 
very  eaeiij  in  aJeohol.  The  itratral  tutphate  reBembles  ordiaary  solphaUi  of  oneaoBue 
both  in  form  and  in  solubility ;  the  neulrai  and  aaid  lartrate  aUo  raaemble  tha 
corrcBpondiag  cinchonina  salts.  Whxn  the  tartrate  in  aqueous  aolution  ii  mixed 
with  ciceaa  of  aodium  cBrbonate,  the  bjdrociachanine  separates  in  cryatallina  mlnla 
in  proportion  as  the  carbonic  acid  eacapes :  hence  tartaric  acid  doee  not  himUi  tlu 
precipilatioa  of  bydrocinchonine.  When  the  eotutioQ  of  the  ba.se  in  dilota  BQlidniu 
ucid  IB  mixed  witbaeolntiouof  potassium  permanganate,  the  latter  ia  elowly  dMohniMd 
at  ordinary  temperaturea  (Heaae). 

The  same,  or  aa  isomeric  biuie  is  formedi  together  with  a  m^ire  highly 
componad,  C?°H''N'0|  by  theactionof  nascenthydniganoDdnclMDine.  Wboa«tt  __ 
acid  aolu^on  of  cinchanine  acetate  is  treated  with  aodium -amalgam,  hydragw  w 
evolT«d,  slowly  ut  flTst.  rapidly  alter  further  tdditioD  of  the  Bio&leim,  Hud  u  liHj 
liquid  separates,  tbe  quantity  of  which  iooreasea  on  cooling.  This  oil  disaatna  ta 
watar,  and  on  adding  ammonia  to  the  eolntioa,  a  white  preoipitale  ia  formed,  eeparabl* 
by  ether  into  two  parts,  the  larger  portion  being  insoluble  in  that  liquid.  Tbii 
insoluble  portion  dissolves  readily  in  alcohol,  especially  at  the  boiling  heat,  aod  nei 
be  obtained  by  repeated  cryBtalliaation  from  the  alooholic  eolution,  in  brightly  ahiniu 
scales  having  the  composition  C"H»N'0  (W.  Zorn,  J.  pr.  Ckem.  [2],  viii.  275). 
By  treatiag  the  l>ase  with  a  quantity  of  dilute  aalphoric  acid  Dot  eoffid 
diasolve  the  whole  of  it,  a  aolutioa  ia  obtained  which  on  cooling  depoaita  lati|^ 
cryatallins  needles  having  the  composition  of  the  onAjfiirow  tuutrm  nS^iat^ 
(C*H"N'0)'.H'SO'. 

When  ciTStal Used  bydrocinchonine  is  heated  with  efA.irf  ^oniiJe  lo  lOO*^    .  

tabee,  the  conteola  become  red  and  solable  in  water,  and  the  aqDeons  Bolutioa  laari. 
on  evaporation  a  deep  red  sympy  mass.  Absolnte  alcohol  dissolves  a  portion  of  iliii 
product,  leaving  a  white  powder  very  eoluhle  in  water,  and  the  reaultlng  Bquaui 
solution  deposits  on  evaporution  large  colonrlesa  rhombohedrODs  of  the  coiupound 
C'-*H'^'0.2C'H'Br.  or  C"H«(0'H')'N'O.Br',  designated  by  Zoro  as  diethyUeia. 
choaioB  dibromide.  This  compound  ia  diitingniehed  from  ethyl-cinflmiiiBs 
bromide  by  its  solnbility  in  water  and  insolubility  in  alcohol.  Its  aol: 
precipitated  by  alkalis,  but  tbe  alkaline  liquid  gaicUy  turns  brown  and 
Tbe  solution  of  the  dibromide  digested  with  moist  silver  oiide  yielde  a  strongly 'al 
liniq   uid,  which,  bowavsr,  immediately  decamposee  in  a  similar  mi 

AiHorphma  Hydroeinchonme,  (7°H'*N'0,  is  fbrmed  in  small  quantity,  togaht*  I 
with  cryBtnlline  bydrocinehonine,  by  tbe  action  of  aodiunt-amalgam  on  eincb»iM  I 
dissolved  in  acetic  acid,  and  conatitutas  the  portion  of  the  ammoDia  precipitate  whirb  1 
is  soluble  in  ether.     By  a  slight  raodiflFstion  of  the  process  it  may  be  obtwnod  ii 
larger  quantity.    A  solntion  of  cinchonine  acetate  mixed  with  a  quantity  of  aleotwl    i 
aufflcieiit  lo  retain  in  aolution  all  the  rinohonine  that  ia  set  free  at  tbe  boiling  heat,  i* 
eul^ectcd  to  prolonged  treatment  with  sodium-amalgam,  and  the  hot  alkaliM  liqnd 
thereby  produced  ia  mixed  with  an  eqnal  volume  of  water,  whereby  an  oily  layat  it    I 
immediately  aeparated,  the  qnaDtity  of  which  increases  considenblj  on  cMliag.    I 

Thin  oil  ili liii  ii  nininiil  rnTn^lriliiljinnthni  lliiiiili(T,ht  rr  lidufif inliinFnf  iijiiriljii    I 

hydrociocliunine,  a  Btonll  ijuan\.vV^  ot  -w\ac\i,\MiisB^6T,\ft  ftx^idkMi&Vyj  Vn*'rfhnt'.< 
urphoUH  biBB  may  lie  feewl  ttom  W  ^>^  ireiiiBwi\u'Lvatt  "to  a  hmSi.  i!{uaik<.vj  A  -6 


tiled   ~ 


CINCHONINE.  481 

The  ethereal  Bolntioii,  which  hat  a  beantiAil  Tiolet  fluorescence,  leaves  the  base 
G^H'N'O,  on  evaporation,  in  the  form  of  a  jellowish  perfectly  amorphous  mass 
having  a  faint  sweetish  taste.  All  its  compounds  and  derivatives  are  likewise 
perfectly  amorphous. 

The  tetranitro-dtrivative,  C>*H^(NO')^'0,  is  formed  by  gradually  adding  red 
fuming  nitric  add  to  a  solution  of  the  base  in  dilute  nitric  acid,  and  separates  on 
addition  of  water,  as  a  yellow  amorphous  powder  nearlv  insoluble  in  alcohol,  ether, 
and  benzene,  soluble  in  concentrated  acids,  and  separated  thereftom  by  water.  When 
heated  it  does  not  explode,  but  takes  fire  and  bums  quickljr,  leaving  a  slowly  com- 
bustible cinder.  It  may  be  amidated  by  treatment  with  tin  and  hydrochloric  add, 
but  the  resulting  oompoimd  is  not  of  a  character  to  admit  of  exact  investigation. 

Actum  of  Ethyl  Bromide  on  ATnorphous  Hydrocinchcnine, — This  base  heated  to 
100^  in  sesied  tubes  with  ethyl  bromide  yields  an  amorphous  mass  soluble  in  water 
and  fbrminff  a  strongly  add  solution  from  which  ammonia  throws  down  a  white 
earthy  precipitate ;  this,  however,  quickly  decomposes,  so  that  it  is  not  possible  to 
obtain  the  compound  in  the  pure  state.  The  ethyUtion  appears  to  be  incomplete, 
even  after  reputed  treatment  of  the  precipitate  with  ethyl  bromide. 

By  subjecting  the  salt  obtained  after  twice-repeated  treatment  with  ethyl  bromide 
to  the  action  of  iuming  nitric  acid,  a  nitro-derivative  is  obtained  having  the  composi- 
tion C**H*>(C^*)*(N(^)«NK)Br*,  and  differing  from  the  nitro-derivative  of  ciystaUised 
hydroduchonine  in  being  less  easily  combustible  and  not  being  coloured  by  ammonia. 
Its  formation  may  be  explained  by  supposing  that  the  action  of  otbyl  bromide  on 
amorphous  hydrodnchonine  first  gives  rise  to  the  compound  C^H**(C^3|)'N'0.2HBr, 
and  that  by  the  further  action  of  ethyl  bromide  on  the  base  C*>H*^C^»)*N*0  pre- 
dpitated  therefrom  by  ammonia,  the  compound  C**H**(CH*)*NK).2C^*Br,  or 
C  •H"(G*H*/N<OBr',  is  formed,  which  by  subsUtuUon  of  4N0*  for  H«  yields  the 
compound  above  formulated  (Zom). 

Hexcklorkvdrooinohonine,  C^H^KJl'NO  ^according  to  Hesse).— This  com- 
pound is  fozmed,  with  great  evolution  of  heat,  wnen  chlorine  gas  is  passed  into  a 
solution  of  amoiphous  hydrodnchonine  in  hydrochloric  add ;  the  liquid  acquires  a 
deep  reddish-yellow  colour,  and  when  mixed  with  water  yields  a  bulky  yellow  precipi- 
tate, whidi,after  washing  with  absolute  alcohol,  has  the  compodtion  C^H^'Cl'NO  +  ^HK). 
It  dissolves  easily  in  strong  adds,  and  is  reprecipitated  by  water ;  easily  also  in 
alcohol  and  in  ether :  it  appears  to  be  quite  incapable  of  crystallisation.  It  is  de- 
composed by  heat,  but  the  chlorine  which  it  contains  appears  to  be  very  intimately 
combined,  not  being  predpitated  by  diver  nitrate. 

The  action  of  chlorine  on  amorphous  hydrocinchonine  likewise  gives  rise  to  a 
Tolatile  decomposition-product  whicn  imparts  an  aromatic  odour  to  the  liquid  re- 
maining after  Uie  chlorhydrodnchonine  has  been  precipitated  by  water.  This  vohitile 
eompoimd  may  be  extracted  from  the  liquid  by  means  of  ether  free  from  alcohol,  and 
purified  by  evaporating  the  ether  and  distilling  the  residue  with  steam.  It  crystallises 
m  slender  needles  wluch  melt  at  135**,  and  dissolve  very  easily  in  alcohol,  somewhat 
less  in  ether,  but  are  insoluble  in  water.  This  compound  has  the  composition  of 
tetrachlorocryptidine.  The  reaction  by  which  it  is  produced  is  not  yet  under- 
stood, but  its  formation  justifies  the  conclusion  that  cinchonine  contains  an  11 -carbon 
radicle,  and  that  the  bodies  of  thechinoline  series  are  intimately  related  to  dnchonine. 


Skraup  (Deut,  Chem,  Oes.  Ber,  xi.  311)  takes  a  different  view  of  the  composition 
and  relations  of  the  hjrdrodnchonines.  His  analyses  of  dnchonine  lead  to  the 
formula  C^'H^^K),*  originally  proposed  by  Laurent  (i.  94) ;  uid  he  finds  that  the 
chief  products  of  the  oxidation  of  dnchonine  by  permanganate  are  cinchotenine 
{1st  Suppl.  464)  and  formic  add,  according  to  the  equation : 

CitH«N*0  +  O*  =  C»H*N«0«  +  OHK)«. 

Oinchonijie  Cinchotenine  Formlo 

Mid 

This  equation,  however,  does  not  explain  the  evolution  of  oxygen,  which,  accordiog 
to  Skraup's  own  observation,  is  an  invariable  concomitant  of  the  reaction. 

By  the  action  of  sodium-amalgam  on  cinchonine  dissolved  in  acetic  acid,  Skraup, 
like  Zom,  obtains  two  hydrocindionines,  one  crystalline,  the  other  amorphous,  the 
proportions  of  the  two  produced  varying  according  to  those  of  the  materials  employed. 
'When  the  proportion  of  sodium-amalgam  was  su(m  as  to  yield  between  3  and  4  at.  H. 
to  1  mol.  cinchonine,  the  product  consisted  almost  wholly  of  the  more  highly 
hydrpgenised  amorphous  base ;  and  with  1-2  at.  H.  to  1  mol.  cinchonine,  the  quantitiee 
of  crystalline  and  amoiphous  hydrocinchonine  obtained  were  nearly  equal.    H«u<» 


'-B'eseebiaJks/t  most  probshle  that  he  was  deaUngwlUi^omoc&^ 
3rd  Sup,  I J  ^^ 
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Skraup  concludes  that  the  amorphous  base  must  be  formed  by  assumptioii,  not  of  iH, 
as  it  should  according  to  Zom's  formula,  but  of  only  2H.  The  difficmlty^  of  oibuiniiy 
this  compound  in  the  pure  state  has  hitherto  prevented  the  deteraiiiiatioD  of  its 
formula  by  exact  analysis ;  but  the  analyses  made  faTour  the  conclusion  that  it  eon- 
tains  only  19C. 

The  analyses  of  ciTstalllsed  hydrocinchonine  and  of  its  platinochlorido  lead  to  the 
empirical  formula  C'H^N'O,  whence  Skraup  infers  that  this  base  must  be  d  i  hydro - 
dicinchonine,  (C**H*>NH))^H',  formed  by  the  union  of  two  cinchoniiiA-moleeibs 
with  addition  of  2  at.  hydrogen.  This  view  is  in  accordance  with  tha  £ut,also 
observed  by  Skraup,  that  the  crystallised  base  is  not  conyerted  into  the  unorplKWs 
base  by  the  action  of  nascent  hydrogen. 

Similar  resulta  are  obtained  by  acting  on  cinchonine  with  zinc  and  dilute  sulphnrie 
acid,  excepting  that  the  hydrogenation  is  altogether  less  complete,  and  the  proportko 
of  crystallised  hydrocinchonine  larger. 

CblorcMliioboiilde,  0»H»N>C1  (W.  Zorn,  J,  pr.  Chem,  [2\  viii.  279).  Thii 
compound,  derived  from  cinchonine  by  substitution  of  CI  for  HO,  in  the  rame  manner 
as  chlorocodide^m  codeine  (1«^  Stippl.  480),  is  produced  by  heating  cinchonine  hydzo- 
chloride  to  140^-150^  in  sealed  tubes  for  several  hours  with  highly  concentrated  hydro- 
chloric add,  prepared  by  saturating  ordinary  strong  hydrochloric  acid  cooled  by  iee 
and  salt  with  di^  hydrogen  chloride ;  by  hydrochloric  acid  of  ordinary  strength,  the 
cinchonine  is  converted  into  the  isomeric  base  cinchonicine.  On  opening  the  tube 
and  evaporating  the  contents,  hydrochloride  of  cinchonidide  is  obtained,  from  which 
the  base  itself  may  be  precipitated  by  ammonia  in  shining  crystalline  eealee  having 
the  composition  C^H^NH^lI^O.  The  water  of  crystallisation  is  not  given  off  at 
120^,  and  at  higher  temperatures  decomposition  takes  place.  The  kydrocklofide, 
C^H<*NKa.2HCl.H^0.  dissolves  in  about  20  parts  of  water,  and  ciystalliees  there&om 
in  transparent  six-sided  prisms,  which  become  opaque  when  moistened  with  purs 
water,  but  recover  their  transparency  in  contact  with  hydrochloric  add.  It  is  but 
slightly  soluble  in  moderately  concentrated  hydrochloric  acid,  and  is  thrown  down  as  a 
crystalline  powder  when  its  solution  in  the  strong  acid  is  diluted  with  water.  Th^ 
aqueous  solution  has  a  strong  acid  reaction,  and  exhibits  all  the  properties  of 
cinchonine  hydrochloride  except  its  fluorescence.  The  crystals  do  not  give  off  their 
water  at  120°,  but  suffer  decomposition  at  higher  temperatures. 

Ghlorocinchonide  is  not  reconverted  into  cinchonine  by  heating  with  water  or 
with  alcoholic  potash,  neither  does  the  chlorine  appear  to  be  replaceable  by  cyanogen. 
Heated  to  160^-160°  in  sealed  tubes  with  alcoholic  ammonia  it  dissolves,  with  sepa- 
ration of  ammonium  chloride,  indicating  a  reaction  expressible  by  the  followmg 
equation : 

Cr»H»N5Cl   +   2NH»  -  NH*C1  +   C»H«(NH«)N«; 

but  no  decisive  evidence  of  the  formation  of  amidocinehomde  has  yet  been  obtuned. 

Attempts  to  replace  the  chlorine  in  chlorocinchonide  by  hydrogen,  and  obtain  the 
compound  C^H'^N-  (cinchonine  minus  oxygen),  did  not  yield  the  expected  vsralL 
When  an  alcoholic  solution  of  chlorocinchonide  was  treated  for  some  time  with  sodiini- 
amalgam,  and  the  residting  liquid  mixed  with  water,  microscopic  cxystala  separated, 
consisting  of  a  compound  isomeric  with  chlorocinchonide,  and  at  the  same  time  them 
was  formed  an  uncrystallisable  compound  soluble,  in  ether,  and  yielding  a  nitzo-deri- 
vative  having  the  composition  C^H^(N0-)^NK!1 :  hence  it  appears  probable  thatths 
compound  soluble  in  ether  is  an  addition-product  of  chlorocinchonide,  via.,  0'*H*'N*CI 
(Zom). 

Bromoolnobonlnea  (A.  £opp,  Arch.  Pharm,  [3],  ix.  34).  MonobiroBioein- 
chonine,  C^H^BrN'O,  is  prepared  by  dissolving  cinchonine  hydrochloride  in  dilute 
alcohol,  and  mixing  the  solution  with  rather  more  than  the  calcnlated  quantity  of 
bromine  dissolved  in  alcohol.  On  adding  ammonia  till  the  red  colour  of  the  liquid 
changes  to  yellow,  crystals  of  monobromocinchonine  separate  out.  SesqnibtoiBO- 
cinchonine,  O^H^Br'N^O^,  is  obtained  by  trei^ting  cinchonine  with  excess  ox  bromint 
at  ordinary  temperatures.  Dibromocinchonino,  (^H^r'NH),  is  produced  hj  boilisg 
the  hydrochloride  of  cinchonine  with  excess  of  bromine,  and  is  obtained  in  laminar 
crystals  by  boiling  the  resulting  resinous  mass  with  water.  These  three  brono- 
cinohonines  melt  at  nearly  the  same  temperature,  and  decompose  at  the  fiDUowiqg 
temperatures : 

Mono-.  8csqTii-.  Di-. 

above  230<»  at  180°  at  200** 

Hzyeinohonlnem.    Mono-,  aeac^v,  axvd  dl-^^xYcinchonine  are  prepared  1^  hal- 
iog  the  corresponding  bromocvneYioinnfia  ^>i)[i.  ^c^V^*^  y^X^i^  ^aoai'ii^Xjist^^pMBBgfiafty^ 
with  wat'Or,  and  repeatedly  trwvt\i\g  \Vv?^  Y^^^Y^^*-^  "^^  Y^VwScv^  wA  'nsLw\»"^pR(». 
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by  saturating  the  solution  with  carbonic  acid,  evaporating,  exhaaiting  with  water,  and 
crystallising  the  residue  from  alcohol. 

Monosycinehonine,  C**H'*N'0^  crystallises  in  prisms ;  tesmtioxt/cittchonine, 
C^H*N*(>*,  and  dioxi/(nnch(mine,C^B.**S'^G*,  in  feathery  crystals.  Tnese  compounds 
are  white  when  recently  prepared,  but  turn  yellow  on  exposure  to  the  air.  They 
dissolve  readily  in  alcohol,  less  easily  in  ether,  are  insoluble  in  water.  Their  acid 
solutions  are  not  fluorescent.  Their  salts  are  difficult  to  cxystallise.  They  are  not 
Bublimable,  and  turn  brown  at  206^,  208^,  and  220^  respectively.  They  are  not 
coloured  green  bv  chlorine-water  and  ammonia,  or  red  with  potassium  ferrocyanide 
and  ammonia.  They  form  white  precipitates  with  tannic  add,  brown  with  potassium 
periodide,  yellow  with  platinic  chloride.  By  the  action  of  acetic  anhjrdride  at  high 
temperatures,  they  are  converted  into  brown  greasy  masses.  The  rotatory  power  of 
the  three  ozycinchonines  in  Hesse's  mixture  of  chloroform  and  alcohol  is : 

Monozj-.  Seaqniozy-.  Dloxy-. 

a   =    +ld3-93  +27114*  +21484 


Acids  produced  hy  Oxidation  of  Cinchonine  (H.  Weidel,  JAebig^s 

AnnaUn^  dxxiii.  76). 

Cinchonine  treated  with  nitric  acid  of  sp.  gr.  1*4  yields  a  mixture  of  four  acids, 
the  relative  proportions  of  which  vary  with  the  strength  of  the  acid,  and  the  duration 
of  the  action.    These  acids  are  formed  by  the  following  reactions : 

C»H«<NK)  +   40«  -  6H«0  +   C»H"NK)*. 
dnchonine.  Oinduminio  acid. 

C^H'^N'O*  +   NHO«  +    6NH0»  «  3H«0  +   4N0«  +   C»»H»N»0«. 

Cinchomeronic 
Cincboninic  add.  acid. 

+   OH'NW. 

Quinolic  acid. 

C"H"NW   +   0«  «  0"H«N«O». 

Oxydnchomoroiiic 
Cinohomcronic  add.  add. 

Cinchonine  in  half  kilograms  at  a  time,  is  heated  with  ten  parts  of  nitric  acid  in  a 
capacious  retort ;  in  an  hour  the  mixture  b^ns  to  boil,  and  an  energetic  reaction  sets 
in,  the  liquid  becoming  dark  orange-prellow ;  the  source  of  heat  should  be  removed  till 
this  stage  is  over ;  finidly  the  whole  is  boiled  for  70  to  80  hourH,  until  a  sample  diluted 
with  water  and  supersaturated  with  ammonia,  gives  a  clear  solution,  the  precipitate 
first  thrown  down  being  re-dissolved  by  the  excess  of  ammonia.  The  excess  of  add 
is  then  distilled  off,  and  the  residue  evaporated  to  a  syrup,  diluted  with  a  little  water, 
and  Uien  disseminated  through  4  to  6  litres  of  water.  After  24  hours,  a  clear  liquid, 
A,  and  a  yellow  precipitate,  B,  are  obtained.  The  aqueous  solution,  A  (toother  with 
the  wash-waters  of  B)  is  treated  with  ether,  whereW  a  solution  is  obtained,  which 
leaves  on  evaporation  an  indistinctly  crystalline,  slightly  coloured  mass,  0.  The 
aqueous  liquor  thus  exhausted  by  ether,  and  left  to  itself  for  several  days,  deposits 
crystals,  D ;  and  the  mother-liquors  of  these,  when  evaporatni,  give  another  crop  of 
needles,  £,  whilst  the  last  mother-liquors,  F,  are  uncrystallisable. 

B  and  C  consist  chiefly  of  quinolic  acid;  the  mixed  substances  are  dissolved  in 
hot,  strong,  hydrochloric  add,  and  filtered  from  a  little  resin ;  on  cooling  crystals 
form,  consisting  of  a  hvdrochloride  of  quinolic  acid,  stable  only  in  presence  of  strong 
hydrochloric  acid,  and  completely  decomposed  by  water;  these  are  dissolved  in 
dilute  hydrochloric  acid  ;  the  solution,  after  treatment  with  animal  chajt:oaland  filter- 
ing, deposits  slender  needles  of  pure  quinolic  add. 

D  is  purified  by  dissolving  it  in  hot  dilute  nitric  add,  filtering  after  boiling  with 
animal  charcoal,  whereby  resin  is  removed,  and  leaving  the  solution  to  crystallise ; 
the  crystals  are  dissolved  in  a  large  bulk  of  boiling  water,  and  treated  with  milk  of 
lime,  until  the  liquor  is  only  feebly  add.  The  predpitate  contains  much  calcium 
oxydnchomeronate,  some  of  which  salt  also  cr^itallisee  from  the  filtrate  on  cooling. 
The  calcium  salts  are  dissolved  in  hot  dilute  hydrochloric  acid,  from  ;ivhich  solution 
oxycinchomeronic  acid  crystallises  in  transparent  tables.  The  filtrate  from  the 
crystals  of  <»ldum  salt  is  evaporated,  and  treated  with  hydrochloric  acid,  when  ci  n- 
chomeronic  acid  separates  in  crystals;  this  is  the  least  soluble  of  all  the  cinchonine 

•  Probablj  a  mispilnt  for  171*14,  ilnoe  Kopp  remarks  that  the  rotatory  power  of  th«  ozydndio 
plnea  ia  ma  a  gmenl  rule  lem  than  that  of  dnchonine,  whkh,  aocardiikf^  to  ^Ni  UMavsnimKXkV  ^ 

Il2 
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oxidation-pndiicta,  Thii  Brat  product  U  purified  b;  oTBtBlliBatiMi ;  SotHj  taa*- 
{omcd  ioto  eappsr-sfjt  by  addition  of  copper  ac^etate  to  the  hot  nqiiMUs  lohitioii,  and 
deeomposed  by  aulpharetted  bydrogfii. 

K  conaista  cliiofl;  of  einchoninic  Bcid,  anil  •»  potified  b;  nciTgt&UintiMi  fno 
wUbt,  and  treatment  with  animsl  charcoal. 


'boniDic  and  cmchumeronic  scidB.  sepaiHblu 
t,  filtration  horn  ream,  treatment  of  the  filtTate  with  silver  oiid*^  and  of 
the  Bilver  salt  thus  fortned  with  hydrochloric  acid,  whereby  a  solutioa  is  obtMDad, 
which  givDS  a  rryftallino  moBii  on  i^raporaljon  ;  part  of  this  lemains  Bndimat?*d  OB 
boiling  with  a  niodemte  quantity  of  wntur:  this  u  ciQchomeranic  add. 

tHnoIionliilo  AaUl  separntes  from  aqontus  aolntions  which  hare  beeo  boiled  tin 
tome  tame,  in  aobydrona  ciystals  resembling  caffeine ;  troia  solntions  which  have  not 
been  boiled,  in  well-defined  prismatic  crystals  contaiuiog  4  mola.  of  water-  Bj  ilo* 
evapotBtioD  hydmted  tabular  crystals  arc  obtained.  The  hydrated  acid  eOoTHB*. 
diualTe*  slowly  id  alcohol,  not  at  all  in  ether,  in  water  only  after  long  btuling,  easily 
Id  dilute  acids.  The  anhydrous  acid  is  more  easily  dissolvud  by  water.  Tbe  aolution 
is  strongly  add,  decomposes  carbonates,  and  is  precipitated  by  basic,  but  not  ty 
neutral  acetate  of  lead,  the  precipitate  being  soluble  in  czceas  of  the  reageut  and  in  • 
lai^o  quantity  of  water.  Tbe  cafniiin  mII,  C»H"CaN'0'+ 1}H'0,  is  al^htly  soluhia 
in  hot,  nearly  insoluble  in  cold  water.  The  copper  ndC  is  anhydroas,  forms  violet-bin* 
leaflets,  and  is  very  sparingly  soluble  in  water.  The  li^iwr  «df,  C*H"Ag'N'0',  ia  uit 
characteristic.  Tha  potaaavm  mlt.  C^H"K'lPO'  +  H'O,  oysialliBes  in  cauliflower- 
like  maaaes.  The  Gomtioii  of  the  add  in  hydrochloric  acid  forms  with  ptodntc  eUonilr 
tbe  salt  C"H"N=0'.2HC1.P«C1',  which  cryHlaliiaos  in  long,  orange-red,  sparingly 
soluble  needles. 

CSnehoninic  acid  when  heated,  melts  and  suUimeB  with  partial  decomposition,  and 
bums  with  a  bright  flame.  The  ntlcium  salt  when  heated  givee  off  the  odonr  uf  the 
qninol-baaea.  The  acid  hpnlad  with  nitric  acid  is  completely  resolved  into qninoli*  and 
cincbomeronic  sciils. 

Qolnslle  Aeld,  C'Q°N'0',  forms  light,  woolly,  anhydrous  crystals,  tMamhliu 
quinine  sulphate ;  it  tast^-s  sour  at  first,  then  bitter,  and  is  but  little  soluble  is  aloohoi. 
and  insoluble  in  ether  and  water,  except  in  presence  of  a  mineral  acid  or  acetie  acid. 
Caustic  potash  and  ammonia  colour  it  bright  cannina-red.  the  colour  dis^peaii^ 
however  eponlaneously  or  on  addition  of  water.  The  nfwr  tall,  CB'&t^n'O',  ■* 
cvjBtallins  and  not  altered  by  light ;  the  other  salts  crystalliBe  boilly,  and  are  difficult 
to  pnrifr.  With  *;/rfrociJiwtc  ocirf  quinolic  ncid  forms  the  compound  (?H*S'0'J1CI, 
which  IS  decomposed  by  water,  and  forms  with  platinin  emoridt  tbe  compound 
a(C'H'N'0".HCI).PtCl',  which  separates  in  needles  of  a  fine  dark  oiange-Te.1  colour. 

Qoinolir  acid  when  heated  behnves  like  einchoninic  acid.  Fuard  with  potadi,  it 
yields  potassium  nitrite.  With  tin  and  kyOmchlonc  acid  it  fonas  a  tts'.itaiu  amiilo- 
pTOduct.  Heated  with  twice  its  weight  ol  water  and  an  equal  quantity  of  fmmmit  tn 
a  sealed  tube,  with  repeated  additicn  of  bromine,  it  forms  a  resiDona  product,  wlticb 
when  recrygtallifHl  from  alcohol,  distilled,  and  again  crystallised,  forms  nearty  colnir- 
lees  needles  midtint-  at  8S°-90''.  and  liaving  the  composition  CHBrV.  lliis  oom- 
pouad,  treated  with  fiodium-amalgam,  yields  an  oil  soluble  in  etlier,  and  having  all  tht 
properties  of  chiooline. 

OU>ebainBronI«  Aold,  C'E'N'O*,  dissolves  most  easily  in  very  dOuta  nitrir 
acid,  and  crystal  I  I'^Cfi  there&om  in  cruHla  and  nodnlea  compoHd  of  Email  Dcedln;  ia 
ether  and  in  alcohol  it  is  nearly  insoluble.  When  heated  it  hehares  like  the  two 
praceding  acids.  The  ealaian  salt.  (C'U'NiO'^'Ca'-i-  IDH^O,  and  the  bariKnt  aalr. 
(C"H'N'0')'Bb' +  4H=0,  obtained  by  predpitatmg  the  ammoniacal  sotutioa  of  Uw 
ftcid  with  the  correspouding  chlorides,  are  crystalline  precijalales  dissolving  with 
difficulty  in  water  and  giving  off  their  Water  of  eryBtallisation  at  13(1°.  The  fffn 
tail,  (C"H'N'0*)'^n'.  separates  ou  adding  cnpric  acetate  to  a  solution  of  tbe  Mid  io 
acetic  add,  as  a  sky-blue  crystalline  anhydrous  precipitate  nearly  insoluble  in  water. 
The  jitlHT  mJf.  CU'If'O'Ag',  obtained  by  prcdpitatiou,  is  not  much  affected  l^U^. 

Cincbomeronic  acid  ftased  with  caustic  potaah  does  not  yield  poIasBinm  nitril*- 
Btomine  and  water  convert  it  into  a  yellow,  crystailitie,  difficultly  puriflahle  subManet 
cootainitig  bromine  and  nitrogen.  Heated  with  nitric  acid  in  sealed  tubes,  it  is  MD- 
verted  into  oxy cincbomeronic  acid.  It»  calcium  salt  is  decomposed  by  (^tiltatim, 
yieldingpyridine. 

Ox}/cinchomeronie  acid,  C"H'N*0*,  cryatalliaes  in  distorted,  highly  luiDmu 
leaflets,  considerably  soluble  even  in  cold  water,  easily  soluble  in  alcohol,  insolBble  in 
other.  Its  Bolutiona  are  uAonieil  \iVDod~i«i  l>3  fenaoB  sul^hate^  the  colour  disqmar- 
iag  on  additioD  of  a  froettni.  T\i6Mi4'»nXaVii»-w««t  <Acr)tt;^\\»>:\j»,,'iSB&.'«, 
gives  off  at  120°. 
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The  potassium  salt,  C"H«K*NK)«,  is  very  hygroscopic ;  the  sUvtr  aait,  0»>H*Ag<N«O. 
darkens  on  expocare  to  light  or  when  dried  ;  the  calcium  salt,  (C*'H*NK)*yCa*,  form 
dull  sandj  crystals  nearly  insoluble  in  water ;  the  copper  salt,  C"H*NK)*)Khi',  is  a 
gummy  amorphous  precipitate. 

yjroolBOlioiilo  Aeld«  0'*H^*0*,  is  formed  by  the  dry  distillation  of  cinchonic 
Acid  • 

0»H'*0»  =  C0«  +   2H«0  +  C»«H»«0»; 

it  passes  over  in  the  form  of  an  oil,  solidifies  after  a  while,  and  may  be  obtained  by 
pressure,  re-distillation,  and  crystallisation  from  ether,  in  well-defined  tabular 
crystals. 

Fyrocinchonic  acid  is  more  soluble  in  ether  and  alcohol  than  in  water,  has  a  sweet 
taste  and  acid  reaction,  melts  at  05^,  volatilises  with  aqueous  Tapour,  and  behaves  to 
metals  like  cinchonic  acid,  yielding  salts  having  the  composition  G'*HnM['0*.  With 
meltinff  potash,  it  yields  oxalic  acid  and  some  of  the  lower  &ttv  acids,  and  when  boiled 
with  chromic  acid  solution  it  gives  off  carbon  dioxide  and  acetic  acid.  It  is  not  acted 
on  by  acetyl  chloride. 

Hjfdropjfroeinekonic  acid,  C'E^K)',  is  formed  by  boiling  an  alcoholic  solution  of 
p7iocinclK>iiic  acid  with  sodium-amalgam : 

CWH"0»  -§.  H«  +  2H«0  «  C»«H»«0», 

and  may  be  obtained  in  dull  flat  needles  by  neutralising  the  product  with  sulphuric 
acid  and  exhausting  with  ether.  It  melts  at  170^,  and  forms  a  crystalline  silver  salt, 
C«*H"AgK)'. 

CNtedhOBle  Aeldf  G^H^K)*.  Cinchomeronic  and  oxycinchomeronic  acid,  when 
treated  with  nascent  hydrogen,  give  off  the  whole  of  their  nitrogen  in  the  form  of 
ammonia,  the  former  being  converted  into  cinchonic  acid,  the  latter  probably  also  into 
the  same  compound : 

C»'H«N«0»  -I-   6H  +  8H«0  =  2NH«  -i-  0"H'*0». 
C^noboiDeronlo  dnchoiiio 

add.  add. 

To  prepare  cinchonic  acid,  a  solution  of  cinchomeronic  acid  in  potash  is  boiled  with 
■odium  amalyim  as  long  as  ammonia  is  given  off;  the  solution  neutralised  with  acetic 
acid  is  precipitated  with  basic  lead  acetate ;  the  precipitate  is  decomposed  with  hydrogen 
sulphide ;  and  the  acid  solution  decolorised  with  animal  charcoal  is  evaporated  to  a 
•ymp.  It  then,  often  only  after  several  months,  yields  very  deliquescent  crystals, 
which  may  be  purified  by  recrystallisation  from  ether. 

Cinchonic  acid  has  a  strong  and  agreeable  sour  taste,  like  that  of  tartaric  acid ;  its 
aqueous  solution  gives  a  white  precipitate  with  lead  acetate,  but  does  not  precipitate 
the  salts  of  silver,  copper,  or  the  metals  of  the  iron  group.  The  sUver,  calcium,  and 
copper  salts  aro  amorphous — the  first  two  white,  the  third  light  blue-^and  have  a 
composition  represented  by  the  formula  C'H^M'O', 

Constitution  of  Cinchonins  and  its  Acid  Derivatives. — Weidel  attri- 
butes to  cinchonine  the  formula — 


Off 


— ?C»H««N 


This  would  readilv  give  by  oxidation  CH*N.CO'H,  this  formula  bein^  half  that  above 
attributad  to  cinchoninic  acid.  The  doubling  of  the  formula  is  justified  by  the  fact 
that  cinchoninic  acid  splits  up  sharply  into  quinolic  acid,  and  cinchomeronic  acid 
(p.  488),  and  yields  acid  salts. 

QuHolie  acid  is  probably  dihydroxyl-nitroqui  noline,  C*H*N(OH)'(NO*),  as  it 
▼ields  nitrite  of  potassium  on  fusion  with  caustic  potash,  and  is  converted  by  tin  and 
hydrochloric  acia  into  a  resinous,  easily  decomposed  amido-product. 

Cbiek&meronic  acid  is  probably  C5«H*N«(C0.0H)». 


Oxycmchomeronic  acid,  ^^*^^](qqq^\* 


Cinckonie  acid,  C*H*||qq^jjv„ 

ypQ  QTT\2i    ^dftril^    to  c'\UcViQIi\C  tkJC\<i  ^\i«  lKQi«  x«- 

latinttMhip  as  itacanic  acid  to  citric  acid. 
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Clnolionldln6ff  C''*H'*NK)  (the  quinidine  of  Heorjr  a.  Delondro;  a-quinidina 
of  Kerner),  crystallises  from  alcohol  in  anhydrous  noodles,  prisms,  or  plates,  gives 
no  fluorescence  (when  pure),  and  no  green  coloration  with  chlorine  and  "■"»«"«f 
It  is    Iffivorotetory.     The    hydrochloride    is  C»H"N«O.Ha+HK);   the    talphate 
C»H«N«O.H»SO*+6H20  (Hesse). 

8ulphato-periodide8.—l2C^m*^^0.9R^O\smV*+BH),  Herapath's  bnss- 
yellow  salt,  is  easily  prepared  by  slowly  cooling  a  solution  of  the  theoretical 
quantities  of  its  constituents  in  hot  alcohol.  It  crystallises  in  t<tj  fine  rhombic 
golden  plates.  Bisulphide  of  carbon  is  only  faintly  coloured  by  it  even  when  hot : 
ether  and  chloroform  not  at  all.  With  mercury  it  giyes  mercurous  iodide,  and  a 
double  iodide.    It  is  soluble  in  hot  alcohol. 

4C»H*«N20.2H'SO«.3HI.I<+4H*0  almost  always  separates  from  the  mothei^ 
liquor  of  the  previous  and  following  compounds  in  long,  thin,  silky,  reddish  yellow  or 
golden-yellow  needles.  When  pure  it  loses  all  its  water  on  drying  over  snlphorie 
acid.  It  imparts  no  colour  to  ether,  chloroform,  or  bisulphide  of  carbon,  bat  is  mluUe 
in  hot  alcohol.  The  solution  does  not  form  mercurous  iodide  when  shaken  up  with 
mercury,  but  an  almost  white  double  salt  crystallises  out  on  cooling  in  silky,  fiuntly 
yellow,  stellate  masses  of  flat  needles.  On  dissolving  it  at  a  gentle  heat  in  alcohol, 
with  addition  of  a  very  little  sulphuric  acid,  a  yellowish  salt  separates  out  on  eooUng, 
and  afterwards  an  olive-green  compound  into  which  the  whole  is  finally  conrerted. 

8C»H"N20.6H'SO*.6flLI»+6H«0  may  be  prepared  by  dissolving  308  grams  of 
cinchonidine  in  100  c.c.  of  alcohol  (93  per  cent)  and  adding  10  c.c  of  snlphmic 
acid  and  10  of  hydriodic  acid.  If  1*905  grams  of  iodine  in  50  c.c.  of  alcohol  be  then 
added,  and  the  temperature  kept  at  55^,  thin  olire-green  needles  are  fbraied,  which 
must  be  filtered  off  before  the  liquid  has  cooled  to  below  30°.  This  periodide  ia  not 
the  same  as  the  green  compound  described  by  Herapath.  It  has  no  effect  on  ether, 
chloroform,  or  bisulphide  of  carbon ;  it  gives  a  double  iodide  with  mercoiy,  but  ne 
mercurous  iodide  is  formed. 

2O»H«N«0.SH«0«.HI.I*.H«0  is  obtained  by  cooling  a  solution  containing  the 
calculated  quantities  of  the  constituents  in  hot  alcohol.  It  consists  of  reddish  or 
dark  brown  stellate  masses  of  short,  thick,  brilliant  needles.  It  gives  no  colour  to 
ether,  chloroform,  or  bisulphide  of  carbon.  With  mercury  it  forms  mercnroai  iodide 
and  a  double  iodide.  It  is  easily  convertible  by  addition  of  hydriodic  acid  and  dilntioB 
with  water,  into  the  second  compound.  Heated  to  100^,  and  boiled  with  aleohol,  it 
yields  for  the  most  part  olive-green  needles  of  the  third  compound  (Jozgensen,  •/!  jr. 
Chem.  [2],  xiv.  387). 

Thiocyanate,  C>*H>^H).HCNS.— This  salt  is  formed  by  adding  potassium  thio- 
cyanate  to  a  warm  aqueous  solution  of  the  sulphate  or  hydrochloride,  a  milky  tnrbidity 
being  first  produced,  and  the  thiocyanate  soon  after  separating  in  slender  white  anhy* 
drous  prisms-.  It  dissolves  in  205  pts.  of  water  at  20^,  easily  in  boiling  water  and 
in  alcohol,  is  nearly  insoluble  in  ether,  and  quite  insoluble  in  solution  of  potanimB 
thiocyanate.  An  aqueous  solution  of  phenol  added  to  the  aqueous  solution  of  this  salt 
produces  a  milky  turbidity  and  afterwards  an  oily  precipitate,  above  which  oolooriest 
prisms  gradually  form. 

The  neutral  salt  treated  with  sulphuric  acid  is  converted  into  an  oily  add  salt 
(Hesse,  Liebig's  AnncUen^  clzzxi.  50). 

Phenol-olnolionldlne,  C^H^'N^.CH'O,  is  formed  by  dissolving  eqnrralent 
quantities  of  cinchonidine  and  phenol  in  hot  dilute  alcohol,  and  separates  fiom  the 
solution  HS  an  oil  which  solidifies  after  a  while  in  beautiful  prisms  having  a  glassy 
lustre.  It  gives  a  dark  yellow  colour  with  ferric  chloride,  showing  that  the  ^eaol 
reaction  in  it  is  masked  ;  the  phenol  may,  however,  be  separated  from  it  by  dilute 
acids,  also  by  repeated  crystallisation  from  alcohol,  and  by  heating  to  180^  (Hasse^ 
iMhitfs  Annalefif  clzxzi.  53  ;  clxxzii.  160). 

Phenol-cinchanidine  sulphate,  2C«>H"N'0.S0».C«H«0  +  5H«0.— TWs  salt  is  formed 
by  adding  phenol -water  (1  :  25)  to  a  hot  aqueous  solution  of  neutral  cinchonidine  sul- 
phate, and  separates  on  cooling  in  crystals  which  may  be  purified  by  recrystalliaation 
from  boiling  water.    It  then  forms  white  shining  scentless  prisms  having  the  composi- 
tion 2C^»H"NK).S0».C«H«0+  5H«0.    It  dissolves  in  425  pts.  of  water  at  16®,  etafly 
in  boiling  water,  and  is  in  great  part  precipitated  from  a  cold  saturated  aqueous  sohi- 
tion  by  phenol-water.    It  is  readily  soluble  in  hot  alcohol,  and  partly  separates  in 
prisms  on  cooling.     Ferric  chloride  produces  with  it  a  dark  yellow  colour,  ahowii^ 
that  the  phenol  is  not  thereby  separated  ;  a  separation  of  phenol  takes  place  however 
when  the  solution  of  the  salt  is  treated  with  dilute  acids  or  with  ammonia  or  other  basea 
PAenol'Cinchonidine  hj/drocWortde,  *lC7^W^^''0.^Ci\.CyH.«Q,\R  formed  by  diasolviDg 
cinchonidine  hydrochloride  and  pYveivviV  \\\  w\\\vjv^\^tvV  \it«^T\A^«t»  va.  X^s^^vv^ja,    " 
feparates  on  cooling  in  cryalala  -wYutii  nm^j  Vvo  v^""^^^*^^^  xwix^jiiXaSXikSiaStfsoL  " 
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ing  water.  It  fonns  white  pannlar  cijstab  containing  1  mol.  HH).  Heated  to  100^ 
in  an  open  cmcible,  it  gives  off  water  together  with  considerable  quantities  of 
phenol,  and  a  further  quantity  (about  22  per  cent,  in  all)  at  120®,  turning  brown  at 
the  same  time  and  dissolving  with  brown  colour  in  water.  But  when  heated  to  about 
100^  in  a  loosely  closed  test-tube,  it  melts  and  gives  off  water,  and  the  mass,  if  then 
left  to  cool,  becomes  covered  with  a  crystalline  crust,  while  the  interior  remains  fluid 
for  a  long  time,  this  fluid  mass  evidently  consisting  of  the  anhydrous  salt  Partial 
fusion  likewise  takes  place  when  the  crystallised  substance  is  heated  with  hot 
water. 

The  salt  dissolves  easily  in  alcohol  and  in  hot  water,  in  46  pts.  of  water  at  15^, 
and  is  partially  precipitated  from  the  last-mentioned  solution  by  phenol-water.  It  dis- 
solves easily  in  chloroform,  very  sparingly  in  ether.  Its  specific  rotatory  power  at  \69 
for  the  D  line  is  — 124*12°.  With  ferric  chloride  it  behaves  like  the  phenol-sulphate ; 
the  phenol  contained  in  it  has  lost  its  caustic  properties,  but  is  easily  liberated  by 
adds  or  alkalis.  On  adding  platinic  chloride  to  a  dilute  solution  of  the  hydrochloride 
in  phenol-water,  a  precipitate  is  formed  consisting  of  the  platino-chloride  of  cin- 
chonidine. 

Another  phenol-cinchonidine,  2C*H'*NH).3G'H*0,  is  formed  when  1  mol.  cin- 
ehonidine  and  2,  3,  or  more  molecules  of  phenol  are  dissolved  together  in  alcohol.  It 
closely  resembles  the  preceding  compound,  and  is  likewise  decomposed  by  hotalcohol ; 
a  solution  of  1  pt.  of  the  compound  in  6  pts.  alcohol,  first  debiting  crystals  of 
2G'*H*^N'0.G*H*0,  and  on  further  recrystallisation,  pure  cinchooidiue. 

CHiloroclnoboiildldev  (>*H"N'C1.  This  compound  is  formed,  like  the  corre- 
sponding cinehonine  derivative  (p.  482),  by  heating  dnchonidine  to  140^-160®  with 
highly  concentrated  hydrochloric  acid. 

The  contents  of  the  tube  may  be  diluted  with  water  without  separation  of  crystals, 
and  ammonia  added  to  the  solution  throws  down  the  chlorocincnonidide  as  a  white 
bulky  precipitate,  which  dissolves  in  alcohol,  and  separates  from  the  solution  in 
brightly  nacreous  scales  having  the  composition  G^H^N'Gl  +  H'O  (Zorn,  J,  pr»  Chem. 
[2],  viii.  279). 

IMo^yolBolioiildlne,  C^H'^N'O*.  When  bromine  is  added  to  a  mixture  of 
finely  powdered  cinchonidine  and  carbon  sulphide,  the  compound,  CH^r'N'O  +  2HBr, 
is  obtained  in  fine  yellow  needles.  It  is  insoluble  in  carbon  sulphide,  but  dissolves  in 
alcohoL  When  this  solution  is  boiled  with  water  to  remove  the  alcohol,  and  the 
liquid  is  evaporated  in  a  vacuum,  the  hydrobromide  is  obtained  in  long  colourless 
needles.  By  the  continued  action  of  boiling  alcoholic  potash,  this  salt  is  converted 
into  dioxf/cinchamdine,  C*H'*N^,  forming  ramified  crystals.  The  normal  sulphate 
of  this  base,  (C»H»*N«W«SO*H«  +  2H*0,  forms  stronglv  refractive  white  plates.  On 
dissolving  it  in  dilute  sulphuric  acid  and  evaporating  the  solution  over  oil  of  vitriol, 
the  acid  salt,  C*H'''«NK)\SO«H>,  is  obtained  in  hard  crystals.  The  olatinum  salt^ 
0"H'^N'0*.2HCl.PtGl\  is  a  crystalline  precipitate  insoluble  in  water.  Diozycinchoni- 
dine  has  the  same  composition  as  ozyquinine,  which  Schiitzenbeiger  obtained  by  boil- 
ing quinine  sulphate  with  potassium  nitrite  (iv.  320),  but  does  not  appear  to  be  iden- 
tical therewith  (Skalweit,  Liebig^B  Annalmf  clxxii.  102). 

Oinolioiilolnev  CH^'N'O,  is  prepared,  similarly  to  quinicine,  by  the  action  of 
heat  on  the  acid  sulphate  of  cinehonine  or  cinchonidine.  This  salt,  after  drying  in 
the  exsiccator,  melts  at  130^,  and  is  converted  into  cinchonicine  bisulphate  without 
the  slightest  alteration  of  weight.  Ginchonidne  may  also  be  prepared  from  cineho- 
nine, but  not  so  conveniently,  as  the  bisulphate  of  that  base  does  not  crystallise 
readily.  The  melted  mass  is  dissolved  in  water,  the  solution  supersaturated  with 
ammonia  and  shaken  up  with  ether,  the  ether  evaporated  in  the  exsiccator,  and  the 
residue  converted  into  neutral  oxalate,  which  crystallises  after  a  while,  and  is  to  be 
dried  in  the  exsiccator,  freed  from  colouring  matters  by  repeated  crystallisation  from 
boiling  chloroform,  and  finally  recrystallised  from  water. 

To  obtain  the  dnchonicine  from  this  salt,  it  is  mixed  with  slaked  lime  or  caustic 
soda  and  a  little  water,  and  the  separated  alkaloid  is  taken  up  with  absolute  ether. 
On  evaporating  the  colourless  ethereal  solution,  the  cinchonicine  remains  as  a  slightly 
yellowish  amorphous  mass,  which,  when  dried  in  the  same  manner  as  quinidne,  first 
in  the  exsiccator,  and  then  in  a  vacuum  at  62^,  gives  by  analysis  numbers  which  show 
that  it  is  isomeric  with  cinehonine  and  cinchonidine,  and  does  not  form  a  hydrate. 

Cinchonicine  forms  a  slightly  yellow  viscous  mass  which  may  be  drawn  out  into 

colourless  threads.  It  melts  to  a  mobile  liquid  at  about  50°,  becomes  brown  at  about  80°, 

and  at  100'^  or  above  is  converted  into  a  dark- brown  mass  of  the  colour  of  qninoidine. 

Jt  diBBolvea  eaeiljr  in  alcohol,  ether,  chloroform,  acetone,  and  \M«\iftTVB.    \\a  ^Qx:^[i<cX\^ 

MoJutioD  1ms  a  bitter  taste  and  atroDg  basic  reaction,  and  uevitxaiiaea  ai^^LB  c/cASf^^^eiOvX^. 
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CiDcbonicineis  not  colonreil  bj  chlgriae  and  ammonia,  Ila  bydrochlorie  add  f n  •• 
lotion  giTM  nitb  chloride  of  lime  or  Labarmqile'B  nngoDt,  B  while  fliKcnlfnt  )incifl> 
tste  Dot  coloured  I17  ammonlB;  this  reaction  disliD^ishee  it  from  cinchonine  and  ~ 
eboniiliiiB.  which  give  no  precipitate  with  Lsbarraiqiie'i  loliitioti.  It  it  dtMtnpt 
by  heating  with  Btroog  aitrie  aaid,  not  perceptibly  b;  aqaeone  sulphorio  addfl ;  (^ 
lia  solution  in  snlpharic  acid  redacee  pata«iuni  penDang&n&Ie  at  leut  aa  qsieklj  m 
dnchDnine ;  the  pradnct  of  the  reaction  ie  not.  however,  ciacbotenine,  bat  ■  miiraM 
aubetance  probaMj  identical  with  Uorchand'a  cinchanaline. 

Cinchonidne  is  mors  Golable  in  water  than  quioiciiie.     Its  oqaeoui  aolntioB  n 
with  Boda  and  with  ammonin  in  the  sum*  mannar  as  quiaicine. 

With  phenul  clDchonicine  behaven  like  cinchouine  and  qainidbe,  formins  u 
enmponnd  eoBilf  soluble  in  water  and  imperrectlj  precipitated  from   tho  KdatHe  ij 
phenol-water. 

Cinchooicine  salts.    The  neulral  oxatate  crrstallises  frotn  chiororonn  or  I 
water  in  amall  delicate  white  prisma,  often  interlaced  and  bearing  ■  BtrDOg  m 
blaiice  to  fnagUB  threads   (iayi:elia).     It  disBolTcs   very  easily  in    HlL*ahol,    bolli* 
cblurofonn,  and  bailing  water.  Bporiogly  in  cold  chlorcforia.  and  in  80  pta.  of  watw 
nt  60°.     The  tot  aquoOQs  solution  remains  supersaturated  Ibr  ■  long  tima  after  OnU, 
ing.     It  tlisBolreE  readily  nlso  in  a  luixtare  of  alcohol  and  cblorofonn.     Il  pTflf 
off  part  of  ita  tratrr  of  cryatallisiatioQ  at  ordinary  temporatnieB  in  the  esaif    ~ 
and   the    rsBt   at    100°.  the   total   qnantity    giTsn    off  agreeing    with    the   fn 
2C"H"N=0.C"H'0*  +  4H10.    According  to  Howard  it  coalAuu  7K'0,  bnt  H«m 
found  4  mols.  wslflr  also  in  H  speoimen  of  the  ealt  prepared  by  Howard. 

The  hydriodide.  C"H"N'O.HI,  obuined  by  precipitating  a  eolulion  of  tba  01      ..^^ 
with  polaaaium  iodide,  separatas  as  a  white  anhydrous  crystalline  powder,  alterwud 
turning  yalluw,  and  consisting  of  short  thick  pnanu.  moderately  aolnble  in  cold.Md; 
in  hot  water,  very  eaaily  in  boiling  alcohol,  and  separating  therefram  on  cocding  I 
fine  prisma  :  ve^r  sparingly  eolnble  in  solntton  of  potassium  iodide. 

The  p/oIinwA/oru/c,  30<°H''NK).HC1.2PtCl^  +  4H'0,  separatea  on  nddiiig  pUl 
chloride  to  a  cold  slightly  acid  solution  of  cinchoaicine  bydrochloride,  sa  a  wfait« 
cipituto  which  gradually  changee  to  a  bght  yellow  crystalline  powder.     lo  m 
solution  pi  alinic  chloride  first  produces  a  mi  Ik j  turbidity,  followed   by  ao:   ""  ' 
tbe  platinum  sait  in  flocks.    The  aaroctdoridc  Separates  as  a  yellow  oily  , 
from  a  mixtnre  of  the  hydrochloride  with  auric  chloride.     The  mercurockloridt  la 
an  oily  precipitate,  soluble  in  hydrochloric  acid  and  in  water,  but  apparently  one 
tjilliEabfe. 

nioejonni*.— PolBiiainm  thiocjaaate.  added  to  cinctonicine  bjdrochlonde, 
docea  only  a  milky  turbidity  whicL  disappsam  on  further  addition  of  the 
thit>cyanst«. 

BehaviouT  of  tht  Soluiiotu  of  Cinchenioitw  and  Qairueine  to  PolariMd  t 
Cinchonlcineandquiuicins  turn  the  planeof  polarisation  to  theright,  bat  lesa  «i 
than  cincbonine  and  quinidiae.  Pasteur  it  of  opinion  that  the  iost-najDcd  bai 
tain  two  optiaiUy  active  atomic  gronpa,  one  of  which  is  feebly,  the  other  (traa 
deztfogyrate.  and  that  in  quinine  and  cinchonidine  the  latter  groap  is  repUcedl 
another  which  is  lievogyrate.  The  first  actiop  of  heat  is  to  alter  the  reliitirspiwt'  ^^ 
of  the  atoms  in  these  groops,  in  sach  a  manner  as  to  render  them  optically  inaol 
in  consequence  of  which  the  newty-formed  molocnZe  tnraa  tbe  plans  of  polute 
only  slightly  to  the  right  or  to  the  left.  Howard  (CAem.  !toc.  J.  [2].  »i.  1177)1 
a  review  of  delenninoljons  made  by  Heaia  and  others,  and  from  his  own  obaeml 
on  the  ethyl-derivatives  of  the  several  bases,  infers  that  the  rotatory  power*  of  ql 
cine  and  ctnchoniciae  are  very  nearly  equal  to  the  arithmetical  means  of  lbs  nU 
powers  of  quinine  and  quinidine,  and  of  cincboBine  and  cinchonidine  reapectli 
To  test  the  validity  of  this  view,  Hesse  {Lietig'i  Jjiaalen,  cUxviii.  -jfiul  baa  ma 
number  of  observations  on  the  rotalorj  power  of  tbe  several  bases,  the  ntalt 
which  are  given  in  tha  following  table.  The  temperature  of  axpcrime'iit  int  ii 
Ifio  c. ;  the  angles  of  rotation  rolate  to  the  Fraunhofer  line  I)  ; — 


Qninidino      .        .  b   =    +   32 

Cinchonicine .  a  -    +     3 

.   Cinchonine  .        a   =    -1-   2G 

Cinchonidine.        .  .        a   =    —   17 

From  tbete  reauUs  \\.  a'^pe&r«  "iaA  \^«  ai 
cinchonidnB  differ  cunBiiieraUj  hom  vW  at\(l 
auluLmevB. 
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Aeetyl^inohonioinef  C^H"(C^HH))NK),  formed,  like  the  corresponding  qaini- 
cine  compound  (p.  496),  by  heating  cinchonine  or  cinchonidine  with  acetic  anhydride, 
is  obtainable  oi^y  as  a  Tarnish,  and  does  not  form  crystalline  salts.  By  saponifica- 
tion it  yields  cinchonicine  somewhat  impure,  but  having  the  rotatory  power  of  the 
ordinary  base. 

HoMOCiifCHoifiifB  Gnoup. 

Momoeliielioiilno«  G>*H»N*0,  the  'cinchonidine '  of  Koch  (Pharmae,  P&st, x.  207 
ri877])i  is  one  of  the  constituents  of  the  bark  of  Cfinchana  rosuienta.  It  crystallises 
nrom  alcohol  in  large  prisms  and  small  plates.  Lnvo-rotatory.  A  solution  of 
2  grams  in  100  c.c.  S  97  per  cent,  alcohol  at  IS°\  gives  the  value — 

(o)d  -    —  109-34^ 
The  hydrochloride  is  C»»H«N«0.HC1.H«0,  and  theablphate  (C»»H«N«0)».H«0*.6H«0. 
This  alkaloid  has  been  mistaken  for  aricine,  owing  to  the  circumstance  that  its  sul- 
phate, under  certain  conditions,  separates  as  an  amorphous  mass,  instead  of  forming 
slender  needles. 

Homocinckonicinet  G'*H^NK),  is  derived  from  homocinchonidine,  just  as  cinchoni- 
cine and  quinicine  are  derived  from  their  respective  isomerides,  by  heating  the  sul- 
phates, &;c  Amorphous,  but  forms  a  ciystalline  oxalate,  (0**H"N=<0)'.(?HK)«.4H<0, 
remarkably  like  that  of  cinchonicine.  ^ 

DikovMcinckonieine  (Hesse*s  dihomocinchonine),  C*H*'N'0',  accompanies  the 
homocinchonine  alkaloids  in  C  rosuUnta,  Strongly  dextro-rotatory.  Amorphous ; 
yields  only  amorphous  salts  (Hesse). 

QUIKIMB  GbOUP. 

QnlBlnat  CPH'^'O*.  Physical  properties  of  QutVifTM  and  its  salts. — The  solu- 
bility of  quinine  in  water  is  1  m  2024  pts.  at  15° ;  in  absolute  alcohol,  1  in  1*133 
pts.  at  16° ;  in  chloroform,  1  in  1*926  pts.  at  16° ;  and  in  pure  ether,  1  in  22-632 
pta.  at  16°. 

The  solubility  of  quinine  tannate  in  water  at  16°  is  less  than  1  in  20,000  pts. 

The  fluorescent  properties  of  quinine  sulphate  become  26  times  more  marked  in 
presence  of  excess  of  sulphuric  acid.  Owing  to  this  increased  fluorescence,  it  is  pos 
eible  to  recognise  the  presence  of  quinine  in  a  solution  containing  nf^^  of  its  weight 
of  the  aUukloid.  This  test  surpasses  that  of  turbidity  caused  by  Nessler's  reagent, 
in  the  proportion  of  J  :  4  ;  the  latter  test,  moreover,  gives  no  indication  of  the  nature 
of  the  allodoid  (J.  Regnauld,  J,  Pharm,  Chim,  [4],  xxi.  8).  See  also  Frescott,  Pharm, 
J.  2KiJM.  [3],  viii.  407  ;  Chem.  8oc.  J,  1877.  ii.  933). 

According  to  Hesse  (Dnt^.  Chem.  Ges.  Ber.  x.  2162),  crystallised  anhydrous  quinine 
melts  at  177°,  and  dissolves  in  19*60  pts.  water  at  15°  ;  the  trihydrate  melts  at  67° 
and  dissolves  in  1670  pts.  water  at  16°. 

Jkasotisation. — According  to  J.  D.  Boeke  (Deut.  Chem,  Ges,  Ber.  vi.  488),  quinine 
distilled  with  rinc  and  zinc-sodium  yields  a  distillate  free  from  nitrogen  and  smelling 
like  cumin  oil,  and  a  residue  containing  sodium  cyanide.  ^ 

Beaetion  with  Hydrochloric  acid. — Quinine  heated  to  140°-ld0°  for  several 
hours  with  very  concentrated  hvdrochloric  acid,  is  decomposed  in  the  same  manner 
as  cinchonin^  (p.  482),  a  solution  being  formed  which,  when  evaporated,  yields  a 
beautif^y  crystalline  compound,  C>«H»C1N>0.2HG1.H<0,  the  hydrochloride  of 
ehloroquinide.  Its  solution  is  not  fluorescent,  and  is  not  coloured  green  by 
chlorine* water  and  ammonia. 

Only  one  of  the  two  oxygen-atoms  of  quinine  can  be  removed  by  this  reaction,  and 
this  renders  it  probable  that  ouinii;^  contains  only  one  hydroxyl-group.  It  is  therefore 
impossible  to  obtain  a  base  iaentical  with  quinine  by  the  action  of  alcoholic  potash  on 
monochlorocinchonine.  The  oxycinchonine  obtained  by  this  process  is,  in  fact, 
ieomeric,  not  identical  with  quinine  (W.  Zom,  J.  pr.  Chem.  [2J,  viii.  279). 

Vmlpliatae.  According  to  A.  J.  Cownley  (Pharm.  J.  Trans.  [3],  vii.  189), 
perfectly  uneffloresced  neutral  quinine  sulphate  has  the  composition 
JC"H»*N*0«)^.H«S0*  +  7JH*0,  and  gives  off  the  whole  of  its  water  at  100°,  but  re- 
covers 2  mol.  on  exposure  to'  the  air.  The  effloresced  salt  also  contains  2H^0. 
According  to  Hesse  {wo,  cit.\  the  neutral  salt  crystallises  with  8H'0,  the  acid  salt, 
C»H"N»0».H^0\  with  7H«0. 

Perlodldea.    A  solution  of  acid  quinine  sulphate  mixed  with  a  solution  of 
iodine  in  potassium  iodide,  yields  a  kermes-brown  precipitate  consisting  of  a  di- 
jodide,  C"H**N«0*.HI*,  which  crystallises  from  alcohol  in  bronze-coloured  lamiaw, 
J3  decomposed  hy  ymter,  diasolvea  in  nitric  acid  with  tianaient  x«^  t^ic^uxa^  «S!^  \a 
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bolubltf  in  potaBfiium  iodide  solution,  ether,  chlorofonii,  and  benzene.    If  ale-^.^ 
solutions  iiro  used,  another  di-iodide  is  obtained,  soluble  in  water,  bat  innlnUt  ■ 
Ijenzene  and  in  chloroform.    The  pentiodide,  C*fl"N*0'.HI»,  is  produced  wbec  • 
solution  of  the  di-iodide  Is  mixed  with  excess  of  iodine,  and  separates  in  nearij  blid 
priKHis,  contaminated  with  a  resinous  body  which  cannot  be  oompletelj  rmoTvi 
When  2  pts.  of  quinine  are  triturated  with  1  pt.  of  iodine,  the  pnxlact  treated  witk 
alcohol,  and  the  solution  left  to  evaporate,  there  is  obtained  a  brown  raino»fT*j- 
tlucl    insoluble   in   alcohol,   and  consisting,  not  of  (C**H**N'0'-yi*,   as  itsted  l^ 
Pelletier,  but  of  (C»H**N«0»)*I*,  together  with  a  compoand,  (C*H"NKF/1*,  whidi  ii 
soluble  in  alcohol,  and  is  separated  thci'efrom  by  water  as  a  yellow  amorpbwui  pia- 
pitate  (H.  R.  Bauer,  Arch.  Pharm.  [3],  v.  214;  Jahrb.f.  Chem.  1874,  860). 

Sulphatoperlodldes  (Joi^enscn,  J,  pr,  Chem,  [2],  xiv.  213).  Quit:in«  fan* 
many  t'ompounds  similar  to  horapathite,  and  they  may  be  di^nded  into  two  mtk* 
One,  to  which  herapatliito  proper  belongs,  contains  3  mols.  of  sulphuric  acid  lu  1 4 
quinine ;  the  other,  I  mol.  of  acid  to  2  of  quinine.  The  first  scries  consists  of  tal»> 
ai>ly  stable  compounds,  while  the  salts  of  the  other  series  sire  prone  to  deoomponlNB, 
with  formation  of  compounils  belonging  to  the  first  series. 

(1.)  Hcrapathite,  4C?»H=«N^^.3SH*0*.2ULI*  +  jrH«0.  is  best  prepared  bydi^*- 
ing  neutral  quinine  sulphate  in  the  calculated  quantity  of  sulphuric  acid.  varaiK 
with  alcohol  up  to  boiling,  mixing  with  the  calculated  quantity  of  hydriodic  addasi 
iodine,  the  first  in  aqueous,  the  second  in  alcoholic  solution,  and  aUowing  the  vUi 
to  cool  slowly.  It  contains  unaltered  quinine,  and  one-third  of  the  iodine  is  ynmi 
as  hydriodic  acid. 

(2.)  8C»H»'N=02.6II=S0*.411I.I»«.— There  are  several  methods  of  obtsioipf  tfcs 
compound.  One  is  to  dissolve  one  molecide  of  neutral  quinine  sulphate  with  tv» 
molecules  of  sulphuric  acid  in  alcohol,  and  to  add  to  the  solution  heated  to  bibf 
one  atom  of  iodine  dissolved  in  alcoliul.  The  crystals  of  this  salt  have  a  mcCiDk 
lustre,  and  are  of  an  olive-grey  colour,  between  the  grass-green  of  hcrapothitt  ni 
the  bronze-yellow  of  the  next  compound.  They  are  more  soluble  in  worm  thnii 
cold  alcohol,  but  not  so  soluble  us  heriipathite. 

(3.)  4C"-»H"N202.3H-SO«.2HI.I«  +  2H«0  may  be  formed  by  addition  of  1  ptrf 
iodine  to  *6\  pts.  of  herapathite  in  alcoholic  solution.  It  crystallibes?  in  loqg  Irt 
needles  or  in  plates  of  the  same  form  i\»  herapathite.  It  is  of  a  bronze-yellov  vAm, 
and  is  less  soluble  than  herapathite  in  hot  alcohol.  On  recrystallisation  it  is4keaB- 
posed  into  iodine  and  the  previous  compound. 

(4.)  80»H2<NW.6H2SO«.4lll.l««  +  4n»0.— Formed  in  the  attempt  toprodocttW 
7tli  compound  (see  below)  fnuii  the  calculated  quantities  of  quinine  ■olphUi^ 
hydriodic  acid,  and  iodine.  Bronze-yellow  brownish  needles  with  fine  metallic  filbfc 
It  is  isomorphous  with  the  previous  compound. 

(6.)  2C«'H"N20=.H«S0^2^I.I^--Obtained  by  mixing  an  almost  cold  mlatkirf 
1  mol.  of  neutral  quinine  sulphate  in  alcohol,  with  two  atoms  of  iodine  dissrjrtd  ■ 
hot  alcohol,  and  allowing  the  mixture  to  stand  for  two  hours.  It  coosifu  rf 
long,  red,  brilliant    needles,  which   in    air   become   changed   into   a   bUck  gb^ 

mass. 

(6.)  2CP'Hf«NW.H=SO*.2HI.I«.— The  calculated  quantities  of  neutral  qninisf  ■!- 
phate,  hydriixlic  acid  and  iodine  are  dissolved  in  hot  alcohol,  and  the  solution  if  mini 
with  so  much  hydriodic  acid  that  nothing  crystallises  out  on  coolinj?.  On  csotiav 
addition  of  water,  olive-groen  lamiuie  separate.  This  compound  is  more  8olnM#ii 
hot  than  in  cold  alcohol,  but  cannot  bo  crystallised  from  this  solvent.  Henjathitsn 
deposited  un  coolint^. 

(7.)  2C=»H-'N=0«.E=SO'.2HI.P  may  bo  obtained  in  several  ways— for  instun. 
by  mixing  a  hot  alcoholic  solution  of  horapathite  with  a  large  quantity  of  soistioitf 
i'xline,  diluting  somewhat  with  water,  and  allowing  the  mixture  to  stand.  This  CK* 
pound  forms  brilliant  black  noe^Ues  and  laminse  with  a  greenish  reflection.  If  wuW 
with  too  Htrrmg  a  solution  of  alcohol,  the  crystals  resemble  potussinm  fxinnsnpiisU 
ill  appearance.  They  cannot  b«f  rccrystallisctl.  for  although  they  dissolve  stovly  ii 
alcohol,  another  compound,  not  yet  accunitely  examineil,  separates  on  cooling. 

J II  .'ulilition  to  the  two  classes  of  salts  alxmf  descrilKxI — 

4C^n-»N-0=3H^S()«.21II.I- 
2C»H«N«0'.U=SO*.2HI.I", 

a  third  soenis  to  oxist.  of  the  composition  3C'*II=*N-0*.2IPS0*.2HI.I-.  The  site 
of  this  Ri-ricH  have  not  ytf  ])ceii  exaniincd  with  sufficient  a«vunioy  to  se'lle  liirtf 
forniiibu  with  ci-rtainfy.  !.»|  the  rosiilts  hitlu  rto  nbtainecl  arc  iiH  follows  :  — 

(a.)  3('-'•J^-^V-•0'-'.l»IJ^<OM:lII.P(?). -This  comjMiund  cousisU  of  groups  of  ita 
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les  which  are  blue  bj  transmitted  light  when  in  thin  layers. '   It  is  obtained 
dnring  the  recrystallisation  of  the  next  substance. 

(a.)  3Cr»H=*N»02.2H«SO*.2HI.I»  n^O  (?).— Consists  of  oliye-grey  lamime,  which 
— pmate  from  a  hot  alcoholic  solution  of  acid  sulphate  of  quinine  on  addition  of  vary- 
ia^  quantities  of  solution  of  iodine. 

(7).  3C»H«N*05«.2H2SO*.2HI.P  (?).— Obtained  only  once  in  a  pure  state  from  one 
molecule  of  neutral  sulphate  of  quinine,  2  mols.  of  normal  sulphuric  acid,  and  200  c.c. 
of  an  old  solution  of  iodine  containing  16  8  grams  of  free  iodine.  All  attempts  to 
JMproduce  this  body  with  a  freshly  prepared  solution  of  iodine  ^liled.  It  consists  of 
«iiT»>^reen  needles  with  metallic  lustre,  which  polarise  light  in  exactly  the  opposite 
direction  to  herapathite. 

SuLPHATo-PEBioDiDEs  OF  Mbtuyl-quinine.--(1).  2C*'H«*N«0*(CH»)I.H'S0M^ 
This  compound  is  obtained  by  slowly  cooling  a  mixture  of  the  theoretical  quantities  of 
aMthyl-quinine  iodide  and  sulphuric  acid,  with  about  four-fifths  of  the  calculated 
^[■antity  of  iodine  in  alcoholic  solution  at  a  temperature  of  about  60°.  It  consists  of 
svddish-brown  needles,  often  seyeral  centimeters  long,  which  are  easily  soluble  in 
Iwt  alcohol. 

^  (2.)  2C-'»H2«NW(CH")I.H«SOM«.— Most  easily  prepared  by  slowly  cooling  a 
■dzture  of  methyl-quinine  iodide,  sulphuric  acid,  and  iodine  (in  the  calculated  quan- 
tities) from  a  hot  alcoholic  solution.  It  consists  of  very  fine  brilliant  brown  laminae, 
■oliible  with  difficulty  even  in  hot  alcohol. 

(3.)  4C»H"N«O^CH«)I.2H«SOM'*.— Prepared  by  warming  an  alcoholic  solution 
of  No.  1  to  60°,  and  adding  an  alcoholic  solution  of  four  atoms  of  iodine  of  the  same 
tamperatore.  It  consists  of  brilliant,  almost  black  laminae,  which  must  be  filtered  off 
Atom  the  still  warm  solution  and  washed  with  alcohol  at  about  60°.  The  temperature 
aust  be  kept  down,  or  else  the  product  consists  chiefly  of  No.  2.  It  dissolveB  with 
diAcolty  in  hot  alcohol. 

(4.)  4C»H«NK)«(CH»)I.2H='S0M".— Obtained  by  mixing  a  hot  aloohoHc  solution 
of  No.  1  with  a  large  excess  of  a  cold  solution  of  iodine.  It  consists  of  long,  thin, 
almost  black  needles,  with  a  greenish  metallic  lustre.  The  crystals  dissolye  with 
difleolty  in  hot  alcohol. 

Compounds  containing  4  mols.  of  methyl-quinine  to  3  of  sulphuric  acid  have  not 
bean  obtained. 

SuLPHATOPBRioDiDB  OF  QunriKB-MXTHYi^uixnni. — An  attempt  was  made  to  prepare 
bsrapathite  with  methyl-quinine  hydriodide  in  place  of  hydriodic  acid,  by  mixing  the 
caleolatod  quantities  of  methyl-quinine  iodide,  quinine  sulphate,  and  iodise,  in  hot 
alcoholic  solution.  The  result  was  a  compound  of  herapathite  with  No.  1  sulphato- 
periodide  of  methyl-quinine,  and  water.  This  body  crystaUises  in  dark  chocolate- 
Diown  masses,  which  appear  under  the  microscope  as  carmine-red  intertwined  hairs. 
The  water  is  given  off  at  100°.  The  compound  dissolves  with  some  difficulty  in  hot 
alcohol. 

Tliioeyanates.  Quinine  treated  with  thiocyanic  acid,  forms  a  neutral  and  an 
add  salt,  the  former  being  white,  the  latter  yellow  (y.  28).  The  neutral  saU^ 
CH'^'O'.flONS  +  H*0,  is  also  formed  when  a  warm  moderately  strong  aqueous 
acdntion  of  quinine  hydrochloride  is  mixed  with  potassium  thiocyanate,  and  separates 
00  cooling  in  slender  white  needles.  It  dissolves  easily  in  a  mixture  of  2  vol.  chloro- 
Ibrm  and  1  vol.  absolute  alcohol,  and  exhibits  in  this  eolation  a  specific  rotatory  power 
(a)»= —129*31.  It  is  completely  precipitated  from  its  aqueous  solution  by  small 
quantities  of  potassium  thiocyanate.  When  a  very  large  quantity  of  potassium  thio- 
cyanate is  added  to  an  aqueous  solution  of  a  neutral  quinine  salt,  the  quinine  thio- 
cyanate separates  at  first  as  an  oil  which  afterwards  solidifies  ;  but  on  dissolving  the 
mass  in  hot  water,  the  salt  separates  on  cooUng  in  white  needle-shaped  crystals.  The 
aqueous  solution  of  the  thiocyanate  mixed  wit£  aqueous  phenol^  becomes  turbid,  and 
Kredually  deposits  dull  white  prisms  of  a  compound  of  phenol  and  quinine  thiocyanate 
(Hesse,  Liebt^*8  Anfialenf  dxxxi.  48). 

On  the  microscopical  appearance  of  this  salt  during  its  formation,  see  p.  476. 

The  acid  salt,  C»H"N«0«.2HCNS-hJHH).  separates,  on  adding  dilute  sulphuric 
acid  and  potassium  thioi^anato  to  a  solution  of  the  neutral  salt,  in  long  sulphur-yellow 
needles  which  gradually  change  to  short  compact  prisms.  At  100°  the  crystals  be- 
come opaque,  and  give  off  finom  1*2  to  1*6  per  cent,  water  of  crystallisation  (Hesse, 
loe,  cit,) 

Meoonate.  Obtained,  on  mixing  the  alcr>holic  solutions  of.  quinine  and  meconic 
aeidf  as  a  white  flocculent  precipitate  soluble  in  hot  water,  and  separating  on  cooling 
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soluble  in  potassium  iodide  solution,  otlier,  chloroform,  and  bensena.  If  alooholie 
solutions  are  used,  another  di-iodide  is  obtained,  soluble  in  water,  bat  inioluUe  ia 
benzene  and  in  chloroform.  The  pontiodide,  C^H'^NKy'.HP,  is  piodnoed  when  ■ 
solution  of  the  di-iodide  Is  mixed  with  excess  of  iodine,  and  separates  in  neariy  black 
prisms,  contaminated  with  a  resinous  body  which  cannot  be  oompletelj  wnoTsd. 
When  2  pts.  of  quinine  are  triturated  with  1  pt.  of  iodine,  the  product  treated  with 
alcohol,  and  the  solution  left  to  eyaporate,  there  is  obtained  a  brown  rennoas  pro- 
duct insoluble  in  alcohol,  and  consisting,  not  of  {C^R'*}^^G*fP,  as  stated  bf 
Pellelier,  but  of  (0»H««N*0«)a».  together  with  a  compound,  (C»H»«N»0»)*P,  wfaidi » 
soluble  in  alcohol,  and  is  sejMirated  therefrom  by  water  as  a  yellow  amorphous  fttd- 
pitat4)  (H.  R.  Bauer,  Arch.  Pharm,  [3],  ▼.  214;  Jahrb.f,  Chem,  1874,  860> 

Sulpbatoperiodldes  (Jorgcnsen,  J,  pr,  Chem.  [2],  xiv.  213).  Quinine  fonu 
many  compounds  similar  to  horapathite,  and  they  may  be  divided  into  two  smt. 
One,  to  which  herapathite  proper  belongs,  contains  3  mols.  of  sulphuric  acid  to  4  of 
quinine ;  the  other,  1  moL  of  acid  to  2  of  quinine.  The  first  series  consists  of  tolff- 
ably  stable  compounds,  while  the  salts  of  the  other  series  are  prone  to  deoompositioii, 
with  formation  of  compounds  belonging  to  the  first  series. 

(1.)  Herapathite,  4C?»H"NK)2.3SH«0«.2HI.I*  + jrHK),  is  best  prei>ared  by  dissolr. 
ing  neutral  quinine  sulphate  in  the  calculated  quantity  of  snlj^uric  add,  wirmiif; 
with  alcohol  up  to  boiling,  mixing  with  the  calculated  quantity  of  hydriodic  add  aad 
iodine,  the  first  in  aqueous,  the  second  in  alcoholic  solution,  and  allowing  the  whole 
to  cool  slowly.  It  contains  umdtered  quiuine,  and  one-third  of  the  iodine  is  pwseit 
as  hydriodic  acid. 

(2.)  8C»H"NW.6H«0*.4HI.I»'».— There  are  several  methods  of  obtaininff  thif 
compound.  One  is  to  dissolve  one  molecule  of  neutral  quinine  sulphate  with  two 
molecules  of  sulphuric  acid  in  alcohol,  and  to  add  to  the  solution  heated  to  boiliif 
one  atom  of  iodine  dissolved  in  alcohol.  The  crystals  of  this  salt  have  a  meCsOie 
lustre,  and  are  of  an  olive-grey  colour,  between  the  grass-green  of  herapathite  and 
the  bronze-yellow  of  the  next  compound.  They  are  more  soluble  in  warm  thsa  is 
cold  alcohol,  but  not  so  soluble  as  herapathite. 

(3.)  4C«»H«NW.3H«SO*.2HI.I«  +  2H»0  maybe  formed  by  addiUon  of  1  ptof 
iodine  to  3j[  pts.  of  herapathite  in  alcoholic  solution.  It  crystallises  in  long  fist 
needles  or  in  plates  of  the  same  form  as  herapathite.  It  is  of  a  bronze-yellow  coknr, 
and  is  less  soluble  than  herapathite  in  hot  alcohol.  On  recrystallisation  it  is  dceoB* 
posed  into  iodine  and  the  previous  compound. 

(4.)  80«»BP«NW.6H«SO*.4HI.I»«  +  4H«0.— Formed  in  the  attempt  to  produce  tk 
7th  compound  (see  below)  from  the  calculated  quantities  of  quinine  sulphate^ 
hydriodic  acid,  and  iodine.  Bronze-yellow  brownish  needles  with  fine  metallic  Ititis, 
It  is  isomorphous  with  the  previous  compound. 

(6.)  2C»H"N'»0».H«SO*.2HI.P.— ObUined  by  mixing  an  almost  cold  solatioacf 
1  mol.  of  neutral  quinine  sulphate  in  alcohol,  with  two  atoms  of  iodine  dissolved  ■ 
hot  alcohol,  and  allowing  the  mixture  to  stand  for  two  hours.  It  consisti  <if 
long,  red,  brilliant  needles,  which  in  air  become  dianged  into  a  black  glsaj 
mass. 

(6.)  2Cr»Hf*NWH>SO*.2HI.I<.— The  calculated  quantities  of  neutral  quinine  aii- 
phate,  hydriodic  add  and  iodine  are  dissolved  in  hot  alcohol,  and  the  solution  is  mini 
with  so  much  hydriodic  acid  that  nothing  crystallises  out  on  cooling.  On  esntioei 
addition  of  water,  olive-green  laminsB  separate.  This  compound  is  more  soloUe  ■ 
hot  than  in  cold  alcohol,  but  cannot  be  crystallised  from  this  solvent.  Herapathite  ii 
deposited  on  cooling. 

(7.)  2C»H"N=0«.H^O«.2HI.P  may  be  obtained  in  several  ways— for  instasM^ 
by  mixing  a  hot  alcoholic  solution  of  herapathite  with  a  large  quantity  of  scdutioB  «f 
iodine,  diluting  somewhat  with  water,  and  aUowine  the  mixture  to  stand.  Thb  eoB- 
pound  forms  brilliant  black  needles  and  lamins  with  a  greenish  refiection.  If  wieM 
with  too  strong  a  solution  of  alcohol,  the  crystals  resemble  potassium  pennaii|^Bste 
in  appearance.  They  cannot  be  reciystallised,  for  although  they  dissolve  slomij  h 
alcohol,  another  compound,  not  yet  accurately  examined,  separates  on  cooling. 

In  addition  to  the  two  classes  of  salts  above  described — 

4C2»H2«NW.3H2SO<.2HI.I" 
2C»H'MNW.H^O*.2HI.I», 

a  third  seems  to  exist,  of  the  composition  3C»H=«NK)».2H2SO*.2HI.I-.  The  ttb 
of  this  series  have  not'  yet  been  examined  with  sufficient  accumcy  to  settle  their 
formulae  with  certainty,  \)\xt  tho  reawltn  Kithorto  obtained  arc  as  follows  : — 
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Beedles  which  are  blue  by  transmitted  light  when  in  thin  layers. '   It  is  obtained 
during  the  recrystallisation  of  the  next  substance. 

(/9.)  3C?*H«N»0«.2H«0*.2HI.I».H«0  (?).— Consists  of  olive-grey  himin«,  which 
•eparate  from  a  hot  alcoholic  solution  of  acid  sulphate  of  quinine  on  addition  of  vary- 
ing  quantities  of  solution  of  iodine. 

(7).  3C"H«N*Oa.2H»SO«.2HI.P  (?).— Obtained  only  once  in  a  pure  state  from  one 
molecule  of  neutral  sulphate  of  quinine,  2  mols.  of  normal  sulphuric  acid,  and  200  c.c. 
of  an  old  solution  of  iodine  containing  16  8  grams  of  free  iodine.  All  attempts  to 
nproduce  this  body  with  a  freshly  prepared  solution  of  iodine  failed.  It  consists  of 
oliTe-^preen  needles  with  metallic  lustre,  which  polarise  light  in  exactly  the  opposite 
duection  to  herapathite. 

SiTLPHATO-PBiuoDiDBs  OF  Mbthtlquininb.— (1).  2C*»H"N*0*(CH«)I.H«S0M*. 
Tliis  compound  is  obtained  by  slowly  cooling  a  mixture  of  the  theoretical  quantities  of 
methyl-quinine  iodide  and  sulphuric  acid,  with  about  four-fifths  of  the  calculated 
quantity  of  iodine  in  alcoholic  solution  at  a  temperature  of  about  60^.  It  consists  of 
nddiah-brown  needles,  often  seTeral  centimeters  long,  which  are  easily  soluble  in 
lioi  aloohoL 

(2.)  2C»H"N*0«(CH«)I.H«0M«.— Most  easily  prepared  by  slowly  cooling  a 
mixture  of  methyl-quinine  iodide,  sulphuric  acid,  and  iodine  (in  the  calculated  quan- 
tities) from  a  hot  alcoholic  solution.  It  consists  of  veiy  fine  brilliant  brown  lamins, 
•olnble  with  difficxdty  even  in  hot  alcohol. 

(8.)  40»H"N*0«(CH«)I.2H«0*.I»*.— Prepared  by  wamung  an  alcoholic  solution 
of  No.  1  to  60^,  and  adding  an  alcoholic  solution  of  four  atoms  of  iodine  of  the  same 
tMopeiatnie.  It  consists  of  brilliant,  almost  black  laminae,  which  must  be  filtered  off 
flam  the  still  warm  solution  and  washed  with  alcohol  at  about  60^.  The  temperature 
most  be  kept  down,  or  else  the  product  consists  chiefly  of  No.  2.  It  dissolves  with 
difBcnltj  in  hot  alcohoL 

(4.)  iO»HwN«0«(CH>)I.2H«SOM".— Obtained  by  mixing  a  hot  alcoholic  solution 
d  No.  1  with  a  large  excess  of  a  cold  solution  of  iodine.  It  consists  of  long,  thin, 
almost  black  needles,  with  a  greenish  metallic  lustre.  The  crystals  dissolye  with 
difBcnlty  in  hot  alcohol. 

Compounds  containing  4  mols.  of  methyl-quinine  to  3  of  sulphuric  acid  have  not 
obtained. 


SuiJPHATOPBRioDiDB  ov  QunnKE-METHTLQuiNiNB. — An  attempt  was  made  to  prepare 
honpathite  with  methyl-quinine  hydriodide  in  place  of  hydriodic  acid,  by  mixmg  the 
Mleiuated  quantities  of  methyl-quinine  iodide,  quinine  sxdphate,  and  iodine,  in  hot 
•leoholic  solution.  The  result  was  a  compound  of  herapathite  with  No.  1  sulphato- 
periodide  of  methyl-quinine,  and  water.  This  hadj  crystallises  in  dark  chocolate- 
brawn  masses,  which  appear  under  the  microscope  as  carmine-red  intertwined  hairs. 
The  water  is  given  off  at  100**.  The  compound  dissolves  with  some  difficulty  in  hot 
aloohoL 


Quinine  treated  with  thiocyanic  acid,  forms  a  neutral  and  an 
aod  nit,  the  former  being  white,  the  latter  yellow  (t.  28).  The  neutral  salt, 
C*^H**N*0*.HONS  +  H'O,  is  also  formed  when  a  warm  moderately  strong  aqueous 
■olntion  of  quinine  hydrochloride  is  mixed  with  potassium  thiocyanate,  and  separates 
OD  cooling  in  slender  white  needles.  It  dissolves  easily  in  a  mixture  of  2  toL  chloro- 
Ibonn  and  1  vol.  absolute  alcohol,  and  exhibits  in  this  solution  a  specific  rotatory  power 
(•)»»  — 129'31.  It  is  completely  precipitated  from  its  aqueous  solution  by  small 
qnantities  of  potassium  thiocyanate.  When  a  very  large  quantity  of  potassium  thio- 
cyanate is  added  to  an  aqueous  solution  of  a  neutral  quinine  salt,  the  quinine  thio- 
cyanate separates  at  first  as  an  oil  which  afterwards  solidifies  ;  but  on  dissolving  the 
BUSS  in  hot  water,  the  salt  separates  on  cooling  in  white  needle-shaped  crystals.  The 
aqueous  solution  of  the  thiocyanate  mixed  with  aqueous  phenol^  becomes  turbid,  and 
|ndnally  deposits  dull  white  prisms  of  a  compound  of  phenol  and  quinine  thiocyanate 
^Hesse,  lAebi^''9  Anualen,  clxxxi.  48). 

On  the  microscopical  appearance  of  this  salt  during  its  formation,  see  p.  476. 

The  acid  so//,  G»H>«N'0*.2HCNS-h^  H'O,  separates,  on  adding  dilute  tmlphuric 
add  and  potassium  thiocjranate  to  a  solution  of  the  neutral  salt,  in  long  sulphur-yellow 
DfMdles  'vniich  gradually  change  to  short  compact  prisms.  At  100^  the  crystals  be- 
oome  opaque,  and  give  off  from  1*2  to  1'6  per  cent,  water  of  crystallisation  (Hesse, 
loe,  cit.) 

IKeoonate.     Obtained,  on  mixing  the  alcoholic  solutions  of  quinine  and  meconic 
Mckl,  MB  H  white  £occnlent  precipitMte  Folable  in  hot  water,  and  aapaxaXlvmg  on  co(^2m% 
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in  fine  crygtals  having  the  obmpoflition  C'H*(C»H"N«0^0'  (P.  T.  Anitai,  Pktm.J. 
Trans.  [3],  iii.  1016). 

Salicylate,  C^IP«N'0*.C'H*0*.— Separates  on  adding  a  solntion  of  qmniiM  hydio- 
chloride  in  cold  water,  to  ammonium  salicylate  as  a  curdy  precipitatfl^  iHiieh  OTMal- 
lises  from  alcohol  in  concentric  groups  of  ajihydrous  prisms  (Jobst). 

Pbenate,  G^H'«N<0*.C*H*0.  Separates  from  water  and  firom  aloohol  io  deliato 
needle-shaped  crystals  (Jobst,  N,  Sep,  Pharm.  zxiv.  193). 

Componnds  of  Vhenol  with  Weutral  ^nlnUie  BmMm  (Jobit  a.  Btmt, 
Liehi^s  Annalen,  clxzz.  248).  1.  With  the  neutral  svlphat^ 
2C?»H"NW.S0«.C«H«0  +  2H«0.  This  compound,  which  idaj  be  regarded  as  fkemU 
sulphate  of  quinine^  is  formed  by  mixing  a  hot  aqueous  solution  of  the  anlphate  vith 
an  equivalent  quantity  of  phenol,  and  separates  in  crystals  on  codUng;  aUobjdi»- 
solving  quinine  sulphate  in  a  hot  alcoholic  solution  of  phenol.  It  may  be^  pvified  hj 
one  crystallisation  from  hot  alcohol,  and  then  forms  white  shining  priai%  «alj 
soluble  in  boiling  water  and  alcohol,  soluble  at  15°  in  680  pts.  of  watier,  aod  74  pu. 
of  80  per  cent  alcohoL  Ether  and  pure  chloroform  dissolve  only  tiaoea  of  h»  bit  i 
mixture  of  2  voL  chloroform  and  1  vol.  absolute  alcohol  dissolves  it  readilj.  In  tkt 
latter  solution  at  15°,  its  specific  rotatoiy  power  is  (a^o**  — 158*83. 

Quinine  phenolsulphate  gives  with  feme  chloride  in  aqueous  or  alcoholic  iolitiaB, 
a  yeUowish  coloration ;  with  moderately  strong  nitric  acid  a  brown-red  aolutioB,  frn 
wnidi,  after  dilution  with  water,  anmionia  added  in  excess  throws  down  a  jbUow  put- 
cipitate.  At  100°  it  gives  off  nothing  but  water  of  crystallisation,  bnt  at  130' aid 
above,  small  quantities  of  phenol  are  given  off,  and  the  compound  nndeigOM  tetki 
decomposition. 

2.  With  the  hydrochloride,  2(C»H«N«0«.Ha).C^«0  +  2H«0.— Tlik  am- 
pound,  which  may  be  called  phenol-kydrochloride  of  guinine,  crystallisea  on  eoolai 
from  a  hot  aqueous  solution  of  quinine  hydrochloride  mixed  witli  phenol,  in  vUfae 
prisms,  which  may  be  completely  purified  by  once  recrystallising  them  from  boifi^ 
water.  It  dissolves  easily  in  hot  water  and  in  alcohol,  in  101  pts.  watfCr  at  15%  is  4 
pts.  alcohol  of  80  v.  per  cent ;  ether  dissolves  only  traces  of  it.  In  itc  cohitin  ii 
alcohol  of  97  vol.  per  cent,  at  15°,  its  specific  rotatoiy  power  is  ^)  ^  ■■  140*45^. 

This  salt  has  a  bitter  taste,  not  much  like  that  of  phenol.  jBoth  acids  aod  bam 
set  the  phenol  free.  It  gives  a  brownish-yellow  colour  with  ferric  chkridii 
It  gives  off  its  water  of  crystallisation  at  100°,  and  phenol  with  partial  foaoa  M 
120°. 

The  same  compound  is  formed  by  decomposing  the  phenolsulphate  of  qnuH 
with  barium  chlonde,  and  in  a  similar  manner  other  salts  may  be  formed^  cf.  tb 
phenol-hydrobromide^  which  crystallises  in  white  prisms. 

Qulnldlne  or  ConclilBlne,  C^IP^NK)^  crystallises  from  alcohol  in  priai 
with  2^H'0 ;  from  ether  in  rhombohedrons  with  2H^0 ;  from  boiling  water  m  Ihk 
plates  containing  l^H'O ;  neither  of  the  last  two  kinds  of  crystals  efflarene  is  tb 
air  (Hesse).  Quinidine  treated  with  strong  hydrochloric  add  in  the  w»THf  if 
scribed  for  cinchonine  and  quinine,  yields  a  similar  chlorinated  product,  whidi  Mp- 
ratos  from  the  contents  of  the  tube  diluted  with  half  their  buUc  of  water,  in  laqi 
shining  prisms  resembling  chloride  of  cinchonidine,  but  differing  from  that  wnp^ipiffHJ 
by  giving  a  green  colour  with  chlorine- water  and  ammonia.  Ammonia  added  to  tb 
aqueous  solution,  throws  down  the  chlorinated  base.  Its  composition  oonld  not  b 
exactly  determined,  but  it  appears  to  have  the  composition,  C^H^NHX^Jl  •!-  HCI,  tb 
base  being  formed,  as  in  the  case  of  the  corresponding  cinchonine  and  q«fan»> 
derivatives,  by  the  substitution  of  1  at.  CI  for  IHO  in  quinidine  (Zom,  J,pr»  Ckm. 
[2],  viii.  279). 

Qnlntdtne  Sulphate.    The  purity  of  this  salt  may  be  tested  by  adding  1  ft  tf 

potassium  iodide  to  1  pt.  of  the  sulphate  dissolved  in  20  pte.  of  water  at  60^,  oi 
filtering  from  the  precipitate  after  tlie  lapse  of  an  hour.  The  cloar  eolntkn  thi 
obtained  should  give  no  turbidity  with  ammonia,  as  this  would  indicate  the  pnMM 
of  quinine,  cinchonine  or  cinchonidine.  Another  mode  of  testing  is  to  add  6  platf 
Eochelle  salt  to  1  pt.  of  the  sulphate  dissolved  in  80  pts.  of  water  at  60** ;  if  a  pnd- 
pitate  bo  thereby  formed,  the  presence  of  quinine  or  cinchonidine  may  be  infenoi  K 
ammonia  be  then  added  to  the  filtrate,  a  precipitate  of  quinidine  hydriudide  will  b 
formed,  and  the  filtrate  from  this  may  be  tested  with  ammonia  for  cinchonine  as  ibift. 
The  presence  of  calcium  or  sodium  salts  may  be  detected  by  treating  the  aaltwilfti 
mixture  of  2  vol.  chloroform  and  1  voL  alcohol  of  97  per  cent.,  which  will  ditirif 


the  quinidine  salt,  and  leave  the  inoiganic  salts  undissolved  (Hosso,  Liebufs 
clxxvi.  325). 

Neutral  quimvWue  s\il\>\[ia\jft  cc3s^YC\\ife%^>i3a.TO?Ci,M\»^\^  vsvi^^^u^^-^iSSSE^-^ 
the  hydi\)cblor'K\e  w*U\v  \B:^0  ijiesse). 
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7%e  neutral  tait,  C^E**SH>KRCS8,  separates  on  adding 
potassiimi  thiocyanate  to  the  concentrated  solution  of  an  easily  soluble  neutral  quinidine 
salt^  as  an  oily  precipitate  quickly  converted  into  small  crystals.  From  warm  and  some- 
what dilute  solutions  on  the  other  hand,  the  salt  immediately  separates  in  the  form 
of  a  white  ciysfuUine  powder,  and  from  very  dilute  solutions  in  distinct  prisms.  It 
is  anhydrous,  dissolves  in  1477  pts.  of  water  at  20®,  rather  sparingly  also  in  boiling 
water,  from  which  it  separates  on  cooling  in  small  prisms.  fVom  boiling  alcohol,  in 
which  it  is  veiy  slightly  soluble,  it  czystallises  on  cooling  in  large  white  prisms 
(Basse,  Idebi^^s  AnnaUn,  dxzxi.  51). 

On  the  microscopical  characters  of  this  salt,  see  p.  476. 

The  acid  ialt,  C^H>«NK)>.2HCNS  +  H>0,  is  formed  by  dissolving  the  neutral  salt, 
together  with  potassium  thiocyanate,  in  warm  dilute  sulphuric  acid,  and  separates  on 
cooling  in  long  sulphur-yellow  many-faced  prisms,  which  gradually  change  to  shorter 
prisms  of  the  same  colour.  These  ciystals  dissolve  parti^y  in  boiling  water,  while 
the  undissolved  portion  melts.  The  aqueous  solution  then  becomes  milky  on  cooling, 
and  exhibits  a  strong  acid  reaction,  but  no  fluorescence  (Hesse). 

Plienol-eoiiiponBde.  Quinidine  salts,  like  those  of  quinine,  unite  with  phenol, 
bat  the  resulting  compounds  are  amorphous,  oily,  and  easily  soluble  in  cold  water. 
They  are  precipitated  from  their  aqueous  solutions  by  an  excess  of  phenol-water 
(Hesse). 

Sviyiiatoperlodldes  (Joigensen,  J.  pr,  Chem.  [2],  xiv.  356). 
2CCH*«NH)*.H>S0«.2HI.I\  prenai^d  by  dissolving  auinidine  in  the  calculated 
quantity  of  strong  sulphuric  acid  and  hot  alcohol,  and  adding  the  calculated  quantity 
of  hydnodic  acid,  and  a  little  less  than  the  required  quantity  of  iodine  in  hot  alcoholic 
flolntioD,  crystallises  in  red  needles  with  a  bluish  lustre,  which  scarcely  absorb 
polarised  light,  and  are  very  brilliant.  After  being  heated  to  100^  they  decrepitate 
strongly  on  cooling,  showing  that  they  are  anhydrous. 

8C'*H'^*0*.3H^O«.2HI.I*  is  best  obtained  by  dissolving  35  grams  of  quinidine 
(containing  8-10  per  cent,  water)  in  25  c.c.  dilute  sulphuric  acid  (17  per  cent.  SO*), 
and  60  c.c.  alcohol  (92  per  cent),  and  adding  2  grams  of  iodine  dissolved  in  60  c.c.  of 
the  same  spirit.  The  iodine-solution  must  not  be  heated  above  50^,  and  the  add 
liquid  should  not  have  a  much  higher  temperature.  This  compound  forms  olive- 
brown  plates  or  flattened  prisms.  It  undergoes  a  gradual  spontaneous  change, 
the  amount  of  free  iodine  diminishing,  though  the  total  amount  of  that  element  re- 
mains unaltered.  It  easily  passes  into  the  preceding  compound.  It  dissolves  in  hot 
alcohol,  and  the  solution  on  cooling  deposits  a  reddish-brown  powder,  together  with 
shining  brown  prisms,  very  much  like  the  preceding  sulphatoperiodide,  but  having  a 
different  composition. 

BtlijlHiiUiildliiiii-oompoimds.  The  iodide,  C**H*<NK)2.C>H*I.  is  deposited  in 
colourless  silky  needles,  on  mixing  an  alcoholic  solution  of  quinidine  with  etnvl-iodide 
and  excess  of  ether.  A  solution  of  the  neutral  chloride  may  be  obtained  by  aigesting 
the  iodide  with  silver  chloride  and  water ;  it  is  not  precipitated  by  caustic  soda  or 
ammonia,  or  by  alkaline  carbonates.  It  gives  an  orange-coloured  precipitate  with 
platinic  chloride,  yellow  with  gold  chloride,  white  wiUi  potassio-mercuric  iodide. 
The  iri-iodide,  formed  on  adding  a  solution  of  potassium  penodide  to  a  hot  alcoholic 
solution  of  the  chloride,  crystallises  in  long  brown  needles. 

The  eulphato-feriodide,  2C«*H"N«0«.C^»LH*S0M*,  is  formed  on  mixing  2  mol. 
ethyl-quinidium  iodide  and  1  mol.  sulphmnc  acid  with  hot  alcohol  of  93  per  cent,  and 
admng  4  mol.  iodine  dissolved  in  hot  alcohol,  and  crystallises  on  cooling  in  dark 
brown  prisms  having  a  metallic  lustre,  and  slightly  soluble  in  hot  alcohoL  It  does 
not  colour  chloroform,  ether,  or  carbon  sulphide  (Jorgensen). 

Qulnlelne,  C»H*«NK)*  (Hesse,  Liebi^e  ^nna^,  dxxviii.  244 ;  Deut.  Chem, 
0§a,  Ber.  x.  2152).  1.  This  base,  isomeric  with  quinine  and  quinidine,  is  prepared 
by  heating  the  finely  pounded  acid  sulphate  of  Quinine  or  quinidine  to  135^,  the 
conversion  of  about  5  grams  of  the  salt  into  the  isomeric  qumicine  sulphate  being 
completed  in  a  few  minutes.  For  purification  the  aqueous  solution  of  the  melt  is 
•ither  neutralised  with  ammonia,  ana  the  neutral  quinicine  sulphate,  which  separates 
after  a  few  days,  is  recrystallised  from  alcoholic  chloroform ;  or  it  is  mixed  with  am- 
monia, shaken  up  with  ether,  and  the  base  thus  liberated  is  converted  into  neutral 
oxalate,  which  is  crystallised  from  boiling  chloroform,  and  afterwards  from  alcohol  of 
97  per  cent.  On  again  precipitating  with  ammonia,  dissolving  the  precipitate  in 
eUier,  washing  the  ethereal  solution  with  water,  and  leaving  the  ether  to  evaporate, 
the  quinicine  remaina  m  s  eligbtly  jellowish  amorphous  mast,  w\)ic^  g\M^TA\«\^  x^- 
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taini  ethir  and  vatvr,    When  dried  at  62°  under  a  pleasure  of  ISO  ■ 
anfllysis  numhers  agreeing  oxactlj  with  the  fonnula  C'°H"S'0', 

Qniaiciae  Fnells  at  about  60°,  acquiriug  at  tils  same 
tOD°-]  10°  thia  chHDge  of  colonr  t&kaa  place   more  quick]/,  liut  atill  at 
ircight:  at  130''-'U0^  it  assiimss  the  a^peamuce  af  quiuoi'Uina.  exhibit*  r*d  q 
and  is  theu  na  longer  eaail;  convertible  into  thv  CFjetalliaod  oxalmle. 

On  the  relatioua  of  qainicine  to  poltaued  light,  see  Cikcbumicihb  (p,  *St). 

Quiaitiine  tastsa  bitter ;  in  alcoholic  Boludons  it  eihibita  an  alkaline  roMll 
■LbaorLi  carbonic  anhydride  frotntheair;  ita  alcoholic  KoluCion  is  oolonnd  g 
chiorine-iFBtJjr  and  eiceaa  of  ammonia,  but  leas  deeplj  than  a  Bimilar  a 
quinine  or  cinchoniae.  It  is  dintingutahsd  fromtheae  tiro  bases  b/Tieldiog  in  ■ 
bydrochloric  acid  solution  n  whitu  amorpbgua  precipitate  <rilli  acrdittm  bTpV 
(LabiUTaqae'a  solntion) ;  chloride  of  lime  also  jielda  a  aimilar  precJiHtaU. 
solution  be  veiy  acid,  a  precipitation  tskea  place  ontj'  after  a  portion  of  tbii  tcil  Ut 
been  noatraliged  hj  the  reagent :  ammonia  then  colours  it  jellDtrish-grean.  Raactke 
alao  takes  place  in  cold  nitric  acid  eoluUan.  but  if  tbr  Bolution  be  warmed,  nd  ban 
are  given  off,  and  no  precipitation  takes  place.  The  sulphuric  acid  lolutioin  it  jtUn. 

Qu 
water.     If,  then 

ammonia  or  cauatic  aoda,  tbe  alkaloid  ia  precipitated,  nud  collects  as  an  ai!;  maa  ■■ 
the  bottom  of  the  Teasel.  With  ammonia,  hovover,  tbo  preeipitatioa  ia  nent  oa- 
pleto,  ginn  the  ammonin-ralt  formod  at  the  same  time  eiait  a  lolTcnt  aetion  <b  Iki 
separated  a)fcaloTd.  The  quiniciue  maj  in  either  caste  be  diasoWed  ont  bj  ■)«. 
Ttiia  reoctjon  mit;  bs  emplojed  V>  eeporAte  quiuidne  from  qmnindino  uid  ita  Mlla     

fTy^phtnol  quiniciue  reacts  like  quiuidine,  forming  an  oily  componad  radljML 
ble  in  cold  water,  and  imporfectly  precipitated  from  the  solution  by  phenol-vittr. 

Quinicine  Baits  for  the  moat  part  ayBtalUso  well,  but  are  apt    t 
or  reddiab. 

The  add  aUphaie  is  obtained  directly  by  the  action  of  heat  oi 
salt  of  qoiaina  or  quinidine,  and  cryatalliaea  gradually  from  0\e  aqooons  ■ 
llie  melted  uaaa,  in  radiate  groups  of  long  yellow  prisma,  very  solnble  in  ««   _ 

The  nevtrai  lulphate,  SC"a-<N'Q'.Sa'0-,  cry^tAlliKs  ftam  alwbel  of  97  p«  ^ 
in  delicate  reddish-yellaw  prisms.  shrinMug  np  on  dcpng  in  the 
mala  vhidi  jielda  a  faintly  leddiah  powder.  It  dissolvca  reiy  ei 
boiling  iiLrohol,  and  cryBtoUises  from  the  latter  on  cooling.  Pure  dilorofurm  di 
it  but  aparingly,  eroD  at  tbe  boiliug  heat,  but  alcoholic  clilorafurm  dlswlTW  it  nadilj 
Its  aquenns  aolntion  ia  not  precipitated  by  Bochelle  aalt.  The  sikit  crysblliscJ  tea 
alcohol  has  the  cumpOHition20»H"N'0*.SH^<  +  3H'0:  the  cryslAla  which  tefutU 
from  alcoholic  chloroform  contain  8H'0,  but  they  qnickly  lose  a  portion  of  their  wilB 
on  exposure  to  the  air. 

The  tutUrat  otaJati,  30»H"N'0''.0'H'0'  +  9H»0,  erystalliaeB  from  hot  dildtetm 
in  smiill  white  priania  ;  troia  a  hot  saturated  alcoholic  aolntion  in  long  faintljfil* 
lowish.  very  light  needles ;  bom  water  it  appears  to  separate  only  ia  yvllont 
prisma.  It  diasoWes  easily  in  boiling,  sparingly  in  cold  water.  e.g,  in  2S7  pd^  al  It. 
Pnrs  chloroform  diesatres  it  rery  easily  at  the  boiling  heat,  and  depo«iu  it  timm 
completely  on  cooling.  Alcoholic  chloroform  (2  vol.  chloridbrm  to  I  vol.  of  Wpt 
cent,  alcohol)  diasolvss  it  ensily  even  in  the  cold. 

From  whichever  of  these  Bolutiona  the  crystals  may  be  obtained,  thej  always  Ma- 
tain  nH'O,  as  previoualy  found  by  Howard  {iad  Suppt,  346).  Tfas  ciysbilliiatiea  of 
the  aalt  <T0m  cblorororm  with  eo  large  aqaantityof  water  arisas  from  the  cinnaHtMn 
that  in  the  anhydrous  state  rt  absorbs  water  very  rapidly.  It  eataa  togettur,  md 
gives  off  its  water  of  eryslallisHtion  at  96°,  and  melts  at  abont  149°  U>  a  jilko- 
brown  liquid  which  soon  becomes  dark  brown. 

The  hydnadidc.  obtained  by  decompoeiog  the  aqueous  solntion  of  the  oxalate  with 
potSKsium  iodide,  separates  in  cryatals  which  may  be  purified  by  cryataUiaaticB  bm 
water.  It  then  forms  delicate  yotlowish  needloa  having  the  Mttpeabas 
tr»H"N'0'.HI  +  HK).  easily  solable  b  waWr,  alcohol,  and  chlorofonn.  aid  aultiit 
below  100°  to  a  y«IIo«-brown  mass. 

The  platinochloridt,  C"H"N'0'.2HCl.PtCt<  +  2H'0,  sopamtaa  on  mixiiig  a  digWi 
warmed  aud  strongly  acid  solution  of  the  hydi<>diloride  with  platinie  cbloria(,a 
nodular  groups  of  small,  dark,  oraugo-yellow  needles.    Howard  delcribas  this 
iinhyilrous  (2nd  8itppl.  34S} ;  according  to  Hesse,  tbe  water  of  cryst&lliaatioli 

The  otmicWoruk  w  a  jeUow  Boconleut  preeii 
and  partly  dissolves.  tUo  TiicrcaTocliloriAe  \s  c 
jellowish-white  flocculout  ptuo^i^iAe,  wVXt'n 


latime  cblond«,a  i 
icribas  this  nhj^J 
!t&lliaat)oi]  o^^H 

iest«d  [MKlya^^l 
6.»xncqia6iunb4^H 
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•lig^htlj  soluble  in  cold,  readily  in  hot  water,  and  crystallises  from  the  latter  solution 
<m  cooling  in  small  pale  yellow  needles  often  united  in  warty  groups. 

The  thiocyanate,  C^H^*N'OMiCNS,  is  obtained  by  mizins  a  warm  aqueous  solution 
of  qninicine  oxalate  with  potassium  thiocyanate,  and  crystallises  in  long,  nearly  white 
prisms,  containing  \  mol.  H'O.  It  dissolves  easily  in  chloroform  and  alcohol,  with 
moderate  facility  in  water,  but  is  insoluble  in  potassium  thiocyanate,BO  thatquinicine 
»  completely  precipitated  from  its  aqueous  solution  by  excess  of  the  thiocyanate :  in 
ih*t  case,  however,  the  salt  first  separates  as  an  oil,  whidi  afterwards  solidifies  (Hesse). 

Aeetjl-qiilBleliie«  C»H<*(0*H*0)NK)*.  is  prepared  by  heating  1  part  of  quinine 
or  qiiimdine  with  two  parts  of  acetic  anhydride  to  gentle  boiling  for  three  hours,  eya- 
panting  over  the  water-bath,  dissolving  the  residue  in  warm  water,  and  fractionally 
precipitating  with  potash.  The  second  fraction  thus  obtained  dissolves  readily  in 
ether,  and  on  evaporating  the  ether,  the  acetylated  base  remains  as  a  clear  uncrystal- 
luabls  varnish  which  yields  uncrystallisable  salts.  It  appears  to  be  somewhat  deficient 
in  power  of  combining  with  acids,  not  taking  up  a  sufficient  quantity  of  an  acid  to 
form  a  normal  salt :  thus  a  platinochlorido  obtained  by  adding  platinic  chloride  to  a 
eolation  of  the  base  in  a  slight  excess  of  hydrochloric  acid,  gave  in  two  samples,  21 '16 
and  18-28  per  cent,  platinum,  whereas  the  normal  salt,  C»H«(C«H"0)N«02.2HCl.Pta«, 
lequiwa  26-38,  and  the  acid  salt,  2(C»H»\C»H«0)N«0^H01)J>ta*,  17*44  per  cent. 

By  saponifying  this  acetylated  base  with  alcoholic  soda,  a  base  is  obtained  agree- 
ing in  composition  and  optical  rotatory  power  with  ordinary  <}uinicine,  though  some- 
what altered  by  the  high  temperature  employed  in  the  acetyLation  process. 

ApodlqnlBleliie,  C«H««N'0>»  2C>*H*'NK)<— IPO  (Hesse's  diamcMnine*).  This 
base  constitutes  the  greater  part  of  the  amorphous  base  forming  the  quinoidine  of 
commerce  Tv.  26) ;  it  is  wholly  amorphous,  and  forms  only  amorphous  salts.  It  is 
fluorescent  in  sulphuric  acid  solution,  and,  like  quinine  and  quinidine,  it  gives  a  green 
coloration  with  chlorine  and  excess  of  ammonia.    Dextrorotatory. 

QUINAMINK    QbOUP. 

^Inamlae,  CP*H<^'0'  (formerly  regarded  by  Hesse  as  Ci*H<*N*0^,  occurs  in 
the  bark  of  C.  ntcciruhra,  from  Darjeeling,  and  other  localities  in  British  India  and 
Java ;  in  the  '  Cinchona  rouge  de  Muiis,*  of  Delondre ;  in  C.  nitida^  C.  erythranihra, 
C  mthrodemuit  C.  rosulenta^  C,  calisaya,  var.  Schuhkrafll,  and  C.  Calisaya.  De 
Yrn  found  it  only  in  the  cinchona  bark  from  British  Sikhim,  not  in  other  red  Indian 
banu  (Pharm,  J.  Trans.  [3],  iv.  609).  It  is  difficult  to  separate  from  the  amorphous 
alkaloids,  but  the  separation  may  be  effected  by  means  of  potassium  thiocyanate  added 
to  the  solution  of  the  mixed  bases  in  acetic  acid  imtil  the  liquid  is  almost  decolorised, 
when  most  of  the  amorphous  bases  are  precipitated,  with  but  little  quinamiue ;  on 
treating  the  residue  left  by  the  evapomtion  of  the  ethereal  extract  with  ammonia  and 
ether,  and  dissolving  in  alcohol,  a  liquid  iH  obtained,  from  which  quinamine  crystallises 
on  standing.    It  melts  at  172°  (Hesse). 

Quirndamine  (Hesse's  conquinamine)  accompanies  quinamine  in  C.  gucciruhra  and 
rosulenta  barks;  crystallises  in  long  shining  prisms,  melting  at  123°.  Dextro-ro- 
tatoiy.  A  solution  of  1*8  grams  in  100  c.c.  of  97  per  cent,  alcohol  gives  at  15°  the 
value  [A]n'="  +  200.  Precipitated  by  platinic  chloride  only  in  concentrated  solutions ; 
the  gold  salt  soon  decomposes ;  the  hydriodide  crystallises  in  fine  prisms. 

Quinamidine  and  Quinamicine  are  two  amorphous  bases  isomeric  with  quinamine, 
fbirmed  by  heating  quinamine  with  dilute  sxdphuric  acid.  The  hydrochlorides  are 
ezystalline. 

By  continuing  the  action  of  sulphuric  acid  at  120°-130^,  a  brownish,  non-ctjstal- 
line  base  is  formed,  precipitable  by  sodium  carbonate  and  insoluble  in  ether.  To  this 
base,  called  Pro/o-quinamicine,  Hesse  assigns  the  formula  C^^H'  NH)'. 

Apoquinaminet  G'**H^'0,  isomeric  with  homo-cinchonine,  is  prepared  by  boiling 
qainamine  or  quinamidine  for  a  short  time  with  hydrochloric  acid.  It  is  white, 
amorphous,  easily  soluble  in  ether,  alcohol,  and  dilute  hydrochloric  acid,  precipitated 
from  the  last  solution  by  strong  hydrochloric  or  by  nitric  acid.  The  hydrochloride, 
anrochloride  and  platini chloride  are  amorphous. 

Alkaloids  nut  includkd  in  thb  prrcedinq  oboups. 

OvMontne  and  AHeliie,  C»H^<NH)«  (Hesse,  Liebi^a  Annaleu,  dxxxv.  296). 
These  bases  are  obtained  from  a  Cusco  cinchona-bark,  apparently  identical  with  that 
examined  by  liverkohn  (Bep,  Pharm.  zxxiii.  357),  who  found  it  to  contain  aricine. 

•  The  name '  apodiquinldne*  Is  snggested  by  Wzight  (Chem.  Soe.  J.  xxzir.  486),  on  the  ground 
fhst  the  bue  in  question  reMmblei  qninicine  more  nearly  than  qninidine.    The  pr^  *  apo '  is  nsed 
cmMra£[f  to  denote  the  /onxuit/on  at  compoun^Is  by  ellmlnaUon  ot  vrutei  ^\it  8uyp\.  ^^  \  ^nd^ 
J^jtpif  822), 
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IliiH  bark  givei  off  brown  Tapoun  vbea  lieuted,  Rnd  yield*  at  laA  a  bnva  b 
therabv  dlfferius  from  bsrks  (xmtaimiig  quinine  or  isDineric  alksloul^  all  cf  >|| 
give  off  red  rapoura  vhm  healed.  Besides  aricine  Hud  cuecooiiiB  it  eoauiaa  *  fa 
qnantitf  of  an  amcrphoue  alkaloid,  which  Hcase  betieves  to  be  derived  tmln  tia  etl 
Iwo.  These  beiei  do  not  exist  in  the  bark  in  tlie  free  atata,  aiaee  thejr  canixit 
extracted  bj  chloroforni,  Thpy  vera  isolated  in  the  following  iDBnner : — An  ikobol 
extract  of  the  (^otamioiited  burk  wna  eupersnturalsd  witb  gods  and  shalun  willi  elbtoi^ 
and  the  ethsrea!  liquid  wse  agitated  with  acetic  acid,  vhidi  took  up  the  gnaUr  m 
of  the  alkaloids.  The  acetic  solutioD  was  partially  Deutmlised  with  umnoBia,  wfi 
threw  down  aricine  acetate,  and  the  filtrate  from  tbis  snbilance  waa  tfaen  niniii  «| 
a  strong  sotntion  of  amniomam  sulphate,  whcreapoa  the  ciucomne  was  prxapitatad) 
Hoiphate.  The  molber-liqnor  contained  the  amorphone  alkaloid,  whieb  llM  tM  bd 
nirthor  examined.  The  peKontage  of  alkaloids  ccatnined  in  the  bark  was  abonl  M 
of  aricine.  0'D3  of  cusconiue.  and  U'16  of  omarphoas  sabstance. 

CiracoirmE  is  thrown  down  frnm  the  snlphale  b;  anuaoDia  as  an  amoipboOB  {i^ 

eipitate,  crystailisine  from  ether  in  while  laminse,  and  from  alco"--'  " 

larger  crystals.  It  dissolves  in  3l>  times  its  weight  of  ether,  more 
and  acetone,  and  vary  freely  in  chloroform,  but  is  nearly  insoluble  h 
□itric  and  sulphuric  acids  dissolt-e  it  with  greetiish  coloration.  A  littla  c 
added  to  a  warm  solutioa  of  amtnoHiuia  molybdalt  in  strong  enlphnric  acid  eoloin  it 
a  dark  blue,  changing  to  olive-green  when  heated,  and  again  turning  bloe  aa  the  liqtf 
cools.  Thia  reaction  is  characteristic  of  cusconiue  and  aricine.  Cnscooina  ictalM  i 
ray  ofpolaiiaed  light  to  theleft;  in  the  etheroalBOlntion(ii}o=  —  27°.  Tbe  fmd 
of  the  ctyMalliBed  anbetaace  is  C'IP'N'O'  -i-  SHK),  the  water  being  given  off  M  W 
The  anbydioas  alkaloYd  melts  at  110°.  It  is  a  weak  base,  forming  lalu  whtehbani 
more  or  leas  acid  reaction.    Tbe  following  bave  been  prepared  : — 

Neutral  lulphate,  2CPH"N'0'.S0'H*.     Crystallises  fium  alcohol  in  lamiDK.    T 
acid  tn^hate  U  gelatinous  and  uncryalstlisable, 

HydrochlaTide. — Nut  crystiillisable.     Farms  with  mercuric  chloride  a  wliiU  psli 
rnlent  precipitate. 

Pialinochrsride,  2(C''H»N'0'.HCl)  +  PtCl'  +  SH'O.— Amorphous,  floMtUetit  ^ 
yellow  predpitate. 

Amvckloridt. — Dirty-jellow  amorphoug  floccnient  precipitate,  decompoting  wt 
warmed. 

/fydfobnmide. — ColourleBs  ;  amorphous ;  soluble  in  water,  from  which  it  it  n 
cipitnted  by  potassium  bromide. 

ffyJrioiJH^.— Pnle-yellDw  amorphoue  precipitate,   freely  soluble   in   waut,  1 
spDiHagly  soluble  in  eolnlioa  of  potassium  iodide, 

nioq/aiati,  C»H"N'0'.CNSH  +  BH'O,— Pale  yellow  amorphous  powder. 

Tbe  nilrale.  aeetalt,  cilralt.  lartralt,  oxalate,   IhioiulphaU,   and  taUeytiitt  an  ll 
gelatinous  and  non-oystallisable. 

AniciNB  is  obtained  iu  the  free  state  by  decomiiosing  the  acetate  witii  •oda.   L 
orystallises  in  white  pHlms,  which  dissolve  very  easily  in  chloroform,  aod  Ian  tn^ 
in  ether  and  alcohol,  but  not  in  wat«r.     It  melts  at  IB8°.  and  deMmposea  at  Ii'~^~ 
temperatures.    With  strong  nitric  and  aulphuric  acids  it  behaves  in  the  bbi 
us  cnscoaine.    Its  taste  is  slightly  oetringont,  not  bitt«r.    In  alcoholic  o 
solution  it  rotates  a  ray  of  polarised  tight  to  the  left,    Analyaes  of  ai  ~ 
formula  CH^N'O',  irhich  is  the  same  as  that  of  anhydrous  duconii 
salts  bnve  a  more  or  less  acid  reaction,  and  are  paitiallj  deoom. 
Their  solutionstum  yellow  after  a  time,  tbe  alkaltud  becoming  eonvwt*!]  il 
amorphous  substance. 

The  hydrocMoride,  C"H"N<0<.HC1  +  HK).  separates  &om  its  aquetnw  i 
evaporation,  iu  the  form  of  a  jelly,  which  aftervatda  cryBtalliec" 

Tbe  platinonhhridt.  2(C''H'Tf'0'.ECl)PlCI' +  ftHK),  is  a 
coloured  precipitate,  sparingly  soluble  in  water. 

The  iairocUoride  is  a  dirty-yoUow  amorphous  precipitate,  eaaily  deei 
Tbe  iKUtnd  mlphaU,  BC»H"N'0'JSO'HM»  precipilatod  a- 
msis.  made  up  of  delicate  needles. 

The  aaid  lulpMalt  is  thrown  down  in  small  white  prisms  on  adding  ai 
to  s  solution  of  the  hydrochloride. 

The  neulral  oxalate  is  a  granular  white  crystalline  powder. 
The  aeid  oxalate.  (TH^N'O'.C'H'O'  +  H'O,  is  precipitated  V7  ««li< 
tolution  of  the  hydrochloride.     It  cryatallisea  in  prisms,  which  w      ' 
bohedrons.    The  Ba\t  tenwrea  toi  wAiAuni  1016  -vtita  of  'vatai 
affords  a  means  of  sa^i^Tftting  aiiane  trotn  cv 
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The  niirate,  C»H««N«0*.NO»H,  is  precipitated  by  nitric  acid  from  a  warm  solution 
of  the  hydrochloride.    It  forms  delicate  white  prisms,  easily  soluble  in  alcohol. 

The  kydrobroTnide  is  a  white  amorphous  powder.  The  hydriodide  forms  small 
white  prisms. 

The  tUocytmaU,  C"H'<N<04.CNSH,  aystallises  in  small  white  prisms. 

The  talicylate,  C»H»^»0*.(rH«0' +  2HK),  is  a  pale  yellow  pulverulent  precipitate, 
sparingly  soluble  in  water,  easily  in  alcohoL 

ThtacftaU,  C"H*N«0*.C«H*0«  +  8H*0,  is  obtained  by  precipitating  the  hydro- 
chloride either  with  sodium  acetate  or  with  acetic  acid,  a  reaction  which  distinguishes 
arieine  from  all  other  alkaloids.  It  forms  white  granular  crystals,  very  sparingly 
soluble  in  cold  water.    At  100®  the  acid  is  expelled,  leariuff  the  free  alkabid. 

The  aeid  citrate  and  the  neutral  tartrate  are  both  cryst^ine  salts. 

Arieine,  formerly  regarded  by  Hesse  as  identical  with  cinchonidine  {JUUhi^e  AmuUen, 
dxTT.  63),  was  first  obtained  in  1829  by  Pelletier  a.  Gorriol  (\,  867)  from  certain  barks 
which  are  now  very  scarce.  From  one  of  these,  Cinchona  peUeteraiia,  it  has  also  been 
prepared  by  D.  Howard  (Ckem,  8oc.  J,  1876,  309),  whose  description  of  its  properties 
agrees  in  the  main  with  that  of  Hesse  above  given.  The  specific  rotatory  power  of 
the  base  in  alcoholic  solution  he  finds  to  be  equal  to  —  63**  for  the  yellow  ray. 

Cusconidine  is  an  amorphous  alk^o'id  accompanying  cusconine. 

Paricine,  G"H*'NK),  is  an  amorphous  base,  forming  amorphous  salts,  which  occurs, 
together  with  quinamine,  in  C,  suceimbra  bark  from  Darieelhig.  On  keeping,  it 
becomes  less  readily  soluble  in  ether  (2nd  Suppl,  347). 

Paytine^  C^H'*NK>.H'0,  occurring  in  white  cinchona-bark  frrom  Payta  in  Peru, 
crystallises  in  fine  prisms ;  Isvorotatory  {loc.  cit,) 

Paytamine  is  an  amorphous  alkaloid  accompanying  paytine. 

JavaninCy  from  C.  Calieaya^  var.  Javanica^  crystallises  from  water  in  rhombic 
plates,  dissolves  very  readily  in  ether,  but  does  not  separate  from  the  solution  in  the 
crystalline  form  on  evaporation.  It  forms  an  oxalate  crystallising  in  lamine,  and 
dissolves  gradually  in  sulphuric  acid  with  deep  yellow  colour. 

Yoimg  Galisaya  bark  nom  Bolivia  contains  a  fiuid  alkaloid,  which  makes  spots  on 
paper,  has  a  pungent  odour  like  that  of  chinoline,  and  is  probably  volatile  (Hesse). 

CmAXBWa,  G«H'  "  C«H*— CH=GHs.  Etkenyl-benjtene,  VinyUbeneene, 
Phemyi^hylene,  Styrolene,  8^/rol.  This  hydrocarbon  is  formed,  together  with  other 
products,  by  heatinp^  phenyl-bromethyl,  CH* — CHBr — CH",  with  an  alcoholic  solution 
of  potassium  cyanide,  part  of  it  being  obtained  in  the  liquid,  pnrtly  in  the  solid 
moaification  (meta-cinnamene^  *, — ^also  together  with  acetic  acid,  by  fractional  distilla- 
tion of  secondary  phenyl-ethyl  acetate : 

C«H»— CH(OC»H"0)— CH»  -  C«H»— CH=CH«  +  HO.C«HW 

(BadsiswwBki,  Detit,  Ckem.  Oee.  Ber,  vii.  140). 

Cinnamene  (styrolene)  from  storax  has  hitherto  been  supposed  to  be  optically 
active,  exerting  ajsevosyrate  power  of  3®  in  a  column  100  mm.  long,  whereas  cinna- 
mene from  cinnamic  acid  is  inactive  (Ij^  Svppl.  466).  According  to  van't  Hofl^  how- 
ever (Bull,  8oc,  CMm.  [2],  xxv.  176),  cinnamene  from  storax  is  likewise  inactive,  the 
rotatory  power  observed  m  it  by  Berthelot  having  been  due  to  the  presence  of  a  small 
quantity  of  a  stronftlylsBVogyrate  substance,  styrocamphene,  C'*H'*0  or  C**H"0, 
which  van't  Hoff  has  lately  separated  from  volatile  oil  of  storax,  by  converting  the 
dnnamene  contained  therein  into  solid  meta-cinnamene.  Berthelot,  on  the  other 
hand  (Hfid,  197),  infers  from  new  experiments  that  styrolene  possesses  a  Uevogyrate 
power  of  3*1  to  3-4. 

In  the  mixture  of  hydrocarbons  which  Berthelot  obtained  by  passing  a  mixture  of 
cinnamene  and  benzene  through  a  red-hot  tube  (U^  Suppl.  466),  Barbier  has  found 
phenanthrene  as  well  as  anthracene  (Jahreeb.  1874,  360). 

Cinnamene  bromide,  C«H"Br« - C«H»— CHBr— CH«Br,  is  easUy  formed  by 
heating  2  mols.  bromine  with  1  mol.  ethyl-benzene  to  146^-160°.  It  crystallises 
from  ether  in  indistinct  prisms  or  needles,  melts  at  68^-69®,  and  decomposes  spon- 
taneously in  the  dry  state ;  in  contact  with  water  it  does  not  decompose  even  on  ex- 
posure to  sunshine.  When  heated  with  water  to  190**,  however,  it  is  resolved  into 
HBr  and  bromocinnamene,  C'H*— CBr=:CH'.  When  the  vapour  of  cinnamene  bro- 
mide is  passed  through  a  tube  filled  with  quicklime  and  heated  to  low  redness, 
aoetenyl-benzene,  C^ — C^OH  (p.  8),  is  formed,  together  with  a  compound  (m.  p. 
119®)  whose  solution  in  benzene  is  coloured  red  by  picric  acid.  The  alcoholic  solution 
of  this  compound,  on  the  other  hand,  is  neither  coloured  nor  precipitated  by  picric 
nad  (Badmatewaki,  Ber.  vL  492), 
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ennrAMBira,  MOKO&OaOBS  or.  (PerkiD.  Chtm.  Soc.  J.  18T8. 
ThMohydroMiboniHfeforniBdby  thftdrjdiatillBtion  of  adii»hoinolugon«  with 
Mid.  or  mors  resdilj  in  moot  eaam  bj  lulgecCiiig  the  hTdrobromidM  or  brdnodjda  of 
the  tame  acid*  tu  ti\i>  action  of  aU^lis  or  alkaline  f&rUmatH,  whereb;  OBt  or  Bl  a 
leinQTed  n»  well  ub  CO'.  Tlio  bydrobromide  of  the  Acid  is  itirred  up  for  eooiir  tioi 
wi1.li  eicasa  of  ii  cold  BOltltion  of  Bodium  caFbonata :  the  creunf  miiture  Ihercbj  pn- 
dncod  is  wnrmed  1*  focililflte  the  formation  of  a  layer  of  bydrocarbon 
and  lllis  layer  ii  collsded,  diatilled  with  rapoiir  of  water,  uid  dried. 

AUrt-benaeDe,  CH"  -  CH*.CH=CH.CH',  ia  prepnred  by  tht 
msntioned  from  pheoylcrotonio  aoid  or  ita  hydrobromide: 

C'n'.GIt^H.CH'.CO0H   -   C"H>.CH=CH.CiP   +   O 
C'H'.CH'.CHBr.CB'.COOH   =   CH'.CH^^H-CH*   +   HBr   »   iXf. 

The  aame  bydrocarbon  waa  obtained  in  IST3  by  Fittig,  Erugener  a.  RiigliMMv 
{BfT,  vi.  SI  4)  in  imall  quantity,  logetber  witb  phenyl-propyl  alcohol,  by  the  attiSB  of 
naBcent  hjdrogin  on  cinnyl  alcohol : 

CH'.CH— CH.CH'.OH   +   H'   »   CH'.OH^CH.CH*  +   HK>: 
and  in  18T4  by  RndzistewsU  {ihid.  vii.   143)  by  pauing  bromiae.TapouT  intonoml 
propyl-beDzeiie  heated  to  150°- 160°,  and  boiling  the  reiialtiag  phsDyl-prmtjl  bnaildi, 
CTH'(CH')Br  or  CH'.CaBr.CH'.CH',  whereby  it  wu  raaolred  into  HBr  sod  allj]- 
benieog. 

Allyl-baniene  is  a  colooileee.  mobile.  Blrongly  refractive  liquid,  haiiog  a  bigstt 
odcmrlilce  that  of  cinnamene,  and  balling  at  165°  (Pittig);  164°-I66°  (BadiumvO)): 
174''-176°(PBrliin).  It  has  a  density  of  OS  1 80  at  I  fi°,  does  not  Bglidify  at  J  6*.  erf 
may  be  heated  lo  100°"SOO''  foe  several  boars  without  rtiible  change.  It  cotoan 
strong  eulphuric  acid  yellow,  bot  is  nut  appreciably  diuolred  by  that  add.  W^ 
billed  with  strong  nitric  add.  it  becomra  yellow  and  heaviar  than  water,  and  giin  cf 
nd  ftmeB  (Ferkin). 

Allyl-btncetie  dibromidt,  CH"Br' =  CH'.CHBr.CHBr.CH'.  is  ronwl  ^ 
direct  combination.  Railiiazewski  dropa  the  calcolated  qnautity  of  bromine  iMa  a 
BolntiOD  of  atlyl-boiiune  in  chtorofonu.  Eiighuimer  ruldf  bromine  to  Ttfl.«MU 
allyl-bemene  till  the  colour  no  longer  disappears:  the  prodnct  tbea  aolidiSta  iSm 
a  whila  ia  tht  crystBlline  form,  PerkiD  treaU  ollyl-bi^Dzena  vith  bnmiu-«tbr  it 
Biceaa,  washes  the  product  with  a  little  alkali  and  cools  it  iritit  s  frpeniig 
wfasreupoD  it  BolldifloB  to  a  ccyatalline  niasD,  wbich  does  u'lt  liquefy  on  retnmisg  ■ 
the  ordinaiy  atmoHpheric  tamperaturo.  It  may  bo  purified  by  presanre  batweon 
and  cryBlalltsalion  from  alcohol.  Tbla  dibramide  is  also  produced  by  heating  I 
propyl -beaieoe  with  2  mola,  bromine  lo  160°.  Froducts  of  higher  boiling 
however  formed  at  the  same  time,  one  of  which,  boiling  at  290°.  has  the 
O*H>(0'H*Br). 

AUyl-benzene  dibromido  cryBlallises  !rum  alcohol  in  eolourUae  sbining 
lamina,  melting  at  SG-fi"  (Rugbeimer)  :  in  long  vhite  silky  needlea  melting 
(Radxisievaki) ;  at  67°  (Parkin):  sublimes  wilhoat  decompoBition  when 
healed;  dissolves  very  slightly  in  cold  water,  very  freely  in  hot  aJcohol  (Bi„ 
Treated  with  hot  aleoholic  potash,  it  yields  potasgiam  bromide  and  ■  brominatfd 
(Perlcin). 

SuMnrl-bsnaeiie,  C"H"-C'H'.Cn=iCH.CB'CH'.  ia  fanned  from  phiajt- 
angeiic  add  in  the  aamo  way  u  altyl-beUEeno  from  phenyl^crotouic  acid.  It  it  i 
aiiooileBB  oil  boiling  at  180^-187°.  and  harine  an  odour  somewhat  Ilka  that  of  dm 
mane.  The  di bromide.  C"H"Br',  is  formed  by  the  action  of  bromia*-wat«r  m  ll 
hydrocarbon.  The  crude  oily  product  solidifies  when  cooled,  and  may  be  ponU  t 
preBsnre  and  recryatalliiiatiou  from  alcohol.  It  crystallises  in  needlea  melting  at  flr 
and  is  decompoaod  by  alcoholic  potash,  with  formolion  of  s  brominated  oil  (PerUB). 

Another  mod iflcBtion  of  butanyl-benwne,  C'H'.CH'.CH'.CH— GH',  prodoM4» 
gellior  with  diallyl  and  diphenyl,  by  the  action  of  Bodiam  on  a  miitnre  of  '  — 
chloride  and  allyl  iodide,  has  alreadybeen  described  as  pbenyt-bntylen«(2BJ 
HCi).  It  is  8  cotouriees  aromatic  oil,  diitilling  between  176°  and  178°.  aad  hali^' 
■pGCific  gravity  of  0'9IS  at  Itfh"  (Aronheim), 

ZaoprovrUwtnTl-beiiiene  or  laopropTl-olnnamane,  CH'(CH')CH=CB 
IB  pre[«u«d  aithor  by  distilling  cnmeajl-acrjlic  acid  at  3O0''-210°.  or  by  tlie  aoini 
sodium  carbonnte  on  by  drobromocumeuy  I -acrylic  acid  : 

C'H'(0'H').CH^^H.CO'H   =   C'H'{C"H')CH=CH'   +    (X)', 
C'HVC'H'jCH^CHBr.CO'H   =   Ce'{C'a')CH=CU'   +   HBr  +   CO*. 
It  ia  a  colonrlesB  oil,  which  BmA\B^A.e  cnnue  ald.eb'jdt,  haa  a  danaity  of  O'SDOS  41  If 
anii  boils  at  203''-2(H'',  aoon»\lBt»,\A*iSiR'n-"3Al^'™'n«^™%'W''!'>>*(>*«*k.^>*B\< 
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distillation  and  left  behind.  This  change  takes  place  in  daylight  at  ordinaiy  tem- 
peratures in  the  course  of  a  month  or  two,  more  quickly  indeed  than  that  of  cinnamene 
into  metacinnamene,  to  which  it  is  doubtless  analogous.  Isopropyl-dnnamene  is  scarcely 
acted  upon  by  a  solution  of  chromic  acid,  unless  aided  by  heat.  Iodine  dissolves  in  it 
fireely,  and  the  solution  when  heated  quickly  solidifies  to  a  tenacious  mass. 

The  dibrofnids,  C"H*^Br',  is  easily  formed  by  agitating  the  hydrocarbon  with 
bromine-water,  and  is  obtained  by  walking  the  product  with  dilute  aqueous  potash, 
and  dystaUisation  firom  alcohol,  in  shining  colourless  needles  melting  at  71^.  It 
dissolTes  freely  in  hot  alcohol,  and  with  imxlerate  facility  in  cold  aloohoL  Heated 
with  alcoholic  potash  it  quickly  decomposes,  with  aepantion  of  potassium  bromide ; 
and  water  addod  to  the  product  throws  down  a  hesYT  oil,  probaoly  O^H^'Br,  which 
wiien  heated  to  about  160^  for  several  hours,  becomes  brown  and  viscid,  and  gives  off 
hydrobromic  acid. 

Xsopropjl-Alljl-beBaeBOt  O'^H*',  is  best  prepared  by  the  action  of  sodium 
carbonate  on  hydrobromocumenylcrotonic  acid  : — 

O^XC«H0.CH«.CH».CHBr.CO«H  »  C«H\C«H')CHr=CH.CH«  +  HBr  +  C0«. 

It  has  a  density  of  0-8900  at  16<>,  boils  at  229^-330®,  does  not  solidify  at  -15^  ;  is 
not  apparently  altered  by  heating  to  160^-200°  for  sixty  hours.  It  dissolves  but 
sparingly  in  strong  sulphuric  acid  even  when  heated,  but  is  apparently  polymerised ; 
fbr,  on  adding  water  to  dilute  the  acid,  the  oil  which  separates  on  the  suiface  becomes 
quite  thick  on  cooling. 

The  dibromids,  CH^'Br*,  prepared  like  that  of  isopropyl-cinnamene,  gradually 
soUdifles  to  a  ciystalline  mass,  which  must  be  strongly  pressed  to  f^  it  from  a 
brominated  oil,  then  left  to  dry  to  a  white  wax-like  cake,  and  finally  crystallised  from 
alcohol.  It  melts  at  69^  to  a  colourless  oil,  which  crystallises  beautifally  on  cooling, 
dissolves  easily  in  boiling  alcohol,  and  crystallises  therefrom  in  thin  plates,  veiy 
soluble  in  ether  and  in  petroleum-spirit.  Heated  with  alcoholic  potash,  it  quickly 
deeomposes,  forming  potassium  bromide  and  a  heavy  brominated  oil. 

Ito0propjl->1mteiijl->benseiie,  C"H"  »  G«H«(0*H^.CH=CH.OH'.GH',  pre- 
parod  like  the  praoeding,  from  hydrobromocumenylangelic  acid^  is  a  colourless  oil  having 
an  odour  like  that  of  cumio  aldehyde,  but  more  fruity  and  less  powerftil.  It  has  a 
denaity  of  0*8876  at  15®,  and  boils  at  242^-243° ;  does  not  thicken  or  undergo  any 
i^parent  chanoe  when  heated  to  160°-200°  for  several  hours.  When  kept  in  contact 
with  the  air,  nowever,  it  resinises.  On  shaking  it  with  strong  sulphuric  acid,  it 
becomes  hot^  and  acquires  a  brown  colour,  which  disappears  on  addition  of  water,  and 
an  oil  then  rises  to  the  surfaee,  which  thickens  on  cooling.  This  thick  oily  product, 
most  probablv  a  polymeride,  is  nearly  insoluble  in  alcohol.  Isopropyl-butenyfbencene 
dissolves  in  fuming  nitric  acid  with  violent  action,  and,  on  adding  water,  a  yellow  oil 
separates  which  thickens  on  cooling. 

The  dibromidet  G^H^'Br',  melts  at  77°t  dissolves  veiy  easily  in  bensene,  ether, 
petxoleum-spirit,  and  boiling  alcohol,  and  separates  from  the  latter  in  transparent 
plates  on  cooling.    Heated  with  alcoholic  potash,  it  yields  KBr  and  a  brominated  oil. 

^BOZAMZO  ACZB.    See  HTDROXTLAicncB. 

CO  ACID,  (7H»0*  =  C«H».OH=CH.CO«H.  Phenyl  acrylic  acid 
(Parkin,  Ckem.  8oc.  J<mr.  1877,  i.  389). — ^This  acid  is  produced  by  heating  benzalde- 
nyde  with  acetic  anhydride  and  sodium  acetate : — 

2CrH«0  +  C^W  =  20»HK)*  +  H«0. 

The  mode  of  action  is  not  very  well  understood,  but  the  presence  of  sodium  acetate 
or  some  analogous  salt,  as  so<unm  valerate  or  lead  acetate,  appears  to  be  essential. 
The  transformation  is  best  effected  by  heating  1  pt  of  sodium  acetate,  2  pts.  benzoic 
aldehyde,  and  3  pts.  acetic  anhydride  in  a  sealed  tube  to  about  180^  for  five  or  six 
hours.  On  opening  the  tubes,  carbonic  anhydride  escapes  (proceeding  from  the 
decomposition  of  part  of  the  dnnamic  acid  produced),  and  a  crystalline  mass  is  found, 
containing  a  large  proportion  of  cinnamic  add,  sometimes  as  much  as  84  per  cent,  of 
the  benzaldehyde  employed.  To  purify  the  product,  it  is  boiled  with  water  in  a 
retort,  any  unconverted  benzaldehyde  being  then  carried  over  with  the  steam,  and 
the  residue  is  left  to  cool,  durine  which  time  the  crude  oily  cinnamic  acid  solidifies, 
and  any  that  may  be  dissolved  in  the  aqueous  solution  separates  out.  It  is  then 
collected  on  a  filter,  washed  with  water  to  remove  sdCUum  acetate,  boiled  with  sodium 
carbonate,  and  after  cooling,  filtered  from  the  oily  impurities  which  are  always 
prvsent.  On  acidifying  the  solution,  the  cinnamic  acid  separates  as  a  white 
CKjitalline  precipitate,  which  may  be  further  purified  by  two  or  three  crystaUisatioTA 
fniAhoiliDg  alcohol 

The  crystalline  mA89  to  which  the  contents  of  the  tubes  soUdity  on  cock^A%\a  \tAat- 
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speraad  yrith  snuJ!  pale^oloured  opaqne  nodulns  coasistiog  of  add  todum  o'oMa 
C'H'NuO'.CH'O',  iuiBlogou«  to  odd  potassium  bcnKouM,  Thi*  wit  diisolvw  in  acrtk 
snhjdrida.  IH  decoEiipusBd  by  water,  fielding  cinnamiB  aad  nod  aodiom  """"■"-.  Ml 
<liesolTea  in  strong  uqueous  ummunia  vitliout  forming  dnnunidD  (PerUii). 

Cinuamic  acid  unites  at  low  temperatures  with  funing  hi/drabromie  utd  ^JriaJk 
lioiiis,  tlie  additioa-prodiict  nepamting  out  before  compleM  Bolulion  has  takon  pbcK- 
AJtor  eereral  doyB  Etandiitg  and  frequent  agitation  the  coaTarsioD  is  coroplcto.  Tit 
RMinltiag  aeids  vhen  moist  nee  eoAity  altcrud  by  heat,  and  tliey  an  rarjr  qqlcUir 
decomposed  b;  boiling  with  water.  They  may  be  purified  by  drying  OT«r  Mtljibnat 
acid  and  Bolid  potaah,  sod  cryataUiHfttion  from  ciirbon  sulphide. 

HsdTobromi>0inaamieaeid.(?mBTO'^C'S:CS'.CBBr.CO'R,Tstixntdi^ 
bjtJiBaBtionofhydrobroroicaeidoaphonyl-laeticacid,C'H"0'  +  eBr  =  <>H'BrO'*iPO 
( u laser,  idfAi^jr  Jnnalfn,  czlvii.  96;  miap.  Ill  Suppl.  488).  It  fonm  e 
nacreous  plates,  very  slightly  Boluble  in  carbaa  gal^do;  melts  at  1 
decompose  ut  113° ;  and  if  heated  for  a  long  time  on  a  paraffin  bath,  a 
not  (aeeediug  lfiO°,  io  a  alow  stream  of  air.  it  splits  up  almost  quantitatiTriy  in 
hydrobrumie  and  cinnamic  acids.  On  bailing  it  with  water,  two  Eimultaneona  (cMdW 
take  place,  one  part  of  the  componod  simply  giviog  off  hydroliroinis  acid,  uid  jiildlH 
cinnamic  acid,  while  in  another  part  bromine  is  exchanged  for  hjdroiyl.  Slid  limjl' 
likctjo  acid  is  formed.  This  is  an  excellent  method  for  Ibt  prepuration  of  ill*  iMCr 
named  acid. 

When  hydrabromocinnamic  acid  ia  treated  with  Inn  times  its  weight  of  « 
mp  down  the  heat  of  the  reaction),  and  sodium  carbonate  is  added  to  alkaline  r«Mdo^ 


;  bcpat  M 


carbonate  and  bromide  are  formed,  and  c 
■olourlaasoil: 

C^'.CH'.CHBr.CO'H   =   Cn'.Clt^CH'  i 


9  collects  ODtbe  sofsMM 


(F.  Binder,  Dtnt.  Chen.  Qa.  Brr.  ix.  1I9S). 

HydTiodoeinnamic  acid,  CH'IO-,  resembles  the  brominated  add,  botdii 
more  readily  in  carbon  sulphide,  and  melts,  with  blackening,  at  119°-120°  (Bindcf). 


ozmrAmo  acid,  homoxoovsb  op,  jam  n'Lj.Tmit  j 

(Perfcin,  Chen.  Soc,  Jour.  1B77  ;  i.  391  ;  ii.Gfil).  These  acids  oro  obtained  by  hwliaB 
benzoic  aldehyde,  and  other  aldeliyiles  of  the  aromatic  group,  with  the  kotnolag^* 
acetic  anhydride  and  the  sodium  salts  of  the  corresponding  adds.  Than) 
T.heBB  eallH  appears  to  be  indispensable  to  the  process,  but,  as  in  tlie  eta 
acid  (p.  4B9),  their  mode  of  action  is  not  yet  understood.  The  best  | 
the  materials  are  2  pta.  of  the  aldehyde,  2  pU.  of  anhydride,  and  1  pt,  <£aa. 
the  mixture  being  heated  in  a  scaled  tube  to  I40°-IfiO°  for  twelve  bourt.*  \ 


I.  Acids  C"H>"-' 


WITH  Cmvunc  Acid. 

PbenjrUorotonlc   acfd,  CHi'O'-CH'CW.CO'H,  is  prepared  by  li 

btnxi-K  aldehyde  with  propionic  anhydride  and  sodium  propionate: 

2C'H'0  +  CH'-O*  =  3C"H"0'  +  H'O. 
The  tubes  when  cold  cont^ncd  a  nearly  solid  dystalline  mass  moistened  witti  u  id 
product,  and  carbonic  anbydride  escaped  on  opening  them.  The  product  waa  miti 
with  water,  freed  from  oily  matter  in  the  manner  oboro  dosoribed  for  cinnamic  «u 
then  decomposed  with  hydrochloric  acid,  and  the  white  precipitate  washed  tn  a  fllli 
with  cold  water,  and  twice  crystallised  ftom  alcohoL 

Phenyl -crotonic  acid  melts  at  82°  to  a  clear  oil.  and  solidifies  on  cooling  to  ft  I 
baautifolly  crystalline  mass.    It  diseolrcs  easily  in  alcohol,  especially  wh«ti  h  '      ' 
separates  on  cooling  in  transparent  oblique  crystsls.    It  is  sligbtlj  soluble  in 
water,    and    crystallises    on    cooling    in    slender    needles.       Ila     bariitm 
(C"H*0')'Ba  +  H'0,  obtained  by  boiling  the  acid  with  baryta-water,  sopin 
cooling  in  feni-Uke  crystals,  appearing  when  magnified  to  consist  of  plates, 
dried  in  the  wBter-orea,  they  lose  their  waller  and  become  opaque,     lliey  an  ti 
slightly  eoluble  in  boiling  water. 

Itophenyl-crclonie  o«W,  C"H''0',  is  formed  by  heating  beDEaldehjdv  ' 

--"-  inhydride  and  sodium  succinate : 

CH'O   +   CHH)'  =  G"Hi'0»  +   OO*. 


tsi  n  lugo-  prapartliia  ol 


ubydrldemanHd,  Til.  Spta.  to*^(f « 
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Tho  product  is  a  brownish-red  sticky  substance  melting,  when  boiled  with  water,  to  a 
thick  red-brown  oil,  and  yielding  a  pale  yellow  solution,  which  on  coolinff  gradually 
deposits  isophenyl-crotonic  acid  in  leafy  plates  or  long  needles.  These,  when  washed 
and  afterwards  boiled  with  water,  melt  at  first  to  an  oil,  but  afterwards  dissolve  for 
the  most  part,  and  the  solution  on  cooling  deposits  the  acid  in  beautiful  white  needles. 
Isophenyl-crotonic  acid  melta  at  83^-84^,  and  when  strongly  heated  gives  off 
suffocating  vapours  somewhat  like  succinic  acid.  The  fused  acid  solidifies  on  cooling 
to  a  beautiful  crystalline  mass.  It  is  ezcessively  soluble  in  alcohol.  The  silver  salt, 
C'*H*AgO',  is  obtained  as  an  extremely  bulky  and  curdy  precipitate  on  adding  silver 
nitrate  to  a  solution  of  2  mols.  of  the  acid  and  1  mol.  of  sodium  carbonate,  filtering 
off  the  resulting  precipitate^  and  treating  the  filtrate  with  excess  of  silver  nitrate. 

FbMi  jl-anreUo  add,  G"H"0>  »  G«H\C«H*.GO'H,  was  discovered  by  Fittig  a. 
Biebetr  {ZeiUokr.  /.  CKem.  1869,  232),  who  obtained  it  by  heating  equal  parts  of 
benzald^yde  and  normal  butyryl  chloride  in  sealed  tubes  to  120^-130^ : 

C»H».COH  +  CH».CH«.0H«.00a  =  C«H».CH=CH.CH».OH«.CO«H  +  HCl. 

The  crystalline  mass  thereby  obtained  was  boiled  with  dilute  sodium  carbonate,  and 
the  phenyl-angelic  acid  separated  from  the  solution  by  hydrochloric  acid  was  converted 
into  calcium  or  barium  salt^  and  repredpitated  by  hydrochloric  acid.  Perkin  pre- 
pares the  add  similarly  to  phenyl-crotonic  acid,  by  prolonged  heating  of  bensaldehyde 
with  butyric  anhydride  and  sodium  butyrate ;  the  purification  is  effMSted  in  the  same 
manner  as  that  of  phenyl-crotonic  add. 

Phenyl-angelic  add  melts  at  104°  to  a  colourless  liquid,  and  crystallises  on  cooling 
in  small  needles  melting  at  81°.  It  dissolves  but  very  sparingly  in  cold  water,  more 
easily  in  hot  water,  and  crystallises  in  long  slender  colourless  needles.  It  is  very 
soluble  in  alcohol,  and  separates  therefirom  in  small  white  needles,  but  the  mother- 
liquors,  on  standing,  sometimes  yield  transparent  crystals  several  miUimeters  in 
diameter.  It  dissolves  easily  in  hot  petroleum-spirit,  but  only  slightly  in  the  same 
liquid  when  cold.  When  boiled  with  water,  it  volatilises  to  a  slight  extent  with  the 
steam.  Its  silver  salt  is  a  white  predpitate  slightly  soluble  in  cold  water  (Perkin). 
The  Infium  saU,  (C^'H^O^yBa,  crystallises  in  fem-Uke  groups  of  needles,  moderately 
soluble  in  cold,  more  soluble  in  hot  water.  The  calcium  salt,  (C"H"C)')'Ca,  exhibits 
similar  characters.  By  oxidation  with  chromic  add  mixture,  the  add  is  converted 
into  benzaldehyde  and  bensoic  add  (Fittig  a.  Bieber). 

Phenyl-angelyl  chloride,  C**H"0.C0C1,  is  prepared  by  gently  warming  a 
mixture  of  phenyl-angelic  acid  and 'phosphorus  pentachloride,  in  the  proportion  of 
1  mol.  of  each,  heating  the  product  to  140°  after  tlie  first  eneigetic  action  is  over,  and 
passing  dry  air  over  it  to  remove  the  phosphorus  oxychloride.  The  product  is  a  pale 
yellow  oil,  which  is  gradually  decomposed  by  water,  forming  a  crystalline  mass  of 
phenyl-angelic  acid ;  with  alcohol  it  yields  an  oily  ether  (Perkin). 

Phenyl-angelamide,  C'*H'^CONH^  is  obtained  by  agitating  the  chloride 
with  strong  aqueous  ammonia,  as  a  yellowish  white  mass,  to  be  purified  by  washing, 
drying,  and  solution  in  boiling  alcohol,  from  which  it  separates  on  cooling  in  very 
beautiful  prismatic  crystals.  It  dissolves  eadly  in  alcohol,  with  some  dilSculty  in 
petroleum-spirit,  slighdy  in  boiling  water,  from  which  it  crystallises  on  cooling.  It 
melts  at  128°  (Perkin). 

CnnMnjlaerarllo  or  Isapropjl^plienjlaoryllo  Mild,  C'^**0'  » 
C*HXO'H').C^^CO>H,  is  obtained  by  heating  cumic  aldehyde  with  sodium  acetate 
and  acetic  anhydride : 

2C"H»K)  +   C<H«0»  -  2C»»H"0«  +  HK). 

The  product  is  a  pale  brown  radio-ciystalline  mass,  from  which,  by  boiling  with  water, 
treatment  of  the  resulting  solution  with  hydrochloric  add,  &c,  as  described  £>r  the 
preceding  compounds,  and  repeated  czystallisation  from  alcohol,  cumenyl-aciylic  add 
IS  obtained  in  white  needles  apparently  consisting  of  oblique  prisms.  It  dissolves 
freely  in  alcohol  and  in  hot  glaicial  acetic  acid,  but  is  only  slightly  soluble  in  boiling 
water.  It  melts  at  167°-158°  to  a  dear  liquid  which  solidifies  to  a  crystalline  mass 
on  cooling.  When  heated  till  it  boils,  it  is  resolved  into  carbonic  anhydride  and 
isopropylcinnamene  (p.  498).  Cold  fuming  nitric  acid  dissolves  it,  forming  a 
nitro-add  which  crystallises  from  alcohol  in  yellow  needles.  Cumenyl-acrylic  acid, 
heated  with  aqueous  chromic  acid,  is  ^dually  oxidised,  and  yields  a  distillate  of 
cumic  aldehyde.  A  solution  of  the  acid  in  carbon  sulphide,  heated  with  bromine, 
yields  a  bromine  derivative  which  is  decomposed  by  heating  with  alkalis. 

Ammonium  Cumenylaerylate  is  obtained,  by  evapoiating  &  «olutioTi  ot  tVi!^  ^<i  \&. 
Ammonia  over  sulphuric  acid  in  a  vacuum,  as  a  mass  of  aabwtAa-Yikjb  crs«Xxi2^  ^\i\Ocv 
giro  off  ammonia  with  canatic  alkalis ;  it  is  not  easily  wAuble  in  wa.\^.    Ttiii  »o4\um 
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le  inlcalated  qmuiLltf  of  iK>iiiiini 
.  .  terj  indistJactly  crfstallias  moat.  It  in  modarstely  m>IdU«  !■ 
WAIST,  but  in  predpitnt«d  bum  its  rolation  bj  lodiam  ehlarido  ;  when  atiOTalt  hMta* 
it  gives  off  s  coitsider&ble  quantity  of  a  bjdrociiiboii.  Hydiocbtoric  acid  audtd  to  il 
kolution  tbrowg  down  the  cumenyl-acrjiic  acid  as  a  anov-white  Boocnlant  powdot 
The  ealaiiiin  tali.  (C"S"0'^'C»,,  is  obUiined  by  adding  cijcium  chloriiU  to  iu>  aqoaBH 
BoludoD  of  the  Eodiam  salt,  lus  a  white,  balky  cryetalline  prKipitBti<,  and  by  rvcnM^ 
Uration  frcm  Ixiiliag  water,  in  beautiful  vhit«  nsedleB.  It  is  eporingly  wlnbls  it- 
iraler.  Heated  to90°-lD0°  in  air  free  from  carbonic  acid,  it  quicJdy  takes  op  oiy|« 
in  the  propartioD  of  nearly  1  at.  0  to  1  mol.  of  the  salt,  and  uQ  daoonipoMDg  \b^ 
(lidiaed  salt  vith  hydrochloric  acid,  a  white,  easUy  decompoBible  acid  is  obtaitt>4 
probably  conaiatJiig  of  oiycumedylaerylic  acid.  C"ll"0'.  The  Aarina  lolf, 
obtuiDed  by  double  decomposition,  is  a  white  powder,  which  aprvars  to  bs  slightlj 
cn'blalline,  and  sometinuB  cooglomeiates  to  a  plutic  inaas  when  boiled  with  w«t«r.  n 
whicb  it  ia  slightly  Boluble.  The  stroiUiam  salt,  (C"H"0^'Sr  -f  2U<0,  reMimbiM  tlis 
bsriuni  salt,  being  a  white  powder  alightly  soluble  in  waler.  The  copftr  Mtt  i«  i 
green  precipitute ;  the  ferric  salt,  a  light  brown  precipitate.  The  tiirrr  tell^ 
C"H'*0'Ag,  obtained  by  adding  silrer  oitrnlB  to  a  hot  solntjoo  of  the  sodiam  m^ 
separates  as  a  copiona  bulky  precipitate,  whicb  soon  contracU  and  appears  ajvtalliM 
under  the  microscope  ;  Btrongly  eJactric  when  dry. 

Cumenylacryl  chloride,  C"H".C0C1,  is  prepared  by  trealJng  the  acid  wilk 
FCI'  in  eakolated  proportion,  heating  the  prodoct  to  130°  in  an  oil-batlt  to  d)«til<ff 
the  phoBpboruB  oxychloride,  and  then  passing  dry  air  Cbriiugh  it  at  llie  ibbis  tsa- 
psratuce.  On  cooling,  it  sdlidifiea  lo  a  cryatalliDe  maas  melting  at  abiiut  2&°.  It  il 
quickly  reconverted  into  the  acid  on  exposure  to  the  ^,  and  when  mixed  with  alcohal, 
yieida  a  heavy  oil  doubllesB  coasistiug  of  e  thy  lie  cum  enylacry  late. 

Cumenylacrylamide,   C"H>>.CONH'.  obtained    by  the   actioo    of  i 
ammonia   on  the  chloride,  is  a   whit«  powder,  insoluble,  or  nearly   ao,  ia 
moderately  Eolnble  in  alcohol,  and  cryHtalliBiDg  theielirom  in  satiny  plats*  Vf^^^^H 
flukes  of  sublimed  napblbalene.    It  melts  at  185°~18a°,  and  when  fixtlMH^^^^H 
distils,  with  eTolntion  of  Bmall  quantltieB  of  ammonia.     Boiling  aqneons  P^^^^^H 

not  decompoie  it,  eicppt  iti  laturated  solution,  in  which  cue  amiooui^^^^H 
given  off.  '^^^^^H 

HydToeumenylaetylie  or  CumtnylpTOfieaic  acid,  C"H**fr  ^^ 
C'HXCH'J.CH'.CO'H.  ia  formed  by  the  action  of  naacent  hydrogen  on  ctunait)' J 
acrylic  acid.  The  acid  mixed  with  ubout  15  tiniPB  ita  weight  of  water  wnui  tiMUll 
with  eodi urn-amalgam  (containing  2  per  cent,  aodiom)  in  quantity  BoffldeDt  to  fonk'l 
its  sodium  sail,  the  miitnje  being  frequently  shaken,  whereupon  the  add  diiMlTCt'l 
with  bat  little  evolution  of  hydrogen ;  eictas  of  sodium'amitlgam  was  then  addedL  sn^l 
the  miituto  left  for  sereral  hours  till  hydrogen  was  eompwhat  freely  ev&lTed.  AIUU 
the  separation  of  the  amalgam,  the  solution  was  acidified  with  hydrochloric  ai^9 
which  threw  down  n  cryatalline  precipitate  of  cumenylpropionic  acid  ;  and  ti;  vasliiaj 
this  precipitate  with  watsr.  prataiug  it  between  biboloua  papor,  then  diasalving  l(  tftw 
warm  gladal  acetic  acid,  filtering  horn  a  small  quantity  of  an  amorphous  ianlnU*.9 
product,  and  gradually  adding  water  to  the  clearSltrale,  the  phenyl-propionic  tddwM'l 
separated  in  aatby  iicnIeB.  1 

This  acid  mslta  at  70°  to  a  clear  oil,  (vhicb  crystallises  very  beatttifnllf  on  aMttc^-l 
It  is  very  soluble  in  hot  alcohol,  petrolenm-Bpiril,  and  elacial  ai'etic  acid,  insoliAl*.  it  I 
nearly  bo,  in  water.  Ita  lodium  mJt.  obtained  by  boiling  the  acid  with  snditB  J 
carbonate,  forme  a  dear  solution.  Theftnrium  and  calcium  ealtt  are  white  precifatatM  1 
which  become  tenaciona  whan  rubbed  with  a  glaaa  pod.  The  tilver  tall,  C"H"AgO',  J 
prepared  by  double  decomposition  with  the  andinm  salt  and  silver  nitntte,  rnScHaC  a 
the  first  portions  thrown  down,  ie  a  white  precipitate  nearly  insoluble  in  wattv.  1 

HydrobTomocHnenslacTyticacid,C"'B>*hiO'-C'S\C?W).QS'.CSSt.&yZ,m 
is  pnrfnced  by  leaving  finely  divided  cumenylac^lic  acid  in  contact  for  seven!  itm  I 
with  filming  hydrobtomio  acid,  sp.  gr.  1-74,— or  better  by  treating  it  with  a  MUiM^n 
solution  of  hydrogen  bromide  in  glacial  acetic  acid.  On  oiposing  the  miitBr*  to  lUl 
air  uiter  the  action  is  completed,  the  hydrobromocumenylacrrlic  acid  Mpantea  mlM 
ill  cryHtalline  crusts.  This  acid  is  vexy  soluble  in  alcohol  and  in  ether,  and  lepaMan 
from  the  latter  on  evaporation  in  ehining  crystals.  It  melts  at  Sh'-SJ",  avfwwl 
fiirthsr  heated  decomposee  with  separation  of  hydrobromic  acid.  When  boiM  > 
water,  it  melta  to  an  oil,  and  then  becomes  pa  "    '  ..  -    . 

and  camenylucrylic  acids.     TTeaWV  's^1^v  a 

caustic  polaah.  il  ia  toholvpi\  inUiH'Rr.CO'.M 
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Oomenyl-orotoiUe  aeld,  0"Hi*0>-0*H«(0*H').0"H«.CO'H,  is  produced  by 
hettting  cnmic  aldelrfde  with  aodhim  acetate  and  3  pte.  propionic  acid,  and  pnrified  in 
the  same  manner  as  the  corresponding  acids  already  described.  It  ozystalfises  firom 
alcohol  in  nodular  masses,  ftom  petroleum-spirit  in  beautifal  oblique  prisms  ;  melts 
at  90^-91^,  crystallises  on  cooling,  and  then  swells  up  in  a  most  remarkable  manner 
into  leaf-like  scales.  It  dissolres  easily  in  alcohol  and  in  boiling  petroleum-spirit, 
only  slightly  in  the  latter  when  cold.  lU  silwr  tali,  C>*H"AgO',  prepared  like  that 
of  isophenylczotonic  acid  (p.  604),  forms  at  first  a  copious  white  cuirdy  precipitate, 
rendering  the  liquid  semi-solid,  but  becomes  denser  after  being  stirred  awl  left  at  rest. 

Hydrobromooumtnylorotonie  acid, 

C»"fl>»BrO«  -  C«H«(0»fl').CH».OHBr.CH«.CO«H, 
prepared  like  hydrobromocumenylacrylic  acid,  crystallises  in  flat  oblique  prisms.  It 
IS  extremely  soluble  in  ether,  moderately  soluble  in  alcohd,  bensene,  and  glacial 
acetic  acid,  sparingly  in  petroleum-spirit.  It  melts  with  partial  decomposition  at 
140^-150°,  and,  if  more  strongly  heated,  gives  off  large  quantities  of  hydrobromic 
add.  It  is  decomposed  by  potash  or  by  sodium  carbonate,  like  hydrobromocumenyl- 
acrylic add,  yidding  isopropylallyl benzene,  C"W  (p.  499> 

CniiMiiyl-ABffeUe  aeld,  C>«H'>0'->C*H\C*H').C'H*.CO*H,  prepared  from 
cnmie  aldehyde,  butyric  anhydride,  and  sodium  butyrate  or  acetate,  and  purified  like 
the  preceding  adds,  is  a  crystalline  substance  melting  at  123^,  freely  soluble  in 
alcohol,  espMially  when  hot,  and  separating  therefrom  on  cooling  in  colourless 
needles. 

Hffdrohromocumenyl'angelio  acid, 

0"H»»BrO»  -  C«HXO»H').CH«.CHBr.CH«.CH».CX)«H, 

prepared  like  its  lower  homologues,  crystallises  in  flat  prisms ;  is  fredy  soluble  in 
ether,  moderately  soluble  in  alcohol ;  decomposes  when  heated,  giving  off  Hfir ;  and 
is  oonvezted  by  alkalis,  with  loss  of  HBr  and  CO',  into  isopropylbutenyl- 
benzene,  C"H»(p.  499). 

n.  AoxDS,  OH**'*^)*,  firom  OncHAiao  Aldbhtdb. 

These  adds  are  formed  from  dnnamic  aldehyde,  C*H'0,  in  the  same  manner  as 
those  of  the  preceding  series  from  benzaldehyde  and  its  homologues  (Perkin,  Chem, 
Boo.  Jour,  1877,  i.  403). 

dmiamenjlaerarUo  add,  C"Hi*0*  -  G«H>-tG*H>^0^*— CO*H,  is  prepared 
by  heating  dnnamic  aldehyde  (or  cinnamon  oil  of  the  best  quality^  with  acetic  anhydride 
and  sodium  acetate.  Carbon  dioxide  escapes  on  opening  the  tube,  and,  on  mixing  the 
product  with  water,  the  saline  matter  dissolves,  leaving  a  rednous  substanoe  which 
dissolves  but  partially  when  boiled  with  aqueous  sodium  carbonate.  The  Altered 
alkaline  solution,  acidified  with  hydrochloric  add,  giyes  a  white  precipitate  of  dn- 
namenylacrylic  add,  which  may  be  purified  by  crystallisation  from  alcoinol,  and  then 
from  petroleum  spirit. 

CinnamenjlacTylic  add  dissolves  eadly  in  alcohol,  and  crystallises  therefrom  in 
thin  plates :  it  is  but  slightly  soluble  in  petroleum  spirit,  but  separates  from  it  in 
more  distinct  crystals.  It  melts  at  165^-166®.  When  heated  and  boiled  it  decom- 
poMs,  yielding  an  oil  which  bums  with  a  very  smoky  fiame.  When  boiled  with 
aqueous  chromie  add  it  yields  a  distillate  containing  an  oil  which  appears  to  be 
dnnamic  aldehyde. 

Sodium  salt. — Cinnamenylaerylio  add  dissolves  slowly  in  a  dilute  boiling  solution 
of  sodium  carbonate,  and  if  theoretical  quantities  are  employed,  the  solution,  on 
evaporation,  dries  up  to  a  white,  almost  amorphous  mass,  not  very  soluble  in  cold 
water. 

The  calcium  sali  is  obtained  by  adding  caldum  chloride  to  a  solution  of  the 
sodium  salt,  as  a  white  precipitate,  dissolving  to  a  small  extent  in  boiling  water,  from 
which  it  separates  in  small  gxistening  crystals  on  cooUng. 

The  barmm  salt,  obtained  in  like  manner,  is  a  white  precipitate,  slightly  soluble 
in  water,  and  separating  from  the  boiling  solution  on  cooling  in  small  needles. 

The  magnesium  salt  is  a  white  milky  precipitate,  which  redissolves  almost  immedi- 
ately, but  separates  again  in  the  crystalhne  state  on  standing. 

The  silver  salt  is  a  white,  somewhat  curdy  predpitate,  slightly  soluble  in  water, 
blacxening  gradually  in  sunlight.  The  Uaa  salt  is  a  white  curdy  predpitate,  the 
copper  salt  a  pale  green,  Hie  ferric  salt  a  pale  brown  predpitate. 

CinnHmenjrJacrfl  chloride,  0"H*0C1, obtained \)ytt«al\u|^l\i^^CAd'Wv\3tt.\jV'5>%^ 
pboruB  pentachloride,  separates  from  the  fluid  mixture  on  cooWn^^)  Vxk  wmaiW.  ^^\s^ 
which  render  the  whole  nearly  solid. 
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CitmaiDGu^la^rjUinide.  C"H°0(NH'^,  u  obtained  by  ugitdtiDg  U 
wich  strong  aqneuuB  siomoiiiB,  as  a  ohiM  sabeUnce  iasolable  iu  vaLer,  n 
soluble  in  alcobol.  aad  crjBCallisiQg  tbfiM&om  id  fl&t  nudln  like  bgnaoio  ac 

HydroBinnamtnylaerylic  aeid,  C"H"0',  was  prepared  bj  grauliullj  u 
sodiam-Bmalgani  to  dniiunen7laciy1ic  acid  Euspended  iu  a  I&rgs  qnaniitj-  otimjavk 
it  diraolved.  then  adding  an  excasE  of  tho  amiilgitm.  decanting  tbe  cletir  aolDlion  it 
IvbIts  hours,  acidulating  with  bydracbloHc  acid,  and  agitatiog  with  ether-    Oax 
orating  the  ethereal  solution,  the  acid  remained  in  the  form  of  an  oily  li^id.    ' 
nilaer  aatt,  CHuAgO*,  is  a  whito  precipi!*t«,  pviog  bj  analysis  37-63  por  ccat.  all   . 
the  formula  requiring  3N'I6  per  cent.    This  analyaii,  and  that  of  the  aeiil  (a 
74'£2  C,  6'68  H  ;  ealc.  76'0  G,  6'81  E)  ore  not  quite  eatiilactory  ^  but  if  tlie  fii 
C"B"0'  bo  correct,  the  acid  is  isomeric  with  phenyJangoUc  add. 

Olnnamenneratanle  BOta,  C"H"0'  =  C<H>.CB',CH<.CO*H,  was  pniiuvdlf 
heating   IS  pts.  einnamir  aldehyde.  IS  pU.  propioaic  uohydride,  and  6  pta.  niia^ 
ptopianate,  and  purified  like  cinuamenylBcrylic  acid.     It  is  easily  soluble  in  •IaAa(fl 
losolable  in  cold,  sparingly  soluble  in  bot  petroleum  spirit,  and  crystallise*  lb  ■'  "  " 
in  flat  oblique  traUBparant  prianu  vbicb  become  opaque  on  keeping.     It  i 
IST'-ISS". 

The  lodiam  sail  in  obluned  by  prolonged  boiling  of  the  acid  Bith  s  dilute  i 
of  sodium  carbonate,  and  remans,  on  evaporation  in  a  rncnnm,  ns  a  distinct];' 
tine  product,  only  moderately  soluble  in  water.  TheLWdumand  barvnamltt.ti 
hy  double  decomposition,  are  vbit«  floccnient  pcedpitatM.  sparingly  soluble  in 
water,  and  deposited  therefrom  ou  cooling  in  groups  of  miunt^  ciritali. 
magneemin  salt  is  ciyBtolline  and  more  Holuble  than  the  last  two.  The  Jtrriel 
p»lo  brown  precipitate ;  the  copper  mil  a  very  polo  gr«n  precipitate,  tbii 
0"H"AgO',  is  pure  white,  elightly  soluble  in  cold  water,  nnd  is  but  ali 
by  light. 

aiiuiunei)Tlu>Kellowsia,0"H"0'^CH'.C*H'.GO'H.  wasprei 
dnuomic  aldehyde  with  butyric  anhydride  and  sodium  butytata  to  i 
purified  in  the  manner  described  for  the  preceding  acids.  It  did  not, 
satisfactory  results  un  analysis,  and  was  therefore  fortbor  purified  by 
th«  ealduin  «alt,  decompositioD  of  this  s&lt  by  hydrochloric  a«id.  and 
of  the  prooipitato  from  petroleum  apirit.  It  forms  amoll  shining  cryaloU,  nolU 
1SS°-I27°,  disBolrea  easily  in  alcohol,  not  very  freely  in  petroleum-spiiit.  The  ' 
laU.  C'>H"AgO',  is  B  white  precipitate  slightly  soluble  iu  cold  water. 

m.  Acids  C°H"-"0*,  r«oH  Anisic  Alprbtbb.  ' 

r  XatlijI-iiBraooiimulo    acH 

repared  by  heating  2  pta.  anisic  aldetijdl 
2  pts.  acetic  anhydride;  boiling  thedsA 
coloured  product  till  the  diatillate  is  nearly  free  from  oil ;  leaving  the  rendne  to  nd; 
washing  the  crystalline  product  on  a  filter  to  remove  saline  matter  ;  (hea  boiliii;  i. 
with  sodium  carbonate  ;  passing  the  solution  through  a  wet  filter  to  remore  neal^^ 
oily  products ;  precipitating  with  hydrochloric  acid ;  and  twice  recryst&Uising  Iks 
washed  and  dried  precipitate  from  alcohol. 

Methyl-paraoxyphenylaorytic  acid  melts  at  about  171°.  It  is  iDaderBtel;  H^allt 
in  alcohol,  from  wbioh  it  crystalliaes  in  very  pale  yellow  needles ;  aparinaly  solnlr''  ~ 
boiling  water,  which  deposits  it,  on  cooling,  in  small  white  crystals.  Whsa  bi 
tilt  it  boils,  it  dBcomposes.  yielding  on  oil  which  has  a  stiong  but  pleasaiit  odondt 
fsnoel,  and  aolidifina  U>  a  crystalline  mass  on  cooling.  This  compound  ia  pnibablTi 
bomologue  of  anetbol,  its  formation  being  represented  by  the  eqoatiou  : 

C'H'(OCH").C=H'.CO'H  =   CO'   +   C'H*(OCH'XC'H«). 
Uethyl-oiyphenylacrylic  acid,  boiled  in  a  retort  with  dilate  chromic  acid,  i»  »l«if, 
oxidised,  nod  yi^ds  an  oily  diatillata,  apparently  conasting  of  anisaL 

Metallic  Methylphen^loiyacrylates.— The  lodiam  taU.  Ci'H'S.O',** 
tnined  by  boiline  the  acid  with  the  calculated  qaantity  of  sodluin  ouboBSUb  ii 
ileposited  on  cooUngas  a  white  mass  of  microscopic  satiny  crystals,  rathat  fprJMJ) 
soluble  in  water.  The  caleium  salt  ia  obtained  in  transparent  needle*  br  aJdiH 
calcium  chloride  to  a  weak  boiling  solution  of  the  sodium  salt,  and  leaving  tin  Ufw 
to  cool.  The  barimn  lalC  is  obtained  in  like  manner  as  a  crystalline  precipitate,  ibi 
tlmntium  salt  eepoistes  on  cooliog  in  small  ciyatsts,  more  solnble  than  the  bani~ 
salt.  The  copper  salt  is  a  pB.\e  \>Va\H\i.|jteMi  ytwi\^\\a\ft  •,  tta  {trrin  talt,  a  bniwi.  wt- 
-*-■--■-  ThoiiiuCT  sall,C''H.'6^<>',  wo'tAiimaiiB»,-^\vts-n\i\«  ^■ma.'^«»ic.-ia|^ 
in  ■vralBT,  lij  uddiTig  6\\\eni^iM*  In  a  (^> 
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slight  precipitate  is  formed,  and  not  rediisolved  on  stirring,  then  filtering  and  treating 
the  filtrate  with  excess  of  silver  nitrate. 

Hethylparoxyphenylacrjl  chloride,  prepared  by  the  action  of  POl'  on 
the  acid,  and  freed  from  POCl*  by  heating  the  product  to  120''>130^,  and  then  passing 
dry  air  over  it,  is  a  darkyellowish  oil  which  solidifies  on  cooling  to  a  crystalline  mass, 
melting  at  about  50^.  With  alcohol  it  yields  the  ethylic  ether,  as  a  pale  yellow 
▼iseid  oil  heavier  than  water. 

The  amide,  C**H*O^NH^,  is  formed  by  treating  the  chloride  with  alcoholic 
ammonia,  whereupon  it  becomes  hot  and  deposits  crysUds.  On  evaporating  off  the 
alcohol,  and  treating  the  residue  with  water,  a  white  product  is  left,  which  may  be 
purified  b^  crystallisation  from  water.  It  melts  at  180^,  and  onrstallises  on  cooling. 
Alcohol  dissolves  it  readily,  and  deposits  it  in  scaly  crystals.  Water  dissolves  it  but 
•pazingly,  and  the  crystals  obtained  fh>m  the  solution  are  very  smidL 

Hy  dromethyl-paroxyphenylaeTylio  or  Methylparoxyphenylpro- 
pionie  aeid,  C"*H'K)»  «  C«H*(O0H«).C'H*.CO»H,  is  formed  by  the  action  of  sodium 
^m^lgatn  (containing  2  per  cent,  sodium)  on  a  mixture  of  1  pt.  methylparoxyphenyl- 
acryhc  acid  and  60  pts.  water,  the  mixture  being  constantly  agitated  tiU  the  whole  of 
the  add  has  dissolved  ;  excess  of  the  amalgam  is  then  added ;  the  mixture  left  to 
itaelf  for  twenty-four  hours ;  the  clear  solution  then  decanted,  and  acidified  with 
hydrochloric  add ;  and  the  resulting  white  predpitate  is  washed  on  a  filter  with  cold 
water,  purified  by  solution  in  boiling  water,  and  filtered  from  a  small  quantity  of  insoluble 
matter.  The  filtrate  on  cooling  deposits  the  add  C'H'H)'  in  feathery  crystals  melting 
at  101<». 

iKetiiylparosyplienjloroteiilo  add,  C^H^K)*  »  C«H«(OCH*)p.O'H«.GO^, 
was  prepued  by  heating  anisic  aldehyde  with  propionic  anhydride  and  sodium  pro- 
pionate, and  partly  purified  in  the  same  manner  as  the  preceding  compounds ;  but  the 
solution  obtained  by  boiling  the  crude  product  with  sodium  carbonate  being  still 
milky,  even  after  filtration,  it  was  treated  with  ether,  then  boiled  and  acidified  with 
hydrochloric  add.  The  acid  C"H*^'  then  separated  as  a  white  predpitate,  which 
was  washed  and  crystallised  firom  alcohol. 

This  acid  is  moderatelv  soluble  in  alcohol,  and  crystallises  therefrom  in  beautiful 
transparent  rectangular  plates.  It  melts  at  154^,  and  decomposes  when  heated  to 
boiling,  yielding  an  oil  which  smells  like  oil  of  anise,  and  becomes  crystalline  on 
cooling.  This  oil  is  doubtless  anethol,  its  formation  being  represented  by  the 
equation : 

C«H«(OCH').C»H^CO»H  -  C«H<(OCH»XC»H»)  +  CO^. 

Calcium  MethyloryphenylcroUmate,  obtained  b^  addinff  calcium  chloride  to  a  dilute 
solution  of  the  sodium  salt,  is  a  crystalline  predpitate  which  dissolves  on  boiling,  and 
is  deposited  on  cooling  in  small  white  needles.  The  harwm  salt,  similarly  prepared, 
crystallises  from  its  l^iling  aqueous  solution  on  cooling  in  thin  shining  needles.  The 
gUver  salt,  C"H"AgO',  prepared  like  those  of  the  adds  previously  described,  is  a 
satiny  oystalline  predpitate,  slighU^r  soluble  in  cold  water,  more  soluble  in  hot  water, 
from  which  it  crystallises  on  cooling  in  slender  needles.  Light  acts  upon  it  but  slowly. 

Xethjlparosyplien jlangttlo  sold,  Om^*0* »  C*H^OGH>)i>.C«H*.CO*H,  was 
prepared  by  heating  a  mixture  of  anisic  aldehyde,  butyric  anhyoride,  and  sodium 
butyrate,  the  product  being  purified  similarly  to  the  last,  excepting  that  the  treatment 
with  ether  wp  not  required.  It  crystallises  from  alcohol  in  needles ;  melts  at  123°- 
124^  to  a  colourless  oil,  and  crystallises  verv  beautifully  on  cooling.  When  heated  to 
boiling  it  decomposes,  with  separation  of  CO',  yielding  an  oil  smelling  like  oil  of  anise, 
and  probably  consisting  of  a  homologue  of  anethol,  0*H^(OCH')C^H^. 

IV.  Acids  isomeric  with  thb  FRBCuDDfo,  oBTAuraD  tbom  Mbthtlsalictlic 

Aldbktdb  axd  from  OouMABor. 

KetbjlortliozyplieBjlaerylle  aeld«  C^'H^'O'.  Of  this  add  there  are  two 
modifications,  distinguished  as  a  and  /3.  

The  o-acid  is  formed  as  a  methylic  ether,  C«H*(OCH«).OTP.CO(OCH"),  by  sub- 
jecting an  alcoholic  solution  of  sodium  coumarate,  C'HXONa).CH'.CO(ONa)— obtained 
by  boiling  ooumarin  with  caustic  soda  (see  GouHARiK)--to  the  action  of  methyl  iodide 
at  100^  in  a  sealed  tube  for  about  three  hours.  The  product,  freed  from  alcohol  by 
distillation  and  mixed  with  water,  yields  the  methylic  ether,  C"H"0*,  as  an  oil  bdling 
at  278°-280° ;  and  from  this  the  acid  C^H'^O*  mav  be  obtained  by  boiling  withpotash, 
then  adding  water,  boiling  off  the  alcohol,  and  adding  hydrochloric  acid.  The  acid 
then  separates  as  an  oil,  which  crystallises  on  cooling  and  may  be  purified  by  recrystal- 
lisation  Grom  ordinary  acetic  acid,  separating  therefrom  on  ooc^^x^  Vn  ^v&\»Qca!k% 
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crjalsU.  which  i^DersUj  lou  Uieir  liutre  io  dicing.    It  is  easilj  aolal 
uid  melta  it  88°- 9  9°. 

The  jodium  talt  is  eitrsniel;  ■olnble  in  voter,  uid  dries  up  Io  a 


0.   ilelhylorllioxi/jihenylaarylh  aad  wu  prepared  bj   heating    meth] 
uldshyde  with   aixUc  aohydnde  and  sodium  acetate  in  sealed  tubes  to  t"" 
six  honrB.  punfyiag  tlie  crjstaUiue  produst  iu  the  usual  TSj  with  sodii 
decamposinj;  the  sodjum  salt  with  hj^rodilonc  aejd.  and  tectyitaUifiog 

This  iictd  is  modpPBtely  BoJobls  in  alcohoT,  and  Cfjstnliiees  thareJ 
hard  prisms.     It  melts  at  )S2°-IS3°.    Heated  to  boiliog  it  deimnpoaea, 
ail  which  has  an  odour  verj  dlflerest  from  that  of  thn  oil  oblained  from  '* 
but  Bomewhal  like  that  of  coal-lar  naphtha.     The  add  fused  with 
yellow,  apparenMy  in  coasnineoce  of  IJie  fonuation  of  coumaric  add 
heated  yirldsa  large  quantity  of  salicylic  acid.    Heated  with  phosphi 
it  jielda  a  chloride,  whidi  is  coDTcrted  bj  ammonia  ii*~ 
phenylaotylamide.    C'H^OCH^.CH'.CONH'.  crysteUi 
needles  and  melting  at  lfli°-192°. 

Tiia  caiciiun  and  barium  eaUi  are  white  piecipitates  which  become  cryatallia*;  Ifa 
eofipar  lali  is  ■  green,  the  firrii!  tall  a  pale  brown,  and  the  nlver  lalt,  CB^AgO*.  i 
white  precipitate. 

The  fl-compoandG  are  atao  fbrmed  from  the  correapondiog  o-compouiida  bjtka 
aclioa  of  heat.    The  a-acid  is  converted  into  the  3-acjd  by  heating  it  to  iU  toliit 
inding  change  at  160°— 166'.  aids 
a  bonis  at  iW.  it  yieldi  Ihe5-amidi 
meltiag  at  191°-192°.    The  Mune  amide  is  prodnced  by  treating  the  *     **" 

phoaphoms  psatachloride.  and  the  resnltinff  chloride  with  ammonia. 

lite  diSerence  of  structure  between  the  a-  and  ^-acids  has  not  jeX,  been  death 

le  of  the  differeucea  of  their  prapertjee : — 


I. 

n. 

m. 

Melting  pointfl 

pheajrl^iyUBKJd 

£:s»°^i 

171° 

181"- 183° 

Sf-saf 

Coluur  of  ferric  salt 

Pale  brown   preci- 
pitate. 

Palo  brown  psd- 

pitate. 

.,        copper  „ 

Pale  Wnish  green 
precipitate. 

Green    precipitate, 
yellower          aud 
darker  than  I. 

A    bright  yeUow- 

pitawT"  £te 
than  L  and  U. 

1    p.c.    solotion  nf, 
sodium  sail,  with  ( 
CaCl'  and  BaCl'l 

A  crystallinB  while 
precipitate. 

_ 

2i  p.c.  solution  of, 
sodium  salt,  with! 
CaCl'  and  BaCl=) 

Ditto. 

A  white  precipitate. 

- 

A  2)  p.0.  solution 
of  the  sodium  sslt 
deposits    a    luge 
quantity    of    the 
salt  on  cooling  in 
white  sattnr  crys- 
tolline  masses. 

A  3i  p.c,  solution 
of  tliB  sodium  «lt 

cooling:    the    salt 
is  depofflted  only 
OD  concentration, 

The  sodium  «»l(  is 
eic«*iTely  idg. 
He  in  water.  «A 
when  evapOMted, 

gummy  nua, 

MetbrlorUiMVplianTloratonlo    fteld,    C"H<)O'»C*H'(OCH')>i.CHi.00% 

prepared  by  heating  methylsalicylic  aldehyde  with  propionic  anhydride  and  stdJaB 
propionate,  and  precipitated  by  hydrochloric  acid,  melts  at  104°'-I0d  dJlHwt 
Tery  freely  in  alcohol  and  ^"jwwuw,  eiwi\\^\Q?*nAwvwis^?\t.,*ia\,&oTO,*biiiUo([«l»! 

■'--  'a  tllis  aolveot  ilia  li'poHvVed  un  ci«VinR  'h>  \'H([,tt\SB,tj  iir5»\ji.i» ■■--  ■  -^^ 

Kiap^     When  hualud  iu  a-*B»ai-6S™a,\^ui«\V«  VQat\eM 
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on  cooling  in  small  eiroolAr  difcs  radiatinc  from  a  centre,  and  as  these  increase,  thej 
cnck  wiw  such  force  as  to  cause  the  watch-glass  to  emit  a  distinct  sound  each  time. 
The  crystalline  mass  often  shows  colours  somewhat  like  those  of  mother-of-pearl. 

The  calcium  salt  separates  as  a  white  crystalline  precipitate  on  adding  calcium 
chloride  to  a  solution  of  the  sodium  salt.  If  the  solution  be  Tery  dilute,  it  ciystallises 
in  beautiAil  groups  of  satiny  needles ;  it  is  more  soluble  in  hot  than  cold  water.  The 
hmittm.  saU,  (G"H"0')'Ba,  separates  in  needles  apparently  containing  water  of 
erystalliBation,  on  adding  barium  chloride  to  a  somewhat  dilute  solution  of  the 
■odiom  salt,  and  leaving  the  solution  to  cooL  It  is  rather  soluble  in  cold  water. 
Hie  silvsir  salt  is  a  white  precipitate  slightly  soluble  in  cold  water. 

XathjrlorUiozsrplieBjrlAiigeUo  acta,  0'<H*^0'  «  0*H«(OCH«)o.C«H*.00>H, 
was  prepared  by  heating  a  mixture  of  methylsalicylic  aldehyde,  butyric  anhydride,  and 
sodium  butyrate,  purified  in  the  usual  manner,  and  finally  by  conversion  into  calcium 
■alt,  precipitation  with  hydrochloric  acid,  and  two  crystallisations  from  alcohoL 
It  then  separated  in  hard  needles  about  three-quarters  of  an  inch  long.  It  is  very 
soluble  in  alcohol,  much  less  freely  in  petroleum  spirit  Melts  at  about  105^  (Perkin). 

OXraABdO  iL&BBBTBB.  OOnrAMAZi,  G^H*0 » C*H'.OHO.  The 
pure  aldehyde,  prepared  by  treating  oil  of  cassia  or  oil  of  cinnamon  with  an  alkaline 
bisulphite,  and  decomposing  the  resulting  crystalline  compound  by  distillation  with  an 
■UbII,  boUs  at  247''-248''  (Perkin,  Chem.  8oc.  J,  1877,  i.  403). 

omjJCOKAVSB&xo     or     yBamr&osTomoTowzo     aozb, 

C»H"0"=C«H»— CH=CH— CHOH— COOH  (Kaeta  Ukimori  Matsmoto,  Deui. 
Chmn,  Ges,  Ber,  riii.  1 144).  This  acid  is  produced  by  prolonged  boiling  (forty  to  sixty 
hours)  of  1  pt  of  dnnamic  aldehyde  with  100  to  150  pts.  water,  6  to  6  pts.  of  12  per 
cent,  hydrocyanic  acid,  and  7  to  8  pts.  of  strong  hydrochloric  acid : 

0»H»— CHmCH— OHO  +   CNH  +  2H«0  +  HCJl  - 
C«B[»— CHzzCJH— CHOH— CJOOH  +  NH*a. 

The  still  lukewarm  liquid  is  freed  by  filtration  from  unaltered  cinnamic  aldehyde, 
then  evaporated  to  diyness,  and  the  residue  is  treated  with  a  small  quantity  of  cold 
water  to  dissolve  out  the  sal-ammoniac.  On  boiling  the  remaining  portion  with  a 
small  quantity  of  water,  and  filtering  ofiT  the  undissolved  oil,  the  phenvloxycrotonic  acid 
separates  in  crystals  contaminated  with  cinnamic  acid,  from  which  they  may  be  freed 
by  mixing  the  not  solution  with  ammonia  and  a  slight  excess  of  lead  acetate,  filtering 
it  from  the  lead  precipitate  at  boiling  heat,  and  decomposing  the  hot  filtrate  with  sul- 
j^uric  add.    The  yield  does  not  exceed  4  or  6  per  cent. 

Phenyloxycrotonic  add  crystallises  in  colourless  transparent  needles,  melting  at 
115^,  slightly  soluble  in  cold  water,  more  readily  in  hot  water,  very  easily  in  alcohol 
and  in  ether.  Its  alkali-aalts  are  obtainable  only  as  very  deliquescent  crystalline 
masses.  Their  solutions  give  with  silver  nitrate  a  white  fiocculent  predpitate  which 
soon  turns  black.  The  bi»t  crystallised  phenyloxycrotonates  are  the  banum  and  lead 
salts.  The  barium  salt  forms  fine  crystals,  having,  when  dried  at  lOO'^-llO^,  the 
eompoeition  (C**H*0'}^Ba.  The  lead  salt  crystallises  from  hot  water  in  spherical 
groups  of  needles  having  the  composition  (C'*H*0')*Pb  +  2HK) ;  sparingly  soluble  in 
eold  water,  and  melting  at  100^  to  a  transparent  ritreous  mass. 

CZT&AOOWZO  AGZB.    See  Pybooitbio  1.0108. 

CITKAAZBSOMOFTSOTASTAXZO  AOZB.    See  Ptbotabtario  Acm. 

OZTXAMCA&ZO  AOZB.    An  isomeride  of  Oxypyrotartaric  acid,  CH^O*  (9.  v.) 

OZTBATASTABZO  AOZB.    See  Ptbocitrio  acids. 

CXnuCO  AOZB.  C«H»0^  -a  C»H*(OH).(CO«H)«.  This  add  is  now  made  almost 
entirely  from  lemon-juice  prepared  from  windfalls  and  imperfect  fruit.  This  juice,  in 
its  unconcentrated  state,  contains  from  8  to  0  os.  of  acid  in  the  gallon  ;  that  expressed 
from  the  fruit  imported  into  £ngland  contains  from  10^  to  12|  oz.  of  aci^  The 
concentrated  juice  usually  contains  about  64  per  cent,  of  free  dtrio  acid  per  gallon, 
and  6  or  7  per  cent,  combined  with  bases ;  of  the  total  acid  about  8  per  cent,  consists 
chiefly  of  organic  acids  of  the  acetic  series  :  the  unconcentrated  juice  likewise  con- 
tains malic  and  aconitic  acids.  Concentrated  bergamot-juice  is  much  less  acid  than 
lemon-juice,  usually  containing  from  49*4  to  55*6  oe.  per  gallon.  The  acidity  of  raw 
lime-juice  is  about  equal  to  that  of  English  pressed  lemon-juice  (Warington,  Chem. 
800,  J.  1876,  925-938). 

Estimation  of  Citric  acid  in  Lemon-juice. — No  general  method  is  known  for  sepa- 
rating citric  acid  from  other  organic  acids ;  but  as  calcium  citrate  is  insoluble  in 
WBtar,  whereoB  the  caldum  salts  of  malic  and  aconitic  adda,  uliA  ot  \h«  n^^\}^!& 
crgmnic  Mdda  present,  are  Boluhle,  a  determination  of  the  quantity  oi  \n»ct\\]^^«  qt^tac. 
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tdt  obtainabla  froBi  the  jnics  irill  givB  th?  perceotage  of  citHe  ■)  .    

accuracy  for  technical  puposea.    The  following  meUiod  ia  ^tm  bj  WahagtoB  (1 
eil.): — Ifi-SO  CO.  of  nuconceatrated  lemoa-juics,  or  a  qnaotil;  of  coDouilntr*  '-^ 

aual  to  about  3  c.t.  U  Biaetly  neutisliMO  witli  pure  caustic  aod^;  Uw  •  _ 
ucb  mcasuroe  about  60  c.e..  oc  ia  coucsntrated  lo  that  bulk,  U  brought  to  bcnllsg^ 
Balt-batb,  and  bo  much  solution  of  calunm  chloride  ii  added  as  ii  known  lo  Im_b  ' 
mco'e  thnu  Bofflcieot  for  the  total  organic  ncide  presmt ;  tbf  vhole  ia  ll 
half  on  hour.  The  precipitate  is  collected  and  iraehed  vith  hot  w 
citrate  is  rather  soluble  ia  irater.  the  Bitiate  and  vaahings  are  to  I 
the  salt-bath  to  about  lO-IS  c.c,  the  solutioa  being  flnollj  neutnlUed  «^ 
amUKiuia  if  it  baa  becoma  Bcid.  The  second  piecipitatfi  thus  obtained  |t^ 
lected  oo  a  verj  small  filter,  the  filtrate  being  used  to  transfer  the  pied^B  . 
paper,  and  the  prodpitata  receiviag  onlj  five  or  six  washing*  with  hot  wal«r.  ._ 
matter  of  precaution,  the  filtrate  and  washings  inaj  he  OTaporatsd  a  third  tim*  in  it 
salt-bath.  The  precipitates,  with  their  papers,  are  then  burnt  at  a  low  red  bsMUi 
platinum  basin,  and  the  Deatralising  power  of  the  ash  detonained  bj  n 
treatment  with  standard  hydrochloric  acid  and  alkali. 

The  [blloving  method  fbr  the  estimation  of  citric  and  tartaric  ftcid,  &«•  01  oa 
biaed,  is  giren  bj  E.  Fleischer  {AnA.  Pharm.  [3].  t.  B?)  ;— 

1.  Wlien  tht  two  Aoidiare  prtMHt  in  a  ligitid  in  iKe  free  itaU  er  et 

MkalU. — The  solution,  if  necessary,  ia  acidified  with  aceticadd.  and  potaoaiomie 
added  in  excess,  together  with  an  amount  of  alcohol  of  9Q'  eqoal  to  twice  tt 
of  liquid  operated  Bpoo  ;  after  an  hour's  standing  the  precipitate  of  pcdaannn  . 

B  filtered  off  and  dissolved  in  hot  water ;  and  the  acid  is  eatimated  b;  n 

standard  soda  or  ammonia  solution.  To  the  filtiate  bom  the  precipitated  polsMin  ' 
tartrate  a  solution  of  basic  lead  acetate  is  added  :  the  precipitate  of  leaddlnu  it 
collected,  afl«r  a  while,  on  a  filter,  washed  with  a  mixtore  of  equal  volnmesof  elobd 
and  water,  and  removed  to  a  beaker,  in  wiiich  it  is  suipeoded  in  tratei ;  and  isl[tit- 
retted  hydrogen  is  passed  through  this  mixture.  When  the  lead  is  complstaly  n- 
moved,  the  liquid  is  filtered,  boiled  to  cipel  sulphuretted  hydiogen,  and  tltnlrf  J 
irith  soda-solution.  This  method  is  appbcahle  in  the  presence  of  metAls  vbich  H 
precipitated  by  Eu1phnrett«d  hydrogon  from  an  acid  solntioii,  provided  that  oo  x' 
but  acetic  (ia  addition  to  tho  two  to  be  estimutod)  be  present. 

2.  Wktn  AeidM  other  than  Acftir.  and  Batr-i  oikir  than  tit  AllcalU,  t 
wly  tiui  batgt  atforni  solvUc  compMindt  uiitA  the  acids  promt. — U  m  .  «■ 
able  by  sulphurettot  hydrogen  ore  present,  these  ore  removed  (qdc,  att«r  adddt 
of  sodinm  acetate),  tha  precipitated  snlphides  being  washed  with  hot  water  «( 
*  little  acetic  acid .  lo  the  filtrate  excess  of  lead  acetate  is  added ;  tha  f 
after  being  washed  with  a  mixture  of  2  vols,  of  alcohol  and  I  vol.  of  « 
moved  to  a  beaker :  and  ammouia  (free  from  carbonate)  is  added.  The  tfflltisK. 
which  DOW  contains  lead  tartrate  and  citrate,  is  eeparated  fmia  the  inaolaUe  PM> 
[which  is  washed  with  dilate  ammonia).  To  the  filtrate  ammomnm  gtMa£k 
added,  then  a  little  acetic  add.  and  the  liquid  is  bailed  until  all  sglpharettad u^uget 
is  removed.  After  filtering  off  the  precipitated  lead  sBlphide.  patassinm  aeeuu  itt 
two  volumes  of  alcohol  are  added  to  the  filtrate,  and  the  precipitate  of  liriteiiiiB 
tartrate  ia  treat«d  as  already  descrihed.  In  the  filtrate  citric  acid  is  teOmUiri  M 
above  ;  but  if  the  original  liqoid  contained  hydiochlonc  add,  a  6m»ll  quanti^  of  da 
acid  will  be  fcuad  in  this  filtrate,  in  which  case  culdnm  chloride  ii  •■•--■ 
alcoholic  liquid,  folloved  by  the  addition  of  ammonia ;  the  precipil 
dtrate  is  collected,  washed  with  alcohol,  and  dissolved  in  acetic  acid  ;  ai 
is  precipitated  with  leadacetate.  The  rest  of  the  pioceBs  is  the  same  ai 
described, 

3.  Wim  Lime  and  PioipAoric  acid,  betida  the  for/^mj  Bata  and  A 
ant. — After  the  removal  of  the  metals  preeipilabis  by  sulphuretted  hjl^ 
nium  acetate  in  excess  is  added  to  the  filtrate,  which  is  heated  to  boilin 
and  the  fQLrate.  when  cold,  is  precipitated  with  lead  occtal 
treated  with  animunia,  whereupon  lead  citrate  and  tartrate  paes  into 
remainder  of  the  process  is  the  same  as  that  before  described. 

That  part  of  the  pr^ipitste  by  load  acetate  which  is  insoluble  i 
treated  with  caustic  soda,  ammaninm  snlphide  is  added,  then  a  small  qomltC 
acetic  acid,  and  tha  liquid  is  bailed  and  Sltercd.  The  filtrate  is  divided  into  4 
pcrtioDS  :  in  one  part  eulphnric  acid  is  estimated,  in  another  oxalic  acid,  ai 
third  phosphoric  add. 

Etlimalion  of  Tarlarie  and  Citric  acide  in  the  Juice  nf  Fraila. — The  jolts,  li 
being  clarified  as  for  at  pDKii\i\e,\a'fT<i£vp\\iAe^'«\\^\«&^  aJs^tAVq  -,  >^  «t<9<wMll 
collected,  washed  with  iiqueous  aVcoVtA  VreiiViA  irSvV  eiteaavA  an«t««a»,  w&.'^j 
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filtered ;  ammoninm  sulphide  is  added,  then  lead  acetate ;  and  the  precipitated  lead 
ralphide  is  remoTed  by  filtration.  Tartaric  acid  is  removed  as  potassinm  tartrate ; 
ealdum  chloride  and  ammonia  are  added — together  with  a  little  alcohol — to  the  filtrate ; 
the  precipitate  is  washed  with  boiling  lime-water  in  order  to  remove  calcium  malato ; 
the  residue  is  then  dissolved  in  acetic  acid;  the  liquid  is  precipitated  with  lead 
acetate ;  and  the  citric  acid  estimated  as  already  described. 

Ettimaiion  of  the  7\do  Acids  in  Insoluble  Substances. — Crude  argol  is  boiled  in 
dilute  nitric  acid.  Ammonium  oxalate  is  added  in  excess,  and  the  liquid  filtered 
iHiile  hot ;  to  the  filtrate  potassium  acetate  and  alcohol  are  added.  To  determine 
the  citric  acid  in  calcium  citrate,  the  substance  is  dissolved  in  acetic  acid,  precipitated 
with  lead  acetate,  and  the  acid  estimated  in  this  precipitate.  If  both  acids  are  pre- 
vent as  calcium  salts,  the  substance  is  dissolved  m  nitric  acid,  the  solution  precipi- 
tated with  lead  acetate,  and  the  precipitate  treated  as  already  described. 

A  method  of  estimating  the  amount  of  tartaric  acid  in  commercial  citric  acid, 
agreeing  essentially  with  that  of  Fleischer,  is  given  by  A.  H.  Allen  {Pharm.  J,  TVans, 
[3]»  vi.  6  ;  Jahresb.  1875,  968). 

On  the  Adulterations  and  Impurities  of  Citric  and  Tartaric  Adds,  and  on  the  pre- 
cautions to  be  observed  in  testing  for  these  acids  by  means  of  a  potassium  salt,  see 
A.  H.  Allen  {Ckem,  News,  1876,  xxxii.  277). 

Jetton  of  Sodmm  on  Citric  acid. — Kammerer,  by  treating  an  alcoholic  solution  of 
dehydrated  citric  acid  with  sodium,  obtained  a  product  which  he  regarded  as  hydro- 
*!Urie  acid,  C*H>*0'  {\st  8i^.  473).  According  to  Claus,  however  {Deut.  Chem.  Ges. 
Ber.  viii.  165),  this  supposed  acid  has  no  existence.  When  sodium  acts  on  citric  acid 
in  the  manner  just  mentioned,  no  hydrogen  is  added  on  to  the  citric  acid,  the  quantity 
evolved  as  gas  being  equivalent  to  that  of  the  sodium  dissolved,  and  the  whole  of  the 
citric  acid  originally  present  in  the  solution  being  recoverable  from  it  after  the  action 
is  over.    Kammeror's  so-called  hydrocitric  acid  was,  in  fact,  nothing  but  citric  acid. 

Action  of  ffydroekhrio  acid, — Citric  acid  heated  with  concentrated  hydrochloric 
acid  to  140^-160^  partlv  becomes  syrupy  and  uncrystallisable,  and  is  partly  converted 
into  aconitic  acid,  and  at  190^-200^  int^  d iconic  acid,  O^H^'^O',  with  separation 
of  carbon  monoxide  and  dioxide : 

2C«H»0'  =.  C»H>»0«  +   CO   +  2C0«  +   3HH) 

(Hexgt,  J.f&r  Chem.  [2],  viii.  372). 

Oltrates.  Normal  Irismuth  citrate,  CH^CBi,  is  obtained  by  heating  10  pts. 
basic  bismuth  nitrate,  with  7  pts.  crystallised  citric  add,  and  30-40  pts.  water  for  a 
few  minutes,  till  a  drop  of  the  mixture  mixed  with  aqueous  ammonia  forms  a  dear 
eolation.  The  crystaUine  mass  is  then  to  be  treated  with  8  or  10  times  its  bulk  of 
irater,  the  solution  decanted  after  some  time,  the  crystalline  predpitate  washed  8  or  4 
times  in  a  similar  manner,  and  then  dried.  On  dissolving  this  salt  at  a  gentle 
heat  in  aqueous  ammonia,  and  leaving  the  solution  to  cool,  a  crystalline  mass  is 
obtained,  which  has  the  composition  C'H^O'Bi-f  3NH^0H-C^K)'(NH«)*.Bi(0H)*, 
and  retains  its  solubility  in  water  after  drying  over  the  water-bath. 

Normal  ferric  citrate  unites  with  ammonia  in  like  manner,  forming  the  salt 
CHK)^(NH«)>.Fe(OH)'.  In  addition  to  the  green 'normal  ammonio-ferric  dtrate, 
(C^»0')«Fe(NH«)»,  there  are  also  two  acid  double  salts,  vis.  {C^»0')«.Fe(NHVH  and 
(C*HK)')^e(NH«)H',  which  are  likewise  green.  With  excess  of  ammonia  all  three 
give  brown  solutions,  which  recover  their  green  colour  but  sloidy  when  treated  with 
citric  acid.  By  acting  on  normal  ferric  dtrate  with  the  salt  C<HK)^(NH«)*JBi(OH)', 
the  double  salt  (C«HK)»)'Fe(NH«)".Bi(OH)«  is  formed,  the  light  green  solution  of 
which  remains  dear  when  acidulated  with  citric  or  with  nitric  add  (B.  Bother, 
Pkarm.  J.  Ihms.  [3],  vi.  764). 

Cmrio  mOkmru  (Hunaus,  Deut.  Chem.  Ges.  Ber.  ix.  1749).  Trimethylie 
citrate,  CH*(CH')'0^ — ^produced,  together  with  the  two  add  ethers,  which  are 
difficult  to  separate  from  it,  by  saturating  a  solution  of  citric  acid  in  methyl  alcohol 
with  hydrochloric  acid  gas  (i.  1001) — forms  hard  crusts,  like  milk-sugar,  and  separates 
firom  dilute  solutions  in  wdl-defined  tridinic  crystals  melting  at  78*6^-79°.  It  boils 
at  283^-287^,  and  is  at  the  same  time  partly  resolved  into  water  and  trimethylie 
aconitate,  (>»H»rCH«)»0«,  boiling  at  270°-271^  By  boiling  trimethylie  citrate 
with  a  quantity  of  potash  not  suffident  for  its  complete  decompontion,  no  salt  of 
dther  of  the  acid  citric  ethers  is  formed,  but  a  portion  of  the  neutral  ether  is  con- 
verted into  neutral  potassium  dtrate. 

Phosphorus pentachloride  conyertB  trimethylie  dtrate  into  trimethylie  mono- 
chlorotricarballylate,  C»H»*C10««=C»H*C1(C0.0CH«)«,  which  separatee,  on 
pouring  the  product  of  the  reaction  into  ice-cold  water,  as  a  thick  colouxlen  q\1,  «s»1 
ti9  resolved  by  beat  into  bydrochloric  acid  and  trimethylie  aooxnloXe, 
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Soiiiaia  stctB  Bl.roDgl}' on  IrimeUijlii;  fitnite;  but  the  product  tnaMl  «ilk  N 
brumide  7ield»  nothiD^  buL  suJiiini  LromiJo  nad  rennoiiB  pnxlufti. 

rrime(Ai(Iic^cj.(i(I<.i(f-n(cC"H"0'  =  CH'(OCH'0).(COOCH')'.obUiad 
boBting  trimethylic  cItroU  un  the  water-bath  witb  1  tDol.  gf atyl  fhlonda,  U  ■  «ida_ 
li>M  liquid  boiling  al.  280^~3H2°.    On  builing  il  vitli  1  mof.  aodiam  alfajUla  id  I 
almlute  nlcohol.  sudium  ruretato  ae{)anu.(«  out.  nnd  the  fUtmta  when  «TBpoiU«t  tantv 
H  Tiacid  uDcrjstalli sable  mnsa,  y ieldiiig  by  gnpoDiflcUJoi]  nolhiug   bat,  m  "* 

(ttonSua). 

Ethylie  Citrates  (Clan*  »,  Eoonne&hrt,  Drul.  Chrm.   Grt.  Str.  riU.  : 
Triethjlic  citrate,  if  porfectlj  ADliydnins.  is  ttot  acted  opoii  \ij  todm 
ereo  if  it  be  dilntoi  vitb  ether;  but  on  adding  water  bj  drapa.  a  i 

resuldDg.  hoirevar,  not  iq  the  reiluction  of  the  citric  acid,  but  in  th        ,     

one  atiiyl-group  afloc  anothar  bj  Bodium.  according  to  ttie  quanti^  of  mMr  *___ 
When  the  reaction  is  oiror,  it  ia  best  Ui  add  ether,  aeporate  the  mercniy,  and  *f^Ult  I 
llie  turbid  ethereal  Bolution  with  an  equal  volume  of  water.    The  nnallated  nnUit  I 
L-itric  L'ther  then  remaina  id  the  ethereal   lajer,  and  the  aodium  salte  of  cilniv  ua.   I 
tthylcitric  and  diethjlcitric  acid»  pass  into  the  aqueous  solution.     Thia  aglaliu  ' 
to  be  eTaporated  to  drjuveB,  and   the  reaidue  exhiiUBled  with  nroog  aleobAt.  *b 
diesolTea  the  whole  of  the  aodium  diethyl citrsle,  and  part  of  the  leu  aolubkBi 
Dthylcitrate,  these  Baits  being  afterwards  Boperalcd  bj  tbeir  difierant  ■■ 
alcohol.   Thsrcsidoe,  JDaolitUa  in  alcobol.  ta  diasolred  ia  i    ' 
precipitated  by  lead  nitrate,  the  easily  soluble  monstJijIdt 

MoBBthjlcitric  aoid,   C'H'(CH>)0'  =  CH'(OC?H').(00'H)'.  i 

fan-shaped  groups  of  thin   priams  with  Irancuted  end-fMea,     It  dilM 
alcohol  and  ether,  and  when  boiled  witb  eiceas  of  potash-ley  yields  a  diatUUvvL 
distinctly  eihibilB  Lieben's  alcohol  reactioD  (pioductiou  of  iodoform  by  li»«iif^g  ^ 
iodine  and  pot»sb.  lat  Saj^I.  593).    The  aadiaJa  salt  forms  tranaparent,  BUMtly  w 
deBued  prisnui,  which  easily  deliquesce  when  exposed  to  the  air,  and  nro  eitf 
soluble  ID  water.    The  solution  is  not  precipitated  by  bariom  chloride  iv  lekd  ac 
but  on  heatiag  it  with  caustic  baryta,  alcohol  ia  formed,  and  baiinio  ratralA  *a 
out.    The  silvtr  salt  dissolfes  readily  in  water,  and  may  be  GTystaUised  the 
without  much  deromposition,  in  rhombic  t*bleto.    By  proloDged  boiluig  lh«  s 

rednced,  but  DOt  in  Epecnlar  form.  The  baritim  taJt  (atepUke  groaps  «(  c 
and  the  Uad  tali  (an  indistinctly  crystalline  mass)  are  very  soluble  ir  — '^^ 
compose  at  100°,  with  fbrmatlou  of  alcohol  and  citric  acid. 

Diethylcitric  acid,  CH'(OC'H')'(CO=H)',  appeaM  to  b. 
ledium  salt  >a  deliquescent  and  easily  BQlnble  in  alcohol.     The 
ars  easily  soluble  hygroscopic  syrnpy  masses,  which  by  prolonged  beating  •! 
resolTcd  into  alcohol  and  the  corresponding  citFatoB. 

CUorooltric  acta.  CH'CIO^,  is  obtained,  not  directly  &om  citric  acid,  hitri 
the  action  of  hypoi^hlorouB  acid  on  asonitic  acid  in  oqaeous  solution.      It  ia  sclahUla 
water  and  in  cttaer,  aucijstallisablo,  and  has  consequently  not  yet  been  obtained  pt 
It  JB  easily  decompoBible.  and  when  heated  with  water  yields  hydrochlor 

uxycitric  acid.     When  impure  chlorociCric  acid  (still  cootainlog  aeon 

sulgected  to  tbe  redneing  action  of  sine  and  hydrochloric  acid,  a  crystalliBBMo  pi 
ia  formed,  whiah  appears  t«  be  a  miiture  of  citric  and  triiarlallylic  acids  (Paw 
Lua^t  AnnaUn,  clxxriii.  160). 

OiTottriCMid,0'H'0"  =  0'H'(0H)'(C0'H)'  (Pawolleck, foe.  rit.)  Foims^J 
just  mentioned,  by  decomposition  of  cbloFocitric  acid.  It  is  prepared  by  diudTn) 
174  grams  of  aconitic  acid  in  b  liter  of  water,  adding  sodium  carbonate  KntQ  tl 
solution  is  slightly  alkaline,  and  then  a  liter  of  hypochlorauB  acidcoDtainiog  5j  gn 
of  HCIO.  When  tbe  smell  of  hypochloroua  acid  has  disappeu^,  the  reqaind  qi 
tity  of  hydrochloric  add  is  added,  the  solution  is  eTsporaled.  and  the  residue  ezhn 
with  ether-alcohol,  which  is  diftittcl  off.  The  reaidue  is  then  dissolTcd  in  wi 
aad  the  solution  heated  with  milk  of  lime  until  the  bulky  precipitate  I 
granular-  The  caldum  salt  is  decomposed  with  aulphuric  acid,  the  free  a„ 
Boked  in  alcohol,  and  after  the  excess  of  aulphuric  acid  has  been  remorsd  bj  h 
the  alcohol  is  evaporated,  and  the  dark  residue  purified  by  predpitnting  its  fol 
with  lead  acetate,  and  decomposing  the  lead  salt  with  hydrogen  aitlphide. 

O^^dtric  acid  does  not  ciystallise,  but  fbrms  a  viicid  deliqaeecent  nuus. 
agreeable  sour  taste.    It  is  a  tribasic  acid — that  is  to  say,  it  oontains  three  c 
groups  CO'U  ;  but,  like  citric  acid  and  other  similar  ad     . 
metallic  salts  by  substitution  of  a  metal  for  hydrogen  in  aneof  thealcohoUc  Ir 
"^    "j-dtratec  otaDuli-meUHotnA-crgfliiCKiw. 
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The  eaieium  m^  (OfE^O^K^*  +  9HK),  is  a  balky  amorphous  precipitate,  which 
on  heating  changes  into  microscopic  needles,  and  dissolves  readily  in  dilute  acetic  acid. 

The  bttrium  salt,  (C*H*0*)*Ba' +  6H'0,  is  an  amorphous  white  powder,  which 
when  heated  with  water  becomes  granular,  and  is  even  less  soluble  than  the  calcium 
■alt. 

The  cadmium  8alt,  (0*H«0*)K)d«+  6HK),  behaves  like  the  other  salts,  the  amor- 
phons  precipitate  changing  on  heating  (very  quickly  at  130°)  into  microscopic,  trans- 
parent, rhombic  plates. 

The  ccmper  ialt,  (G^H)")^*+«HK),  is  very  freely  soluble  in  water,  and  does 
not  eiyitaUise.    Alcohol  precipitates  it  as  a  pale  greenish-blue  powder. 

The  gthulie  ttker,  C*HK)*(C*H*)>,  is  obtained  by  the  action  of  hydrochloric 
add  on  an  lucoholic  eolation  of  the  aciid.  It  is  a  dark  yellow  oil  having  a  very  bitter 
taste. 

mtroeltHo  Mld»  G«H^(NO')0^  (Champion  a.  Pellet,  BuU.  8oc,  Chim.  [2],  xxiv. 
449).  ^^his  add  is  formed  by  graaually  adding  dehydrated  dtric  add  to  a  miztpre  of 
1  pi.  fuming  nitric  add  and  2  pts.  sulphuric  add.  If  the  solution  is  concentrated, 
the  nitro-acid  separates  in  crystals  after  a  few  davs.  The  mixture  is  (toured  into  an 
escess  of  water,  rise  of  temperature  being  avoided ;  the  sulphuric  acid  is  removed  by 
barium  carbonate ;  the  filtrate  saturated  with  alkaline  carbonate  and  precipitated  by 
ezoeis  of  triplumbic.acetete ;  and  the  washed  predpitete  is  decomposed  by  hydrogen 
flolphide.  Or  the  solution,  after  being  freed  from  sulphuric  ado,  is  saturated  with 
bazyta,  whereby  a  predpitete  of  nitrocitrato  and  nitrate  of  barinm  is  produced ;  the 
latter  salt  is  removed  hy  washing  with  water,  and  the  nitrocitrato  is.  decomposed  by 
die  exact  quantity  of  sulphuric  acid  required  to  remove  the  barium. 

Scdntions  of  nitrodtnc  acid  must  not  be  too  much  concentrated  by  evaporation,  or 
they  will  decompose  even  in  a  vacuum.  The  acid  is  insoluble  in  ether,  but  alcohol 
^nolves  it  in  aU  proportions.  The  alkali  mIU  are  crystallisable.  The  barium  salt 
has  the  composition  [C•HXNO»)0^«Ba« ;  the  lead  $aU  [C«H«(NO«)On«Pb«. 

Ftbocitbic  Acids,  C^H^O*. 

Formaium, — ^The  normal  product  of  the  decomposition  of  aoonitic  acid  by  heat 
is  itaeonic  acid ;  all  other  producte  obtained  in  tne  dry  distillation  of  dtnc  add 
are  formed  by  secondary  reactions.  At  very  hish  temperatores,  or  after  prolonged 
heating,  the  cnief  product  is  citraconic  anhydride,  which,  indeed,  has  long  been 
known  to  result  from  the  action  of  heat  on  citraconic  and  itaeonic  adds  (i.  994); 
mesaoonic  add  undergoes  the  same  decomposition  at  ite  boiling  point  (260^).  On  the 
other  hand,  a  temperature  of  100^-175^  appears  to  be  favourable  to  the  formation  of 
itaoooic  add,  as  in  Willm's  process  for  preparing  that  acid  from  citraconic  acid 
{1st  Sumd,  760).  When,  however,  a  concentrated  solution  of  itaeonic  or  citraconio 
add  is  heated  to  180^-200°,  the  liquid  is  found  to  contain  a  considerable  quantity 
of  mesaeonic  acid,  carbon  dioxide  and  an  empyreumatic  oil  being  formed  at  the 
same  time  (Th.  Swarts,  Bull.  Acad.  RoyaU  Belgique  [2],  xxxvi.  No.  7  [1878]). 

EUetrclytia. — ^When  a  solution  of  potssdum  citraconato  is  subjected  to  the 
aetioD  of  the  voltaic  current,  carbon  dioxide  is  given  oiF  at  the  podtive  pole,  together 
with  ordinary  allvlene,  CH* — C^CH,  which  predpitates  silver  and  copper  solutions. 
The  electrolysed  liquid  appears  to  contain  acrylic  and  mesaoonic  adds.  Mesaeonic 
add  likewise  yields  by  electrolysis  an  allylene  which  precipitetes  silver  solution,  the 
other  producte  being  apparently  itaeonic  and  acrylic  acids.  Itaeonic  add,  on  the  other 
hand,  yields  /3-allylene  or  allene,  OH*=C=CH*  (p.  62^  which  does  not  predpitete 
silver  or  copper  solutions  (Aarland,  J.  pr.  Chem.  [2],  viL  142,  146). 

Jetiom  of  Zinc-dust.—^itnk-,  ite-,  and  mesaeonic  adds,  subjected  in  alcoholic 
solution  to  the  action  of  dnc-dust,  are  converted  into  ordinary  pyrotartaric  acid, 
itaeonic  add  less  quiddy  than  the  other  two  adds.  The  same  transformation  is 
ellected  by  sodium-amalgam  (Bottinger,  Deut.  Chem.  Get.  Ber.  ix.  1821). 

Addition^ro ducts  and  Constitution  of  the  Pyrocitric  ^ct<^s  (Fittig, 
Litkkt9  Annaien,  dxxxvii.  42  ;  Deut.  Chem.  Ges.  Ber.  x.  513). 

Cntxaoonicadd  and  ite  anhydride  dissolve  readily  in  faming  hydrobromic  add,  and  in 
the  course  of  a  few  days  are  converted  into  hard,  shining  monoclinic  ciystels  of  ci  tr  a- 
bromopyrotartaric  aoidmdtingat  148®.  On  prolonged  boiling  of  ite  aqueous 
tolption,  this  substance  gives  off  the  whole  of  ite  bromine  as  hydrogen  bromide,  and 
is  veeolved  into  methacrrlic  and  mesaeonic  acids :  in  alkaline  solution,  it  is  deoom- 
poaed  much  more  rapidly  on  warming,  jrielding  almost  excludvely  methacrylic 
add: 

^^•^Kcalajra  "  C>H»-.CO-ONa  +  NaBt  +  QQK 
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together  ^th  a  heavy  yellowish  green  oil  consisting  chiefly  of  a  mixture  of  triehlo- 
robntyric  acid  and  an  indifferent  substance  of  penetrating  odour ;  a  further  qnaotity 
of  this  oil  is  obtained  by  adding  hydrochloric  acid  to  the  aqueous  supernatant  liqmr 
and  heating  in  a  retort  to  100^,  whereupon  a  distillate  of  water  and  the  oil  skmly 
passes  oyer.  By  neutralising  with  soda  and  treating  with  ether,  the  indiffuwnt  body 
IS  removed,  and  by  acidulating  the  sodium  salt  and  exhausting  with  ether,  the  tri- 
chlorobutyric  acid  is  obtained  as  a  yellowish  oil  from  which  the  pure  acid  can  be 
obtained  b^  careful  distillation  at  a  low  temperature  and  concentration  over  snlphime 
acid;  addition  of  a  fragment  of  acid  already  crystaUised  to  the  rasnlting  oil, 
causes  it  to  ciystallise,  the  crystals  melting  at  60^.  Even  at  this  tempentazt 
it  volatilises,  subliming  in  elistening  needles  if  the  atmosphere  is  free  from  moistixe; 
at  140^-146^  it  becomes  yellow,  and  evolves  bubbles  of  gas.  The  ammonium  and  Utd 
salts  oystallise  well.  Heated  to  1 00°  with  strong  bases  the  acid  is  resolved  into  hydro- 
chloric and  dichlorocrotonic acids,  C^H'Ol'O' = HCl  +  C^H^QH)*.  The  dichloioeroCoiue 
acid  thus  obtained  is  volatile,  ciystaUises  by  sublimation,  or  from  a  hot  aqueous  solvtioB 
in  long  needles,  and  melts  at  a  gentle  heat  (Gk>ttlieb,  J.  pr.  Chem.  [2],  xii.  1). 

The  action  of  chlorine  on  sodium  citraconate  has  been  furtner  studied  Inr 
Morawski  (f6i(2.  xii.  369),  who  finds  that  the  formation  of  trichlorobutyrie  add  u 
independent  of  that  of  the  indifferent  oil,  since  the  solution  of  sodium  cttiaeootte 
saturated  with  chlorine  to  a  certain  degree,  yields,  on  addition  of  hydroehlone  acid,  aa 
oily  precipitate  of  pure  trichlorobutyric  acid  completely  soluble  in  aqueous  iodiiB 
carbonate.  The  production  of  trichlorobutyric  acid  is  due  to  the  previous  fozBttioB 
of  monochlorocrotonic  acid,  which  is  converted  into  tridilorobutyric  acid  I7 
addition  of  1  mol.  chlorine.  The  monochlorocrotonic  add  may  in  fact  be  isolated  by 
arresting  the  action  of  the  chlorine  at  a  certain  stage,  and  separates  in  slender  silkj 
needles  melting  at  58*5** ;  it  is  identical  with  that  which  Gottlieb  obtained  by  u!Qs% 
on  the  same  trichlorobutyric  acid  with  zinc-dust  and  hydrochloric  acid  (see  Csoroxic 
acids),  and  is  formed  by  decomposition  of  citradichloropyrotartaric  add,  which  is  tht 
first  product  of  the  action  of  chlorine  on  sodium  dtraconate. 

The  indiflSwent  oil  which  is  usually  formed  to^^ether  with  the  trichlorobutyric  add, 
consists  mainly  of  trichloracetone,  if  the  action  of  the  chlorine  has  been  carried 
far  enough ;  in  the  contrary  case  lower  chloracetones  are  formed.  The  trichloriMCoiw 
thus  obtained  is  reduced  by  sodium-amalgam  to  acetone,  and  is  resolved  by  treatBstt 
with  the  calculated  quantity  of  barium  hydrate  into  acetic  acid  and  chloroform : 

C«H»C1«0  +  H»0  =  C«HK)2  +  CHa». 

According  to  the  last  reaction,  it  is  identical  with  the  trichloracetone  which  Kiimer 
obtained  by  the  action  of  chlorine  on  the  mixed  products  formed  by  oxidising  oooi* 
mercial  isobutyl  alcohol  with  chromic  acid  mixture  (p.  25).  It  is  a  colourless  veiy 
mobile  oil,  the  odour  of  which  is  not  unpleasant,  but  becomes  sharply  pungent  00 
heating.  It  is  not  quite  insoluble  in  water,  but  the  solution  becomes  turbid  at  the 
heat  of  the  hand.  In  thin  layers  it  volatilises  at  ordinary  temperatures.  It  disMlva 
in  strong  hydrochloric  acid,  and  separates  unaltered  on  dilution. 

The  series  of  actions  taking  place  when  chlorine  is  passed  into  a  solutioD  ctf 
sodium  citraconate  may  be  represented  by  the  following  equations : 

(1.)  OH^Na^O*  +   Cl^  =  C*H<Na«Cl«0«. 

Sodium  Sodium  citiudichlofo* 

citraconate.  pyrotartimte. 

(2.)  C*H*Na«aK)*  =  C*H^aC10»  +   NaCl  +   C0«. 

Citmdichloro-  Monochloro- 

IQTOtartrate.  crotonate. 

(8.)  C«H*Na«ClH)*  +   H«0  =  NaCl   +   C*H«NaaO». 

Citradidiloro-  Acid  monochloro- 

pyrotartrate.  citramalatc. 

(4.)  OH<NaC10«  +   C»H-NaC10*  =   C*H»C10=  +   C»H*Xa«C10». 

Ohlorocrotonate.  Acid  cfaloro-  Chlorocro-  Chlorocitra- 

citramalats.  tonic  acid.  malAt«. 

(o.)  C*H»C10»  +   CI2  =   C*H*C1«02. 

Chlorocro-  Trichloro- 

tonic  acid.  butyric  acid. 

(«.)  OH»Na«aO»  +   Cl»  =   C«H*C10  +   2NaCI   +   2C0*. 

Ghlorocitra-  Monochlor- 

malate.  acetone. 

(7.)  c»n»cvo  -V  cv  -  e*wc\^ci  ^  *i%c\. 

Mfti\ocb\ot-  ttV:^\cn:- 

acetone.  «jc»\.ottft. 
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Chlorocitraconic  Anhydride,  C*H'C10",  is  formed,  together  with  water,  by 
the  action  of  heat  on  chlorocitramalic  acid,  and  is  most  conveniently  prepared  by 
heating  20-30  grams  of  that  acid  in  a  retort  placed  in  an  air-bath.  The  anhydride 
then  sublimes  in  the  neck  of  the  retort,  and  may  be  t^en  oat  from  time  to  time, 
freed  by  exposure  to  the  air  from  small  quantities  of  a  strongly-smelling  substance 
which  adheres  to  it,  and  purified  by  repeated  sublimation. 

Chlorocitraconic  anhydride  crystallises,  like  the  corresponding  bromine-compound, 
(2nd  Suppl,  349),  in  shining,  colourless,  crystalline  lamina.  It  has  an  agreeable 
aromatic  odour;  melts  at  100°,  sublimes  at  a  lower  tem^rature,  and  gradually  dis- 
appears on  exposure  to  the  air.  It  dissolves  very  slowly  m  cold,  more  quickly  in  hot 
water,  being  oonyerted  thereby  into  the  acid,  easily  in  alcohol  and  in  ether.  On 
OTaporating  the  aqueous  solution,  the  acid  Tolatilises  almost  completely  with  the 
aqueous  vapour,  so  that  very  little  of  the  anhydride  is  left.  The  ethereal  solution,  on 
the.other  hand,  leaves  on  eyaporation  an  oil,  which  when  touched  solidifies  to  the 
crystalline  anhydride. 

Chlorocitraconic  acid,  C*H*C10\  is  not  known  in  the  solid  state;  it  is  con- 
verted by  nascent  hydrogen  into  pyro tartaric  acid,  C^H*0^ 

The  metallic  chlorocitraconates  are  not  decomposed  by  boiling  with  water,  or  during 
the  evaporation  of  their  aqueous  solutions.  The  ammonium  salt  is  easily  soluble  in 
water,  and  crystallises  in  needles,  The  sodium  salt  is  very  easily  soluble,  and  crys- 
tallises only  from  very  concentrated  solutions.  The  barium  salt,  C^H'ClO^Ba  -f  3AHH), 
is  obtained  as  a  precipitate  sparingly  soluble  in  water;  it  dissolves  in  aqueous  chloro- 
dtraoonic  acid,  forming  an  acid  salt  which  crystallises  in  shining  needles.  The 
calcium  s(dt,  C^H*C10*Ca,  forms  microscopic  nodules  slightly  soluble  in  water,  less 
soluble  in  alcohol.  The  Uad  salt,  C*H*C10^£b,  is  a  white  amorphous  precipitate. 
Hie  silver  salt,  C*H*C10^Agf,  is  slightly  soluble  in  cold,  easily  in  hot  water,  and 
separates  from  this  solution  in  small  crystals.  It  dissolves  also  in  the  aqueous  acid, 
and  is  thereby  converted  into  an  add  salt,  O^H^ClO^Af ,  which  crvstallises  in  shining 
colourless  prisms,  more  soluble  than  the  neutral  salt  (Gottlieb,  J.  pr.  Chem.  [2],  vii. 
73 ;  Swarts,  BuU,  Acad,  royal.  Belgique  [2],  xxxiii,  no.  1  [1872]). 

dtnunalle  Aoiai  C*H*0*.  This  acid,  homologous  with  malic  acid,  was  dis- 
covered by  Carius,  who  obtained  it  by  the  action  of  zinc  on  an  aqueous  solution  of 
chlorodtramalic  acid,  C^H^CIO*,  the  product  of  the  action  of  hypochlorous  acid  on 
citraconic  acid:  C»H«0* -H  HCIO  =  C»fr C10»  {\st  Suppl.  471),  or  of  chlorine  on  sodium 
dtraconate  (see  last  page).  A  10  per  cent,  solution  of  the  chlorinated  acid  is 
heated  with  metallic  zinc  as  long  as  gas  continues  to  escape,  then  neutralised  with 
ammonia  and  predpitated  by  lead  acetate,  and  the  well-washed  precipitate  is  decom- 
posed by  hydrogen  sulphiae.  The  filtrate,  after  decolorisation  by  animal  charcoal, 
leaves  pure  citramalic  add  (Carius,  Ann.  Ch.  Pkarm.  cxxix.  164).  This  acia  is  also 
formed  by  the  action  of  hydriodic  acid  on  oxydtraconic  acid,  C*H'0^(MorawBky,  J.  pr. 
Chem.  [2],  xi.  69). 

Citramalic  acid  forms  an  amorphous  deliquescent  maM,  which  melts  above  100°, 
and  is  decomposed  by  dry  distillation.  It  is  bibasic.  The  ammonium  salt, 
C*HH>(NH*)«,  and  the  potassium  salts,  C*H«0»K*,  are  crystallisable,  and  melt  in  their 
water  of  crystallisation  when  heated.  The  barium  salt,  C*H*0*Ba -f- H*0  (at  100°), 
dissolves  sparingly  in  cold,  freely  in  boiling  water,  and  in  the  free  acid,  and  forms 
soluble  double  salts  with  the  salts  of  the  alkali-metals.  The  Uad  salt,  C«H*0*Pb,  is 
obtained  bv  predpitation  in  white  flocks,  which  become  granular  when  boiled  with  the 
liquid.  The  silver  salt,  obtained  by  precipitation  of  the  cold  solutions,  is  amorphous, 
dissolves  in  water  at  60°,  crystallises  on  cooling,  and  is  decomposed  on  heating  the 
solution  above  60°. 

Chlorocitramalic  acid,  C^H'CIO*,  forms  shining  rhombic  crystals,  eadly  soluble 
in  water,  alcohol,  and  ether,  melts  and  partly  volatilises  at  about  100°,  solidifies  on 
cooling  to  an  amorphous  mass,  and  distils  with  partial  decomposition  at  a  higher 
temperature.  It  is  a  bibasic  acid.  The  neutral  potassium  salt,  C*H•CJlO■K^  is  crystal- 
lisable, the  sUifcr  salt,  C*BlHj[O^A^,  separates  on  treating  the  free  acid  with  silver 
acetate  in  white  dendritic  crystals  which  decompose  easily  when  heated,  with  forma- 
tion of  silver  chloride. 

C!hlorocitramalic  acid  heated  with  water  in  a  sealed  tube,  is  resolved  into  citi^a- 
tartaricacid,  C*H"0',  carbon  dioxide,  hydrochloric  acid,  and  acetone: 

2C»H'aO»  +  H«0  -  C»H»0«  +  0»H«0  +  2C0«  +  2HC1. 

OzyeltraeoBlo  AelO,  C*H*0^  (Morawsky,  J.  pr.   Chem.  [2],  x.  79 ;  xi.  430). 

This  add  is  formed,  together  with  citratartaric  add,  C^HK)*,  ^nd  tj^i^lcju^,  ^\v«iv 

cblorocitramalic  add,  its  barium  salt,  or  its  ethylic  etW,  \b  Y>o\\«3l  vv\Xv  «iys«^%  ^1 
lazjta: 

I.  L  a 
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To  preparp  oijcitraconic  acid.  moitodilrinwitnuiiBlir?  itcid  i«  diuutlvrd  in  boiliig 
water,  exceas  of  baiTtii-wtUtr  is  addod,  nlul  cho  liquid  !■  boilsd  u  lone  ■■  euta 
diozido  cootiDneB  to  rsrapo,  then  quickl;  HlUred.  Od  cooling,  il  aolidiflw  to  • 
pulp  conaisttng  of  needle-Bhaped  crfBtola  of  iHtrinm  oircitnoonats,  which  loj  b« 
collected  on  a  filUr  and  wnshed  with  cold  wat«r.  Bj  dacompusing  this  ^t  iritk 
hydrochloric  HCid,  and  iigilaling  iHth  etbiM.  tlio  free  ndd  i"  obtninHl  ■■  a  celooHiat 
cr7Bt«Uine  maas. 

OzyoitracoDic  add  cryatalliaes  from  water  in  beantiM  prisms,  which  diuolTe  mj 
ensil;  la  water,  alcohol,  sad  ether.  It  does  not  lose  weight  nt  1 00°,  but  eofttu  it 
120°-130°.  and  swells  up  M  a  spong;  iubm  (eitrata^^BTi<^  anhjdridef).  the  aqmiu 
■olutioD  of  which  exhibits  all  the  reactions  of  citnurtAric  acid.  Oi^citrMOttlr  iBid 
is  also  converted  into  citrataitaric  acid  by  beating  it  with  water  to  llO°.l!n°.  It 
does  not  roiHrt  with  ifwuiine  or  with  sodium-anuiijflm.  bat  when  huat^d  tolOO"-llo' 
in  sealed  tubes  with  excess  of  concBntratsd  hydrioSic  add,  it  is  conTorted  into  din- 
malic  acid  (p.  b\b).  Oijdtracoaic  acid  nnitoa  with  hydrerkli/Tic  acid,  (brminjchj'drii 
cblorozycitraconic  acid,  C'H'CIO*.  isomeric  with  chlorocitramalic  add. 

OxycitTBCunic  acid  is  bibasic.  forming  add  and  nentnU  salts.  The  Dentnl  oij' 
citracimatai  ai  the  alkali -metals  drj  up  OTer  oA  of  ritrial  to  tenacious  masMS.  sud  an 
grodnallj  precipitated  from  their  aqueous  solutions  by  alcohol  in  yiscid  drtro.  Tin 
amtrid  ammonium  gait.  CU^NE')'!?*,  crystalliaeii,  after  prolonged  staiuGlie  onr 
snlphnriD  add,  in  radiate  groups  of  needles.  The  ooul  aninioDiHm  Kill.  C*H'(MH')0', 
forms  microscopic  prisma,  often  with  re-entenng  auglps^  The  acid  potanium  laU 
forms  microscopic  prisms  less  soluble  than  the  free  add.  The  Hetifral  barium  wit, 
C'H<BaO' -t- IH'O,  forma  shining  Qcpdtcs,  freely  soluble  in  hot,  nearly  inaolubli  i* 
cold  water  ;  gives  off  its  wal«r  over  sulphuric  add.  It  is  not  decomposed  by  bniliof 
for  n  day  witli  water,  but  when  heated  with  water  to  120°  it  yields  first  dtratartni* 
of  barium,  then  carbon  dioxide  and  an  oily  body.  The  neatrai  itrtmlitm  mil, 
C'H'SrO' +  4H'0,  rescmblea  the  barium  salt,  but  is  more  soluble.  The  eatdum  tit 
is  very  soluble,  crystallises  in  microscopic  fiatteuMl  pyTamids.  and  is  pr 
from  aqueoni  «otatign  bj  alcohol  as  a  giannla^  powder.  TbQ  n4j)Vt'<'<ni 
coin;;,  And  vravium  tails,  dry  uptogummymaasBa.  The  foaii  Wf .  SC'H'PbO' -f  SH^O^ 
forma  silky,  very  aperingly  soluble  needles,  which  give  off  SBK)  over  anlphurie  and  ot 
at  100°.  and  begin  to  decompose  at  120°.  It  cannot  be  reccyBtaliised  from  water,  M 
it  is  thereby  partially  decomposed.  Heated  with  water  to  120°,  it  is  coDTeTt«d  inta 
citratartrate.  The  lileer  mil  is  a  white  precipitate,  which  very  qaickl;  turn*  btcm, 
and  when  boiled  with  watpr  is  immediately  decomposed,  with  separation  of  met^is 
silver  (distinction  li-om  citratartaric  acid).  The  mircuroiit  laii  is  a  white  predpitsl* 
which,  when  boiled  with  the  liquid,  tarns  gray  ond  partly  disappears. 

With  /erric  chloridt.  uentral  potassiam  oxyeitmconate  forms  a  reddi*h-bnm 
predpitate,  which  dissolves  in  excess  of  either  reagent,  and  when  bailed  with  ibt 
liquid  containing  ferric  chloride,  diaappeors  completely,  with  evolatioa  of  csrbM 
dioxide  and  a  pungent' vapour  which  does  not  redden  litmus,  the  liqnid  at  the  sans 
lime  turning  blnisli-grern,  and  being  afterwards  found  to  contain  ferrous  oiida  If 
the  predpitate  be  boiled  after  washing  with  water,  the  deFomposition-phenomMla  an 
leas  marked,  and  only  traces  of  ferrous  oxide  are  produced.  With  femnu  Mlpk» 
aodinm  oxydcroconato  doea  not  form  any  predpitate  at  ordinary  lemperBitnmi.  bat  m 
boiling  ths  liquid,  a  dark-coloured  predpitate  is  formed,  with  evoWon  of  mH«« 
dioxide.  With  chromic  aalphate,  a  wbitiah-green  precipitata  is  fonnod,  which  liksvii* 
disappears  ou  Ixiiling,  with  evolution  of  carbon  dioxide. 

Alkaline  oiycitroconates  do  not  form  precipitates  with  salts  of  alamioiun,  mis- 
ganese.  cobalt,  or  nickel. 

Hi/droehloTosyeitTaconic  acid,  O'E'CIO*.  isomeric  with  chlorodtnnalift 
add,  IB  obtained  by  heating  oxycitracouic  and  fuming  hydrochloric  acid  together  ID 
I00°-110°  for  an  hour  in  sealed  tubes.  The  nearly  colourless  liquid  th««liypiv- 
duced  deposits  the  hydrochloroiydtraeonic  acid  after  a  while  in  thin  nacreous  rhnstat 

HydrochloroxycitracoBic  add  is  easily  soluble  in  water,  and  cr^alliaes  Uunbca 
with  unusual  facility  in  fine  rhombic  tables.  It  is  very  soluble  alsii  in  sthar.  U 
inelt^  nt  I60°-I62°,  apparently  ondeigoing  decomposition.  A  solution  of  the  fraJbtf- 
propared  ammonium  salt  gi^'es  a  white  flnwnlent  precipitate  with  nUxr  nilnl^ 
followed  after  a  time  by  a  predpitate  of  silver  chloride;  and  a  bulky  white  predpitaM 
with  naitral  had  UMlflle.  soVuUo  in  bi.cbb«  of  the  acetate.  Barium  and  MfenM- 
chlorides  give  no  predpitate  at,  ftirt,  'bW:  »ft>!t  ttaiAwi^tei  wsnus  &K^«.i;nci.,'^ouait.S^ 
formed  consiating  pnrlly  fit  catljOTiatu  an!  -^rt^  l^n  VW  km*  rS.  \ft,CTM!i>  •*  sv-ps^l 
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coDate.  In  presence  of  bafies  hydiochlorozycitraconic  acid  is  mostly  decomposed,  wiUi 
complete  elimination  of  chlorine :  boiling  a  neutral  solution  suffices  to  render  the 
-whole  of  the  chlorine  precipitable  by  silver  nitrate.  This  decomposition  takes  place 
in  two  ways,  according  as  uie  base  is  present  in  excess  or  in  sufficient  quantity  only 
to  neutralise  the  acid.  Hydrochloroxycitraconic  acid  neutralised  with  baiyta-water 
yields  a  perfectly  clear  solution,  which  on  boiling  gradually  becomes  turbid,  and  at 
length  deposits  barium  carbonate,  at  the  same  time  eyolvins  carbon  dioxide  and  a 
disagreeably  smelling  substance.  After  filtration  the  liquid  contains  only  barium 
chloride  and  oxycitraconate.  But  in  presence  of  excess  of  baryta-water,  the  liquid 
remains  clear  on  boiling,  and  the  only  products  of  the  decomposition  are  barium 
chloride  and  oxycitraconate.  The  latter  decomposition  takes  place  in  a  few  hours, 
•Ten  at  the  ordinary  temperature. 

Hydrochloroxycitraconic  acid  is  readily  converted  into  ci  tramali  c  acid  by  the 
action  of  sodium^malffom.  When  submitted  to  dry  distillation  it  yields  propionic 
acid,  hydrochloric  aoid,  and  oxides  of  carbon : 

0»H'aO»  -  C0«  +  HOI  +  CO  +  0»H«0«. 

This  decompocition  differs  entirely  from  that  which  monochlorocitramalic  acid  under- 
goes when  distilled,  the  product  in  the  latter  case,  according  to  Gottlieb,  being 
monochlorooitraconic  ada,  the  carbon  nucleus,  therefore,  remaining  unaltered 
(Morawdcy,  loe,  oit.) 

dtratartario  Aeid,  0*H*0'.  This  add,  homologous  with  tartaric  acid,  if* 
formed,  together  with  carbon  dioxide,  hydrochloric  add,  and  acetone,  by  heating 
chlorodtrs^ialic  acid  with  water  in  a  sealed  tube ;  also,  together  with  oxydtracpnic  • 
acid,  when  chlorocitramalic  add,  its  barium  salt,  or  its  ethylic  ether  is  boiled  with 
excess  of  baryta- water  (p.  616);  and  thirdly,  by  boilinff  alkaline  dtramalates 
-with  water.  On  evaporating  its  aqueous  solution,  the  acid  remains  as  a  syrupy 
deliquescent  mass,  which  slowly  crystallises  on  exposure  to  the  air. 

Citratartaric  acid  is  bibasic,  its  salts  have  the  com^ition  CH'O'M'.  The 
barium  salt,  C'H'O'Ba,  separates  on  supersaturating  the  acid  with  baryta-water,  as  a 
granular  precipitate,  easily  soluble  in  hot  water,  insoluble  in  alcohol.  The  neutral 
lead  salt,  O^H'O'Pb,  is  obtained  by  predpitation,  and  separates  in  flocks  which 
become  granular  on  boiling.  Basic  lead  acetate  throws  down  the  basic  lead  salt^ 
C«H*0<Pb.FbO.  The  silver  salt,  O^H'O'Ag',  is  obtained  from  cold  solutions  as  a 
white  bulky  predpitate,  which  dissolyes  in  boiling  water  and  crystallises  on  cooling. 

ZtaoonloAold,  ^^^^^^=^^^mt__QQm'    The  following  method  of  preparing 

this  add  is  recommended  by  Meilly  (Liebi^s  Annalen,  dxxi.  163).  Coarsely  pounded 
citric  add  (120-1 30  grams)  is  distilled  £rom  shallow  retorts  filled  with  it  up  to  Uielieck, 
as  quickly  as  the  firathing  of  the  mass  will  allow ;  the  oily  distillate  separated  from  the 
water  as  completely  as  possible  (otherwise  it  is  apt  to  yield  citraconic  instead  of  itaconio 
add),  is  left  to  crystallise,  which  it  usually  does  in  the  course  of  a  night;  and  the 
crystals  are  drained  by  means  of  an  aspirator,  then  pressed  and  recirstallised.  The 
oily  filtrate,  after  heating  for  four  hours  in  a  sealed  tube  to  160°,  yielcis  an  additional 
quantity  of  itaoonic  add.  The  entire  product  amounts  to  about  16  pez  cent,  of  the 
citric  acid  used. 

Reactions  with  Hydrocyanic  Acid. — ^When  equal  parts  of  itaconic  add  and  an- 
hydrous hydrocyanic  acid  were  heated  together  to  140^-160^,  a  brown  liquid  was 
obtained,  which  when  exposed  to  the  air  till  the  free  hydrocyanic  add  had  evaporated, 
and  then  distilled,  yielded  between  200^  and  220^,  a  dark  red  oil  which  gradually 
solidified  to  crystals  of  citraconic  acid  (m.  p.  88^-89°).  The  syrup  heated  with 
sulphuric  add  in  sealed  tubes  to  120°,  yieldea  itaconic  acid  (m.  p.  160^-161°); 
and  the  same  syrup,  after  being  boiled  with  strong  potash-ley  as  long  as  ammonia 
continued  to  escape  (which  lasted  nearly  a  week),  then  acidulated,  and  extracted  with 
ether,  yielded  mesaconic  acid  (m.  p.  202°).  The  syrupy  mass  was  probably  an 
addition-product  of  itaconic  and  hydrocyanic  adds,  inasmuch  as,  when  treated  with 
soda-ley,  it  quickly  gave  off  ammonia,  even  at  ordinary  temperatures  (Barbaglia, 
Deut.  Chem,  Ges.  Ber,  vii.  466). 

Ethyl  itaconate,  O^H^OXC^H*)*,  is  obtained  by  deoompodng  silyer  itaconate  with 
ethyl  iodide.  It  is  a  liquid  boiling  without  decomposition  at  280°,  and  changing  after 
a  few  days  into  a  viscid  polymeric  modification,  which,  however,  is  reconverted  by 
distillation  into  the  original  ether,  and  like  the  latter  yields  itaconic  add  by  saponifi- 
cation. 

The  ether  (b.  p.  225°''230°)  hitherto  regarded  as  itaconic  ether,  obtained  by  igassin^ 
hjrdmgen  chloride  into  an  nlcohoVic  solution  of  iUvcoi\\c  add,  wp^eaxY^,itQTa\\x^'Vi«f^<!3u^ 
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of  saponiflcation,  to  consist  mainly  of  mesaconic  ether  with  a  small  quanti^  of  itaeonie 
ether  (Th.  Swarts,  Bull.  Acad,  royal.  Bdgique  [2],  xxxvi.  No.  7  [1878]). 

Bromitaoonic  acid,  C*H*BrO\  is  produced  bj  the  dry  distillation  of  itadihio- 
mopyrotartaric  acid,  OH'BrH)\  the  retort  being  heated  from  above  on  aoeonnt  of  the 
slight  volatility  of  the  i)roduct,  and  exhausted  by  means  of  a  Bnnsen's  aapixator,  to 
prevent  the  strong  frothing  which  would  otherwise  take  place.  The  bromitaeonic  add 
distils  over  partly  free,  partly  in  aqueous  solution,  and  may  be  purified  by  once  n- 
crystallising  it  from  warm  (not  boiling)  water,  from  which  it  separates  in  sami-opaqoe 
nodules,  or  by  slow  evaporation  in  crystals  resembling  those  of  itaoonio  add.  The 
same  bromitaconic  acid  is  obtained  by  heating  aconic  acid,  OH^O*,  with  hydxobEomie 
acid.  It  molts  with  decomposition  at  164°,  which  is  the  melting  point  of  aoonic  add;* 
dissolves  very  sparingly  in  cold  water ;  is  resolved  by  boiling  water,  or  by  alkalimi 
carbonates  into  hydiobromic  and  aconic  acids ;  and  is  converts  into  itaconie  add  by 
the  action  of  tin  or  sine  on  its  aqueous  solution  (Swarts,  Bull,  Acad,  royal  Belffiqut, 
[2],  Mxiii..No.  1,  [1872]). 

Chloritaconic  acid,  C^H^C10^  obtained  by  heating  aconic  add  with  hydro- 
chloric acid«  forms  crystalline  crusttj,  slightly  soluble  in  cold  water,  reconverted  into 
aconic  add  by  boiling  water  (Swarts). 

Oxyitaconie  acid,  C^H*0^  -  CH(0H)=C<^2«^C0«H' "*  *°""®^ ** "* *°^^ 
mediate  product  in  the  decomposition  of  aconic  acid  by  boiling  with  baiyta-water,  the 
ultimate  products  of  the  reaction  being  formic  and  succinic  acids  : 

C*H*0*  +  H»0  =  C*H«0», 

C»H«0*  +  H^O  =  CH'O*  +  C«H«0*. 

It  is  a  bibasic  acid,  forming  the  salts  C*H<Ag«0»  and  OH«BaO*  (Mdlly,  X«%V 
Annalen,  dxxi.  153). 

Xtamalio  and  Xtatartaiio  Aolds  (Morawsky,  J.  pr.  Chem.  [2],  x.  68).  A 
solution  of  chloritamalic  acid  {2nd  Suppl.  709)  exactly  neutralised  with  caldnm 
carbonate,  and  heated  for  .some  time  to  the  boiling  point,  deposits  caldnm  itatartzate 
(1^  Supjd.  762),  which  may  be  freed  by  washing  with  boiling  water  from  a  second 
sparingly  soluble  calcium  salt.  This  latter,  which  separates  from  tiie  cpnoentnted 
mother-liquor  in  rhombohedral  crystals,  is  the  calcium  salt  of  monobasic  oxy para- 
conic  acid,  OH'O^  When  its  solution — ^which  is  neutral  to  test-paper — ^is  boilad 
for  some  time  with  a  quantity  of  lime-water  containing  as  much  caldum  as  the  salt 
itself,  the  liquid  again  acquires  a  neutral  reaction,  and  then  contains  the  caldnm  salt 
of  bibasic  itatartaric  acid.  These  changes  explain  the  formation  of  <^1<*r»»m 
itatartrate  in  the  manner  above  mentioned,  thus : 

2C»H»C10»Ca  =  CaCP  +   (C»H»0»»Ca, 
OhloritamalAte.  Oxyparaoonste. 

(C»H*0*)2Ca  +   CaH«0^  =  2C»H«0«Ca. 
Ozyparaoonato.  Itatartrate. 

Calcium  itatartrate,  C*H«0«Ca  +  ^H^O,  gives  oflf  its  water  at  180»,  and  then  ex- 
hibits the  characters  of  Ronday's  homotartrate  (q.  v.)  The  lead  salt  of  itatartaric 
acid  crystallises  in  tablets  having  the  composition  C*H*0*Pb  +  HK).  [The  anhydzooi 
lead  salt  analysed  by  Wilm  (l^^  Suppl.  762)  appears  to  have  been  dried  at  100**.] 

Oxyparaconic  acid,  C*H*0',  is  obtained  from  its  ethereal  solution  only  as  a 
viscid  syrup,  differing  in  this  respect  from  oxvcitraconic  acid.  The  caleiwm  mU, 
(C*H*C)*)*Ca  +  2H*0,  forms,  as  already  mentioned!,  rhombohedral  crystals,  which  give 
off  their  water  at  180°  (the  similarly  constituted  oxydtraconate  forma  an  nnciystal- 
lisable  syrup). 

MeaaoonloAold.  On  the  constitution  of  this  acid,  see  p.  513.  It  sepa- 
rates, after  long  standing,  from  a  solution  of  citradichloropyrotartaric  add  (p.  514).  It 
was  also  produced  in  an  attempt  to  obtain  an  acid,  G'H*0',  by  treating  an  alooholie 
solution  of  itamonochloropyrotartaric  acid  (1st  Suppl.  980)  with  potaadom  mnide, 
decanting  the  liquid  from  potassium  chloride  thereby  formed,  and  boiling  it  with 
potash  (Swarts,  loc.  cU.) 

On  the  formation  of  mesaconic  acid  from  citraconic  and  itaconie  acids,  see  p.  511  of 
this  volume;  also  2nd  Suppl.  709.  According  to  Morawsky,  the  best  mode  of  pre- 
paring it  is  that  given  by  Gottlieb,  namely,  to  boil  a  weak  solution  of  citraoonie  add 
with  nitric  acid  (iii.  028). 

Mesaconic  add  melts  at  202°  (Swarts,  Morawsky). 

When  chlorine  is  passed  to  saturation  into  water  in  which  mesaconic  acid  is  mu» 

The  oiuuber  154°,  gWen  lu  ^ad  Sapi>l.  v«  ^*^«  a&t\i<t\j(AUu)&\KAu\.^aAQo^«idA^\a«^ 
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>eiided,  a  solution  is  formed,  which  when  eyapomted  giyes  off  sal-ammoniac,  and 
eaves  monochlorocitramolic  acid. 


This  is  the  principal  constituent  of  oil  of  citronella  (Andro- 
jogoH  Sckananthus  or  A.  Nardus\  a  grass  cultiyated  in  Ceylon.  According  to  Olad- 
itone  (Chem.  Soc.  J.  1872,  47)  it  has  the  composition  CH'*0,  and  is  isomeric  with 
X)mmon  camphor  and  with  absinthol ;  but  according  to  Wright  (ibid,  xii.  318),  the 
Jiief  constituent  of  the  oil  (b.  p.  210''-225°)  has  the  composition  G^«H**0  :  hence  it 
leems  probable  that  the  composition  of  cftronella  oil  (and  perhaps  of  other  essential 
nle)  is  not  quite  constant,  but  varies  with  the  season,  the  age  of  the  plant,  &c. 

Citronellol  (b.  p.  210''>220^),  heated  with  tine  chlcride,  yields  a  laige  quantity  of 
resin  containing  85*4  per  cent,  carbon,  11 '7  hydrogen,  and  therefore  formed  by  partial 
removal  of  the  elements  of  water ;  also  a  distillate  of  water  and  a  hydrocarbon,  or 
nixfnre  of  hydrocarbons,  containing  more  hydrogen  than  C3rmene. 

The  same  citronellol  distilled  with  phosphorus  pentasulphitU,  yielded  a  hydrocarbon 
}r  mixture  of  hydrocarbons  boiling  between  160°  and  180^,  another  boilinff  near  250°, 
uid  resinous  substances  of  high  boiling  point.  The  portions  of  the  distill&te  boiling 
between  220°  and  240°  yielded,  on  distillation  over,  sodium,  a  liquid  distilling  near 
250°,  and  other  liquids  of  higher  boiling  point,  probably  polymeric  terpenes,  mC'*H'*. 
rhe  action  of  phosphorus  pentasulphide  on  citronellol  is  therefore  to  some  extent 
inalogous  to  that  which  it  exerts  on  absinthol  (p.  1),  the  action  in  each  case  consist- 
ing in  the  formation  of  a  hydrocarbon  by  removal  of  the  elements  of  water— 

▲twinthoL  QTmeiie. 

C'»H'»0   -   H'»0   =    C'»H". 
Oitronellol.  Terpene. 

When  citronellol  is  cautiously  dropped  on  cooled  phosphorus  pentachloride,  oxy- 
chloride  of  phosphorus  is  formed,  together  with  a  chlorinated  organic  substance, 
which  partly  breaks  up  when  heated,  evolving  hydrochloric  acid  and  leaving  a  mixture 
of  a  terpene  and  a  resinous  poljrmeride  thereof: 

c»«H'»o  +  pa*  =  poci«  +  Hci  +  c'»H"a, 

C«»H"C1  «  Ha   +   C"H". 

Citronellol  unites  with  bromine,  forming  a  dibromide  which  splits  up  into  water, 
hydrogen  bromide  and  cymene  : 

C"H'»BrH)  =.   H^O   +   2HBr  +   C'»H'*. 


The  bitter  apple,  bitter  cucumbA,  bitter  gourd,  or  colocyntb 
(CUruUus  Colocynthis,  Schrader),  is  a  creeping  cucurbitaceous  plant  which  grows 
abundantly  in  the  Sahara,. in  Arabia,  and  on  the  Coromandel  Coast,  and  is  found  in 
some  of  the  islands  of  the  .£gean  Sea.  The  fruit,  which  is  aboat  as  large  as  an 
orange,  contains  an  extremely  bitter  and  drastic  pulp,  from  which  colo^th  is 
obtained.  This  pulp  is  said  to  be  eaten  by  bu^loes  and  ostriches,  but  is  quite  unfit 
for  human  food.  The  seed- kernels,  however,  which  contain  but  a  very  small  quantity  of 
the  bitter  principle,  are  used  as  food  by  some  of  the  natives  of  the  African  desert.  For 
this  purpose  the  seeds  are  first  freed  from  pulp  by  roasting  and  boiling,  and  subse- 
quent treading  in  sacks,  and  then  deprived  of  their  coatings — which  are  also  decidedly 
bitter — by  grinding  and  winnowing.  A  single  kernel  thus  separated,  has  only  a  mild 
oily  taste,  but  several,  if  tasted  together,  exhibit  a  distinct  bitterness.  The  average 
weight  of  a  seed  is  about  46  milligrams,  of  which  the  kernel  constitutes  only  one-half. 
The  kernels  contain  about  48  per  cent,  of  a  fatty  oil,  and  18  per  cent,  of  albuminous 
substances,  besides  a  small  quantity  of  sugar,  and  may,  therefore,  be  regarded  as  a 
sufficiently  nutritive  esculent.  The  inorganic  constituents  of  the  seeds  amount  to 
2*48-2*7  per  cent. ;  the  pulp  of  the  fruit  contains  a  much  larger  proportion,  viz.,  11 
per  cent.  (Fliickiger,  j^.  Rep.  Pharm.  xxi.  46). 

OXJ1V1IB8TIVA.  The  flowers  of  Clandestina  rectiflora,  a  plant  growing  on 
the  lower  Pyrenees,  yield  to  ether  two  crystalline  substances,  one  of  which  is  yellow, 
and  resembles  cholesterin;  the  other,  called  clandestinin,  white,  soluble  in  alcohol 
and  ether,  insoluble  in  water  and  in  dilute  acids  (Hartnen,  Chem.  Gentr,  1872,  524). 

O&AJftZTB  (F.  Roemer,  Jahrbuch.fur.  Mineralogie^  1875,  370).  This  mineral  is 
a  dimorphous  modification  of  enargite,  found  in  a  bed  of  heavy  spar  in  the  aara  mine 
near  Schapbach,  in  the  Baden  Black  Forest.  It  is  monoclinic  (enargite  is  rhombic), 
exhibiting  the  combination  ooP.  cx>£<x>  .  OP  .  9itP,  with  perfect  cleavage  parallel  to  the 
chnopinacoid,  less  distinct  jTarallel  to  th.e  orthopinacoid.  CkAoux  d^^V  \»^>^i7:«^. 
Streak  pure  black.     Ilardiioss  ^3'S,    Sp.gr.  =4*46.    Hoaitod  m  &  \c«^.•\x^i«^,\V.Sft- 
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crepitates  violently,  and  yields  a  reddish -yellow  sublimate  of  arsenioiui  tiilphide  and 
antimonious  snlphide,  and  another  of  snlphnr.  In  an  open  tube,  a  little  aotimomont 
oxide  is  deposited  close  to  the  heated  mineral,  and  crystallised  arsenioos  oxide  fmther 
on.  Before  the  blow-pipe  on  charcoal  it  melts  very  easily,  giving  off  the  auw 
vapours,  and  a  very  slight  deposit  of  zinc  oxide,  and  leaving,  after  prolonged  re 
duotion,  grains  of  copper  in  a  magnetic  slag. '  Nitric  acid  dissolves  it  easfly,  formiDi; 
a  green  liquid,  with  separation  of  a  white  powder.  Hydrochloric  acid  does  not  de- 
compose it  completely,  even  after  long  boiling. 

The  following  tables  show  the  composidon  of  the  mineral,  as  determined  hj 
analysis,  together  with  that  of  enargite,  and  the  values  calculated  according  to  the 
formula,  eu»(AsS *)«  or  SCu^S.As^S*.* 

Cn.  Fe.  Zn.          Sb.  As.              S.  Ag. 

Clarite    .        .    4629  088  trace  1-00  17-74  3292  —  -     98 67 

Enargite          .    47*205  0*666  0*228  1*613  17*699  32*222  0017  «     99m 

Cu«A8«S»          .     48*42         —  _         --  1907  32*61  —  -100 

The  differences  between  clarite  and  enargite  are  shown  by  the  following  compantir<; 
statement : — 

Olarlte.  EnaiiKite. 

Crystalline  system        .         •    Monodinic.  Rhombic. 

Cleavage      .        .        •        •    Parallel    to    qoSqo,  and    Very  perfect,  paralU  to 

ooPoo  at  90''.  odP  at  97''  dS*.  and  to 

ooPoo. 

Hardness      ....    8*6.  i'O, 

Sp.gr 4*46  4*86-4-47. 

Colour Dark  lead-grey.  Iron-black. 

Streak Black.  Black. 

Clarite  is  not  un&equently  transformed  into  copper  pyrites  and  indigo-eopfM, 
which  is  not  the  case  witii  enargite.  In  the  first  of  ikese  changes,  which  tSut  pfact 
without  alteration  of  form,  and  therefore  very  slowly,  the  whole  of  the  AtPQ^  is  i»- 
placed  by  Fe^*,  which  is  less  soluble  in  barium  sulphide  than  the  arsenic  sulphidfli 
The  formation  of  this  pseudomorph  can  take  place  only  out  of  contact  with  the  air. 

Indigo-copper,  CuS,  may  be  formed  from  clarite  m  two  ways,  first  dizedly,  tsd 
secondly  after  previous  conversion  into  copper-pyrites.  In  the  former  case,  noUung 
is  seen  but  particles  of  fresh  lead-grey  clante ;  lo  the  latter,  brass-yeUow  partielefl  d 
copper-pyrites  imbeddded  in  a  bladk-blue  earthy  mass.  In  both  cases  the  fonnatioo  of 
indigo-cop^  appears  to  be  brought  about  by  the  oxidation  of  the  iron  sulphide  (ud 
zinc  sulphide),  while  iron  and  zinc  are  dissolved  out  as  sulphates,  and  arseaie  ai 
arsenic  acid. 


A  red  day  from  Hunstanton  in  Norfolk  has  been  analysed  by  A.  H. 
Church  (Chsm.  Netos.  xxxi.  199).  This  clay  can  be  isolated  by  pulverising  the  lias- 
stone  in  which  it  occurs,  and  treating  it  with  dilute  hydrochloric  add.  The  fiaelj 
divided  clay  can  then  be  separated  from  the  coarser  lumps  by  levigation.  Its  oqd- 
position  is  as  follows : 

Dried  After 

Air-diy.  at  100*'.  fgnitko. 

Water 14*73  7*64  — 

Silica .  62*87  67*38  62*01 

Ferric  oxide 12*81  13*89  16*02 

Alumina 16*66  16*97  18*86 

Magnesia 2*66  2*87  3*11 

Lime 1*88  1*46  1*66 


100-04  10006  100*06 

Church  is  of  opinion  that  this  red  clay  is  nearly  related  to  that  which  was  dredged  ap 
in  the  '  Challenger*  expedition  from  the  greatest  depths  of  the  AUanttc  Ocean.  He 
regards  these  red  clays  as  oxidation-products  of  glauconite. 

P.  Th^nard  (Chmpi.  rend.  Ixxxi.  262)  describes  a  clay  which  was  met  withdnriog 
some  excavations  at  rerrigny-sur-rOgnon,  C6t6-d'or.  It  had  a  deep  grey  eoloor  when 
freshly  dug,  but  became  black  on  drying,  while  at  the  8ame  time  a  blue  substance 
was  developed  like  ultramarine  in  colour.  This  blue  substance  becomes  olive^rea 
when  heated  to  120°,  and  changes  to  yellow  when  treated  with  potasii  at  ordinaiy 
temperatures.  Neither  ammouia  uor  acetic  acid  has  any  effect  upon  it»  and  efal6riDe> 
water  alters  it  but  8lo"v\7  ;  \ery  OaVmV©  ^rj^Soo^otxt  ^<£\W\sy«%>^«L  ^vHsK^^ai^u 
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diately,  and  destroys  its  colour,  which  is  not  restored  by  ammonia.  This  blue  subeitance 
consists  chiefly  of  ferrous  oxide  mixed  with  alumina,  and  a  nitroffenised  organic  acid 
in  considerable  proportion ;  it  does  not  contain  lime  (»r  ferric  oxide. 

A  clay  from  Kum  in  Persia  used  for  making  the  well-known  water-coolers  (alcar- 
razas),  has  been  analysed  by  0.  v.  HAuer  (Verhandl.  geol.  Reichsanstt  1876,  113)  with 
the  following  results : 

SO".  A1«0".  Fe»0*.  CaCO».  MgCO*.  H»0. 

43*31  1514  5*00  26*13  0*27  9  82   »   99*67 

with  traces  of  alkali.  The  porosity  which  this  olay  acquires  by  baking  is  due  to  the 
erolution  of  carbonic  add  rrom  the  finely  divided  calcium  carbonate  disseminated 
Uurough  it. 

C.  Bischof  {Dingl.  pol.  J.  ccxi.  128)  has  analysed  a  yellow  and  a  red  brick-clay 
from  Mogeklorf  in  Bavaria,  with  the  following  results : 

LoMon 
810».       A1"0».       MgO.       CaO.      PeW.   heating. 

Yellow  clay  .  .  .  8204  995  0*64  0*75  3*06  3*67  =  10011 
Red  clay     ....     65*98     12*52      2*74      3*36      4*57     1113   -   10025 

These  analyses  lead  to  the  following  formulse : 

YeUow  daj.  Bed  oky. 

1*43  (A1«0«.  9*14  SiO«)  +  RO  0-66  (A1K)«.  6*03  SiO«)  +  R0.» 

The  Tellow  day,  when  washed  with  water  through  a  sieve  having  meshes  1*5 
mm.  wide,  left  12*49  per  cent,  of  heavy  matter  (pebbles,  &c.),  and  the  red  clay, 
10-^  per  cent.  The  former  gives  a  tolerably  infusible  brick  which  has  not  the  usual 
red  colour  and  is  not  durable ;  the  red  clay  a  fusible  brick  of  good  colour.  A  mixture 
of  the  two  with  a  little  sand  yields  a  better  product.  An  increase  of  silica  appears 
to  raise  the  point  of  fusion.  The  pyrometric  value  may  be  found  by  multiplying  the 
quantity  of  silica  in  the  formula  by  the  amount  of  alumina  if  the  latter  figure  be  less 
than  1,  and  dividing  if  it  be  greater  {2nd  Suppl.  354).  The  yellow  clay  gives  the 
number  6*60,  and  we  red  clay  3*98,  the  higher  number  showing  the  lugher  melting 
point. 

Two  very  refractory  clays  from  the  Murautsch  valley  in  Camiola  have  been 
analysed  b^  A.  Patera  (Dingl,  pol,  J,  ccvii.  219).  They  were  levigated,  and  the 
finest  particles  dried  and  analysed  with  the  following  results : 

Matter  insoluble  in  hydrochloric  acid     ....  94*00  91*50 

Ferric  hydrato       .                          1*50  2*91 

Aluminic  hydrate 2*75  5*25 

Calcium  carbonate trace  trace 

Water 1*75  0*34 


100*00  100  00 

C.  Bischof  (Dingl,  pol.  J.  ccviii.  51)  has  also  examined  the  behaviour  of  fire-clajf 
to  glass  at  high  temperatures.  Powdered  clay  was  mixed  with  2,  4,  6,  &c.,  parts  uf 
glass-powder,  and  the  mixtures  made  up  into  small  prisms  were  exposed  to  the  heat 
of  melting  platinum.  The  observations  consisted  in  det«rmining  the  proportions  of 
glass  required  to  induce  incipient  Aision  in  the  mixture  at  the  given  temperature,  this 
condition  being  indicated  by  the  rounding  of  the  edges,  a  bright  lustre  on  the 
surfaces,  and  a  porous  vesicular  texture  in  the  interior.  These  appearances  were 
observed  in : 

Glass'pot  clay  from  GMinstadt  after  addition  of  16  per  cent,  glass. 

Muhlheimclay  „  „  14        „ 

Hessian  cUy  „  ,,  2        „  „ 

Clay  from  Niederpleis  „  „  0        .,  „ 

Best  Belgian  glass  pot  clay  ,,  „  18         „  ., 

Klingberg  clay  (I)  „  „  18 

Klingberg  clay  (II)  „  „  14         „ 

Lbthay  glass-pot  clay  „  .,  14-16  „  „ 

Stourbridge  clay  „  ,  1 0        „  „ 

From  these  observations  it  follows  that  in  general  the  most  refectory  clays  like- 
wise offer  the  greatest  resistance  to  the  action  of  glass.  In  chtys  nearly  related  to 
one  another  pyrometrically,  as  those  from  Qriinstadt  and  from  Miihlheim  (2nd  Suppl. 
3d5),  the  Bre-resisting  power  affords  no  measure  for  the  relative  power  of  withstand- 

•  The  ferric  oxldo  la  liiclwlcd  iu  the  general  tQnm)i]UBk,'&0. 
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ing  the  action  of  glass.    The  difference  between  the  beet  and  the  modentDly  (pood  gla»- 
pot  days  is  much  less  conspicuous  than  that  between  the  good  and  the  inferior  eufta. 
Similar  results  have  been  obtained  by  Bischof  (Dinyl.  pol,  J.  oeriii.  444)  with 
respect  to  the  action  of  iron-slag  on  day.    With  a  slag  firom  Braubadi  confaiiriBg  ia 
100  parts: 

SiO».  A1»0».  FeO.  MnO.  C»0.  MgO.         PX)».  a 

33-97         10-60         3-84         918         3893         2  10         016         0*78 

the  above-mentioned  indications  of  fusion  wore  observed  with  the  ftdlowiog  |iro- 
portions : 

Hessian  day,  after  addition  of  1  per  cent,  slag 

Miihlheim  clay  „  .,  5 

Griindstadt  clay  „  5-6 

Saarau  clay  (II)  „  6 

Belgian  clay  „  6-7 

Qarnkirk  clay  „  8 

Saarau  day  (I)  „  13 

Levigated  clay  from  Zettlitz    14 


»i 


i« 


Similar  results,  at  least  with  some  clays,  were  obtained  with  slags  ficom«! 
work  at  Horde.  In  general  days  exhibit  a  parallel  variation  in  their  pofver  of 
resistance  to  glass  and  to  slags,  and  are  on  the  whole  more  easily  attacked  by  slagi 
than  by  glass. 

Suspension  of  Clay  in  Water. — From  experiments  b^  W.  Durham  ^Ckem.  Newt, 
XXX.  67)  it  appears  that  the  power  of  water  to  hold  day  in  suspension  is  diminishd 
by  addition  of  acids  and  of  various  salts,  and  increased  by  addition  of  small  qTiantitisi 
of  alkalis,  alkaline  carbonates,  or  caldum  carbonate.  Sterry  Hunt  {ibid.  97)  teid 
in  like  manner  that  the  water  of  the  Mississippi,  which  contains  £rom  1  to  2  puts  of 
suspended  matter,  chiefly  clay,  in  a  thousand,  is  clarified  in  twelve  to  eighteoi  hom 
by  addition  of  sea^water  or  of  sodium  chloride,  magnesium  sulphate,  alum*  or  sul- 
phuric acid :  hence  the  deposits  of  mud  formed  at  the  entrance  of  the  riyer  into  tho 
Gulf  of  Mexico. 

M.  Schloesing  ( Compt.  rend.  Ixxx  376,  473)  separates  the  various  silicates  of 
alumina  which  constitute  clays,  by  levigating  the  clay,  and  allowing  it  to  deposit  it 
distilled  water  rendered  slightly  alkaUne,  contained  in  long  tubes  dosed  at  the 
bottom,  in  such  a  way  as  to  allow  the  successive  layers  to  be  drawn  off  sepantelj  Ij 
means  of  an  india-rubber  connector.  Each  layer  may  be  treated  in  the  same  maDMi; 
60  that  by  successive  fractionations  the  portions  may  be  obtained  pore.  CUyi^  such 
as  some  kaolins,  formed  of  only  one  silicate,  deposit  only  one  layer. 

The  silicate,  Al'0*.2Si0^.2HH),  has,  by  this  process,  been  recognised  to  ftnn  the 
greater  portion  of  kaolin  days,  some  being  composed  entirely  of  it,  while  others  eoo- 
tain  two  or  three  silicates,  one  cf  which  is  colloid.  Different  kaolins  diffiir  greatly  m 
the  degree  of  opalescence  which  th<)y  exhibit  when  agitated  in  an  alkaline  liquid,  bat 
this  property  in  no  way  depends  upon  the  chemical  composition. 

On  the  determination  of  clay  in  arable  soils,  see  Schloesing  {Compt,  rmtd,  IxxriiL 
1276 ;  Chem.  Soc.  Jour.  1874,  1010). 

Plasticity  and  Shrinking  of  Clays  {Siw^ot,  Dingl.  pot.  J.  ccxt.  136). — ^The  pletftidty 
of  clay,  or  its  power  of  yielding  with  water  a  mass  tnat  may  be  moulded,  is  of  greet 
importance  in  a  practical  point  of  view,  and  interesting  as  a  subject  of  scientific  enqviiT. 
Aluminium  hydrate,  like  silicic  acid,  is  capable  of  assuming  the  gelatinoos  font,  n 
which,  owing  to  the  peculiar  arrangement  of  the  partides,  these  compounds  are  able 
to  take  up  a  very  large  quantity  of  water,  swelling  out  in  an  extraordinary  degree, 
and  thus  enveloping  or  binding  together  sandy  or  earthy  matters  in  a  fine  state  of 
division.  On  removing  the  water  by  drying,  the  originally  plastic  mass  shrivels  vpi 
This  is  termed  *  shrinking.'  Either  on  drying  in  the  air,  or  on  burning,  the  paitidei 
of  day  approach  one  another  more  closely,  the  accompanying  admixed  ooostitiMBtB 
also  being  at  the  same  time  drawn  together.  An  increase  of  density  and  diminntioii 
of  bulk  thus  occur.  The  capacity  for  absorbing  water  in  different  clays  varies  as 
greatly  as  their  plasticity,  which  increases  with  their  power  or  tendency  to  crumbk 
(possibly  with  the  formation  of  aluminium  hydrate).  Meag^  days  readilj 
absorb  water  and  attain  the  desired  degree  of  plasticity ;  '  fat '  days  on  the  ooo- 
trary  become  very  friable.  The  former  become  softer  by  working,  the  fat  clays  stiffer. 
Many  fat  clays  exhibit  the  phenomenon  known  technically  as  *  water-stilfiiess' 
(Wassorsteife),  t.^.,  when  softened  with  a  certain  quantity  of  water  they  have  no 
inclination  readily  to  absorb  more.  Shortness,  or  meagreness,  depends  more  upoa 
tho  presence  of  undisintcgrtite^  m\i\eT«\  '^>icc\Av\^  \3cvaw  q(\iVWl  c^C  «a»d\  «.  day  rick 
in  sand  may,  however,  bu  fat,  \)ul  ou«  vvd^  m  xwixeAxxcw^.  m\vi^'rii\  TQk&\.\ffit  ^dkh^l  < 
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With  respect  to  the  condition  and  law  of  shrinking,  Aron  {NotUblatt  des  deutsehen 
ZiegHveretHS,  Jahrgang  ix.  167,  339)  gives  the  following  factfl:— By  gradual  drying 
at  a  temperature  increasing  to  130°,  the  weighed  portion  of  clay  being  placed  on  a 
glass  plate  and  two  parallel  marks  cut  upon  it,  and  the  distance  between  the  marks 
repeatedly  measured,  it  was  found  that  the  shrinking  did  not  continue  till  the  clay 
was  quite  dry,  but  ceased  before  this  point  was  attained.  To  a  certain  point,  the 
ahnnking  exactly  expresses  the  loss  of  water ;  at  this  point  it  suddenly  stops,  just  as 
the  clay  particles  come  into  contact.  Axon  terms  this  point  the  '  limit  of  shrinking,' 
and  distinguishes  the  water  dissipated  previous  to  this  point  as  '  water  of  shrinking ' 
from  that  subsequently  driyen  off  as  '  water  of  porosity.  The  sum  of  the  two  is  total 
water. 

The  cubical  amounts  of  shrinking  of  a  pasty  mass  of  clay  were  found  to  be  equal 
to  the  Yolumes  of  the  water  evaporated.  The  proportion  of  pores  in  the  dry  clay  is 
constant,  t.^.,  independent  of  the  water  originally  contained.  JProm  the  fact  that  the 
proportion  of  pores  in  several  chemically  different  clays  is  nearly  equal,  it  may  be 
inferred  that  the  smallest  particles  of  clay  have  a  regular  spherical  shape.  This 
view  IB  confirmed  by  microscopic  observations. 

In  a  pHistic  mass  of  clay  there  is  thus  a  vast  number  of  these  little  spheres  at 

equal  distances  suspended  in  water.    The  distance  between  these  particles  is  so  small 

that  the  attraction  between  them  is  considerable,  and  so  a  system  of  capillary  tubes  is 

fanned  in  which  the  expulsion  of  water  by  pressure  is  so  opposed  that  neither  the 

pow«r  of  attraction  of  the  spherical  particles  for  one  another,  nor  their  vertical  down- 

vazd  pressure,  will  permit  the  water  to  penetrate  through  the  tubes.    Plasticity 

ocHomences  with  increase  of  the  distance  between  the  clay  particles,  and  ceases  when 

that  increase  has  attained  a  certain  amount.    In  shrinkins,  as  water  evaporates  on 

the  surface,  a  f^^ah  supply  is  drawn  up  fh>m  the  interior  or  the  mass  through  the  fine 

capillary  tubes  mentioned  above,  the  particles  approximating  throughout  the  whole 

mass  in  obedience  to  their  power  of  attraction ;  and  this  process  continues  until  the 

particles  come  into  contact,  and  then  room  for  water  is  afforded  only  in  the  spaces 

oetween  the  pa^cles  (water  of  porosity).     In  meagre  clays  these  fine  spherical 

particles  envelope  the  irregular-shaped  particles  of  foreign  matter.     On  trying  the 

eJfeet  of  additions  of  very  fine  sand  to  som  e  washed  clay,  it  was  found  that,  to  a  certain 

point,  the  shrinking  power  of  the  day  increases  with  its  progressive  meagreness  (the 

vater  being  constant)  and  the  porosity  decreases.    This  point  is  termed  the  '  point  of 

greatest  density '  of  the  mass. 

¥iQim  the  point  of  greatest  density,  further  impoverishing  diminishes  the  shrinking 
for  an  equal  amount  of  water  in  the  pores,  but  increases  the  porosity. 

OOAli.  CoTMpontion^  Classificaiion,  and  Heating  Power  of  Coal. — An  elaborato 
paper  on  this  subiect  has  been  published  by  L.  Gruner  (^nn.  Min.  1873.  iv.  169; 
JDmaL  pol.  J.  ccxiii.  70,  242,  430  ;  abstr.  Jahresb.  1874,  1187 ;  Chem,  Soc.  Jour,  1875, 
896).  The  value  of  a  coal  cannot  be  accurately  determined  by  its  elementary  analysis, 
inasmuch  as  the  heating  power  depends,  not  only  on  the  amounts  of  carbon  and 
hydrogen  contained  in  the  coal,  but  likewise  on  the  manner  in  which  these  elements 
are  combined.  A  more  correct  estimate  of  the  heating  power  of  a  coal  is  obtained  by 
determining  the  average  amount  of  coke  which  it  yields.  The  higher  the  yield  of 
eoke,  the  greater  is  the  heating  power,  but  this  power  does  not  diminish  in  the  same 
ratio  as  the  yield  of  coke ;  thus  for  a  decrease  in  the  yield  of  coke  from  80*4  to  69-0, 
the  heating  power  diminishes  only  from  9622  to  8215. 

The  density  of  coal  varies  from  1*25  to  1-35.  Those  coals  which  are  richest  in 
carbon  have  the  greatest  density.  The  weight  of  one  cubic  meter  is  700  to  900  kilo- 
grams. 

The  different  kinds  of  coal  may  be  arbitrarily  divided  into  five  classes,  though  there 
is  no  distinctly  marked  division  between  any  two.  The  classification  proposed  by 
Gruner  is  the  following : — 


COAL. 
Gatt^eaiiim  of  Coalt  (G-ruutT). 


DlttintnibblM 

Ei™«,ur. 

BMldoeof 

pui 

*'*a*''*"      ' 

c     -n 

75      5S 

50  1  i% 
8U      fi-B 
tu  ,   lo 
85      5 
U  \   6 

89  1  frS 
SS  ,  6'S 
to  1  to 

51  4-6 
»0      to 

83       4 

0' 

Dry    co»l,    borniDgj 

with.kDgaui.et 

Bitomiiioaa  coal  with, 

True        Mtununon* , 
coal,     Di    umithj 
ooal    .                 .    * 

short  flame,  orcokflj 
cool    .        .        .   ( 

Anthracite  coal      .  j 

19-S 

15 
H-2 

10 

5°5 
8-S 

6-5 
6-5 

I  atoi 

f    ' 

1  ' 

0-60-0-80 
0-6O-O-68 
080-074 
071-0-82 
0B2-O-90 

,P0-de.7.<.r 

,FBKd.b<>t 

fFoied   ud  to- 
tlmbl;sni«. 

Powdery.          ' 

The  length  of  the  flame  dependg  on  tlie  amoimt  of  TolatQB  matter ;  tha  eombutibiliti 
of  the  cool  on  the  nature  ca  the  aah.  If  the  aah  contoina  iron  and  lime,  a  dag  bai. 
if  it  containB  alomiiia  and  dlica,  it  remain*  in  a  p<**^<'7  ^oxm,  iriuch  ii  mom  tmv 
able  lo  the  combnatjon  of  the  coaL 

The  first  claaa,  dry  eeal  witi  loKgfiamt,  ia  nsed  for  wnlriiig  coke.  Thaccfafo- 
aerrea  the  form  of  (he  coal.  Xhs  ep.  gr,  oif  thii  claM  of  coal  ia  about  l-Sfi ;  1  ealit 
meterwughi  700  kilognma.  It  ia  termed  ipfinfcoiJ.  TheedtmriannullyhmniiL 
The  elementary  composition  ia  given  in  the  table ;  a  piozimata  analyma  gini  lb 
following  raaolts :  — 

Coke.  UqnoT.  Tu.  Ow. 

60—60  12— a  18-15  20—30  [mt  cniL 

Volatile  matter  60-40  per  cent. 

The  calorific  power  la  on  Qta  average  8200-8300  heat-nniu.  lliia  ooal  u  taoA  i* 
DerbysMre,  Staftbrdahire,  and  lADarkBhire.  Jut  aoon  aa  the  carbon  *»■»— ■<f  gO  mt 
cent.,  and  the  oiygea  ia  under  16  perceat-,  thie  class  of  coal  begins  to  cake  on  Ixatiii. 

The  Belgian  conl  called  ftaain  tHitUrai  contains  an  amount  of  carbon  which  wooliia- 
elude  it  in  this  dasa ;  bnt  its  coke  ia  alwaya  powdecy.     It  haa  a  lower  calaciSe  poas. 

2.  Bitmiwunu  Coal  aili  Long  Flame  (gas  coal). — The  coke  obtained  fiom  this  ad 
is  alwuys  caked  together.    The  coal  itself  is  hard,  the  fractnre  lin»in«|.iJ     Tit^. 


Coko.  liqnar,  Tu.  Gas. 

BO— 88  6—3  16—12  20—17  par  ean" 

ToUtile  matUr  40-32. 

Yield  of  gas  from  1  kEogntm  240— SSO  litzta. 

Giloiific  power SAOO — 8800  keat-nuta. 

This  ooal  is  found  in  the  coal  measorea  of  the  Paa^de-Calaia,  and  of  the  liiba  is 
France,  at  Hona  in  Belgium,  and  at  Newcaatle. 

3.  Tmt  Bitumttumi  or  '  Smiiitu  Ooal.' — Ooals  belonging  to  tUa  dua  bare  a  pan 
black  colour  and  high  loetre  ;  they  are  brittle  with  laminated  fiactnre.    nuy  Tih 
when  burning,  leaving  the  coke  in  a  compact  cake.    They  are.  thertfere,  peealiai^ 
adapted  for  a  Hmitliy.    Sp.  gr.  1'3.    Weight  of  a  cubic  mater,  760-800  kilogiaiM. 
Proximate  aaalyeie:  — 


68—74  3—1  13—10 

Volatile  mutter,  3228. 
Calorific  power,  8800-9300  unite  of  heat. 
Found  in  the  co&l  meuuT«a  ot  ¥«A-d«-OelB.i«  i 


France ;  in  the  neigbbonAond  al 
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li^ge  and  Mons  in  Belginin ;  in  Westphalia ;  in  Yorkshire ;  and  near  Newport  in 
Wales. 

4.  Biiuminous  Coal  with  Short  Flames  or  '  Caking  Coal* — Coal  belonging  to  this 
class  exhibits  the  same  properties  as  that  belonging  to  the  one  immediately  preceding ; 
its  Instre  is,  however,  not  so  great.  It  is  very  brittle,  and  although  it  is  termed 
'  dure'  in  France,  this  means  that  it  does  not  burn  away  quickly.  It  does  not  contain 
much  volatile  matter,  and  is  consequently  difficult  to  kindle. 

Proximate  analysis  gives  the  following  results : — 

Ammoniacal 
Coke.  Uqnor.  Tar.  Qm. 

74—82  1—1  10—6  6— 12  per  cent. 

Volatile  matter,  26-18.  Calorific  power,  9300>9600  units  of  heat.  Sp.  gr.  1*3- 
1*86.    Weight  of  a  cubic  meter,  800  kilograms. 

Source  in  France — Creiteot ;  near  St.  Etienne  in  the  basin  of  the  (Hrd :  in  the  coal 
measures  of  Brissac,  Abrun,  &e, ;  in  Belgium,  near  Oharleroy ;  and  in  Wales,  near 
Cardiff. 

One  kilogram  of  this  coal  evaporates  9*75  kilograms  of  water. 

5.  Jnthraeiie  Coal, — ^This  coal  forms  the  link  to  pure  anthracite.    It  is  black,  and 

shows  dull  streaks.    Its  cohesion  is  slight,  but  increases  the  nearer  it  approaches  the 

character  of  anthracite. 

Ammonlacal 
Coke.  liquor.  Tar.  Gas. 

82—90  1—0  6—2  12— 8  per  cent. 

Volatile  matter,  18-10.  Calorific  power,  9200-9600.  Sp.  gr.  1  •35-1-40.  Weight 
of  a  cubic  meter,  860  kilograms.  It  is  adapted  for  use  in  the  blast  furnace.  It  is 
met  with  in  the  neighbourhood  of  Valenciennes  and  in  the  coal  measures  of  the  Sarthe, 
of  the  Boannais,  and  of  the  Lower  Loire,  the  Gard,  the  Creuse,  &c. ;  also  in  Charleroy, 
Swansea,  and  Merthvr  l^dvil.    It  occurs  also  in  Pennsylvania. 

One  kilogram  calculated  without  ash  evaporates  9*16  kilograms  of  water,  but  con- 
taining, as  it  usually  does,  10-11  per  cent,  ash,  8*12  kilograms. 

C.  Hilt  {Dingl.  pol.  J.  ccviii.  424)  likewise  regards  the  yield  of  coke,  together  with 
the  amount  of  ash,  as  of  especial  importance  in  the  valuation  of  coal.  He  gives  a 
classification  of  coals  according  to  the  ratio  between  the  quantities  of  bitumen  and 
coke  which  they  yield  when  ignited  in  a  covered  crucible. 

1.  Anthracitic  coal .... 

2.  Flint-coal  (old)  yielding  but  little  gas 

3.  Caking  coal  .... 

4.  Caking  gas-coal  .... 
6.  Flint-coal  (young)  yielding  much  gas 
6.  Oas  coal 

If  the  amount  of  bitumen  or  volatile  matter  be  expressed  in  percentages  of  that 
of  the  coke  free  from  ash,  these  coals  may  be  characterised  as  follows : — 

Bitumen.  Bitumen. 


BItnroen 

Coke       Bitnmpn 

Coke 

20     to 

9 

9        „ 

6-6 

5*6     „ 

:      20 

2       „ 

:      1*5 

1-5    „ 

1*25 

1*26  „ 

M 

No.  1  contains    6     to  10     per  cent. 

2  „        10     „  16*5 

3  ,.        15*6  ..  33*3 


ft 


i» 


No.  4  contains  33*3  to  40     per  cent 

5  „        40     „  44*4 

6  44-4  ..  48 


ft 


II 


*i 


fi 


No.  1  includes  the  varieties  of  ordinary  anthracite. 

No.  2  includes  such  coals  as  the  '  smokeless  seam  coal '  of  CardifiT. 

No.  3  includes  the  varieties  of  coal  used  for  general  manufacturing  purposes. 

No.  4  is  a  good  gas  coal,  but  vields  little  coke,  and  this  of  too  porous  a  nature. 

No.  6  and  6  are  chiefly  used  in  open  stoves ;  they  bum  with  a  bright  flame, 
accompanied  by  a  considerable  quantity  of  smoke. 

Analyses  of  Russian  Coals. — Immense  deposits  of  coal  are  found  in  the  basin 
of  the  Donetz;  much  of  it  is  of  exceptional  purity,  leaving  only  2  or  3  per  cent  of 
residue  in  the  grate.  The  following  are  the  results  obtained  with  three  samples  of 
coal  and  one  of  lignite  from  this  region : — ^I.  From  G-rouchesski  is  a  greyish-black 
coal  having  a  very  brilliant  metallic  lustre.  It  is  very  hard  and  compact,  and  keeps 
its  form  while  burning.  It  bums  without  flame  or  decrepitation.  It  contains 
pyrites. — II.  From  Mioudd  is  deep  black  and  veiy  brilliant  It  is  veiy  friable,  and 
bums  without  much  smoke.  It  is  well  adapted  for  the  smithy,  and  is  equal  to,  and,  in 
some  respects,  superior  to  the  Welsh  coal  much  used  in  the  English  navy,  the  analysis  of 
which  appears  in  the  Journal  ofthe  Chemical  Society,1872,  p.  91. — III.  From  Galoubosski, 
is  black  and  hriUl&Bt,  with  a  slightly  conchoi'dal  fracture.  It  is  compact,  and  bums 
with  more  smoke  than  II.— TV,  A  lignite  from  ^azaa,  knowix  qa'^'^Yv^xNa.  \\> 
ocetuv  In  alaba  which  break  down,  with  conchoidal  fractoM,  into  \«aim»Xi^  Ic^gavis^A^ 
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It  contains  abundance  of  pyrites,  more  water  for  the  most  part  than  the  sunplc 
analysed,  and  often  leaves  80  per  cent,  of  residue  on  the  grate. 


Water 

Ash  .... 

Hydrogen  . 

Carbon 

0,N,S      .        .        . 

I. 

n. 

III. 

IV. 

Grade 

Pure 

Grade 

Pure 

Grade 

Puro 

Crude 

Pm 

4*08 
1-67 
1-27 
91-20 
1-88 

1 

1-35 

96*66 

1*99 

1-39 
0*23 
4*43 
89-97 
3*98 

4*60 

91*46 

4-06 

4*88 

1*42 

4*76 

77-47 

11*48 

607 
82*67 
12*26 

9*39 
16*86 

4-49 
64*S7 
14*89 

1 

7871 
20-19 

10000 

100-00 

100-00 

10000 

100*00 

100-00 

100*00 

100^ 

9104 
8269 


80-61 
8696 


00-88 
8021 


87'OX 
7687 


Per  cent  of  coke 
Heat  of  combustion  in  gram- 
degrees  . 

(Scheurer-Eestner  and  Meunier-DoUfus,  Ann.  Chim,  Phya.  [6],  ii.  326 ;  Ctmpt,  rml 
Ixxvii.  1386). 

The  following  analyses  of  Russian  coal  are  by  S.  Kern  (Chem.  Newt.  xod.  ISS ; 
xxxii.  79). 

1.  Ootfemment  of  Novgorod. — ^Riyer  Prikcha.    This  is  properly  a  lignite.    Tbe 
dried  coal  yields  62*2  per  cent,  of  coke  and  6200  cubic  feet  of  gas  per  too. 

2.  Dried  coke  from  the  Prikcha  ooal,  suitable  for  rererbezatoiy  furnaces. 

3.  Gotfemment  of  Toula. — Obidmovo.  Coal  found  30  to  70  feet  firam  tin 
surface. 

4.  Government  Riasane. — ^Mourayena  Colliery. 
6.  Coal  from  Vaschour,  Ural  Mountains. 

6.  Donete  Mountains. — Grouscheyka  mine. 

7.  Donete  Mountainf. — Village  of  Alezandroyka.  Good  coal  yielding  a  eoopMt 
coke. 

8.  Donete  Mountains, — Village  of  Ouspenskoe. 

Qovemment  Toula. — ^9.  Kieytzi  yillage,  on  the  Riyer  Oka.  10.  Kraani  Cbobu 
yillage.  11.  Vialino  yillage,  in  the  Odoieysky  district  12.  MalSyka  Tillage, 
Bogoroditsk  district. 

Government  Kcdtntga. — 13.  Zelenino  yillage.  14.  Znamensky  Tillage,  lihkria 
district 

Government  Ekaterinoslaw. — 16.  Near  Mr.  Illoyaiski*s  yillage;  yields  10,600  eobie 
feet  of  gas  per  ton ;  and  74*7  per  cent,  of  compact  coke. 

Government  Simbirsk. — 16.  Near  Sysrane  town,  on  the  Volga. 

Caucasus. — 17.  On  the  Riyers  Coubane  and  Choumar;  yields  a  compact  coke. 
18.  Donets  Mountains,  on  the  Riyer  Bolshaia-Nesyitaia.    This  is  a  good  anthndte. 
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Carbon 

Volatile 

Aah 

Galoriflo 

Su^nr 

Hj(moo|ic 

1 

percent 

percent. 

percent 

yalne 
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PVOML 

36-7 
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18-9 

2 
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10-71 

11-26 

6910     „ 

— 

a^^^ 

3 

3914 

42*66 
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8*28 

2-M 

4 

17-60 

66-26 

8*61 

6486     „ 

2*4 

7*61 

5 

77-86 

12-30 

2*72 

7320     „ 

— 

7-12 

6 

9008 

7-22 

1-98 

7640     „ 

— 

.„. 

7 

69*92 

29-00 

108 

7690    „ 

0-36 

__ 

8 

64-86 

28*90 

626 

7970    „ 

0-87 

9 

22-64 

27-78 

49-68 

3000     „ 

807 

10 

6200 

31-32 

16-68 

4000     „ 

_ 

^•~ 

11 

39*68 

62-40 

7*92 

4000     „ 

2*13 

12 

34-88 

42*36 

22*36 

3600     „ 

82*0 

83^ 

1       13 

30-36 

48-36 

21*29 

3660     „ 

.— 

14 

36-70 

44-24 

2006 

4200     „ 

20116 

15 

72-22 

24-41 

\        ^4% 

\  ^^<iQ     ,. 

I        

I       0-M 

16 

17-2 

\      ^loVi 
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On  two  Ooala  from  Cape  Breton,  Nora  Scotia,  their  Cokes  and  Ashes,  see  H.  How 
(Ckem.  Soc.  J.  1874,  325). 

Analyses  of  Japanese  coals  have  been  made  by  H.  S.  Munroe  (American 
Chemift,  v.  120).  These  coals,  which  are  found  in  25  out  of  tbe  62  provinces  of 
Japan,  are  obtained  principally  from  the  island  of  Yesso,  on  which  there  occur  three 
coal-fields,  viz.  in  Kayanoma,  Horumui,  and  Sorachi.  The  last  two  are  situated  on 
the  river  Ishikari,  about  30  miles  from  one  another,  and  are  perhaps  connected. 
The  Kayanoma  field,  on  the  west  coast  of  Yesso,  latitude  43°  10',  consiste  of  at  least 
rix  seams  £rom  3*5  to  8  feet  thick.  In  the  Ishikari  field  four  or  five  seams  have  been 
found,  from  3  to  5  feet  thick.    From  the  numerous  tables  accompanying  Munroe's 

Saper  the  following  may  be  selected  as  giving  a  good  example  of  the  composition  of 
apanese  coal : 


Koisture  . 

Hidza- 
nnki 

S-Sf 

Uon- 

shiki 

(stored) 

Tatelri 

Paru- 
Bhiki 

Honi- 
mui 

1 

Horu- 

mni 

2 

3-714 

5-360 

4095 

6060 

1-342 

5194 

8-479 

Carbon 

57-689 

65-221 

64*412 

56-283 

69-049 

72-982 

68-842 

Hydrogen. 

4-620 

5-222 

4911 

4-124 

5-256 

5*300 

4-771 

Oxygen  (and  N) 

10144 

10-118 

9-940 

10-271 

7172 

13-841 

16-180 

Sulphur    . 

3-766 

1-607 

1-449 

1-178 

2*386 

0*353 

0-472 

Ash  .... 

20068 

12-472 

15193 

23084 

14-795 

2-330 

2*256 

Hydrogen  and  Oxy-  > 
gen  (combined)         \ 
Free  Hydrogen. 

10-062 

10033 

9-832 

10-205 

6-718 

14-221 

15-727 

3-502 

4107 

3*818 

2-990 

4-510 

3-720 

3-024 

;  Heating  power  . 

5625 

6373 

6262 

5351 

6872 

6895 

6329 

Evaporating  power    . 

10-48 

11-88 

11-67 

9-97 

12*81 

12*85 

11-80 

Heat  of  combustion  . 

2504°  C. 

2476°  C. 

2556°C.!2510°C. 

1 

2605'*  a'2678''  C. 

1 

2531"  C. 

Moisture     . 

Sorachi 

Kodxnno 
Oignite) 

Miike 

Karatza 

Taka- 
schima 

Mean 

2-928 

14-346 

0-536 

2-690 

1-320 

4*589 

Carbon 

77-040 

62149 

69-280 

69-436 

78-633 

67-685 

Hydrogen    . 

6-685 

3-358 

6-624 

6-156 

5-816 

4*979 

Oxygen  (and  N)  . 

11-014 

16-396 

4-888 

11-920 

8-721 

10-800 

Sulphur 

0-542 

2116 

3-488 

1-177 

0*669 

1-699 

Ash    .... 

2-791 

1-636 

16-284 

9-621 

4-861 

10-448 

Hydrogen  and  Oxygen  > 
(combined)        .        .  ( 

11-041 

17*094 

4- 149 

12-060 

8*461 

10-800 

Free  hydrogen 

4-458 

1-469 

5063 

3-816 

4-876 

3-779 

Heating  power 

7492 

6286 

7072 

6664 

7747 

6499 

Evaporating  power 

13*96 

9-86 

13-16 

12-42 

14-44 

1211 

Heat  of  combustion 

2627°  C. 

2374°  C. 

2616*'  C. 

2581°  C. 

2644°  C. 

2566**  C. 

■  

Alteration  of  Coal  by  Exposure  to  the  Air. — A  series  of  experiments  has 
been  made  by  £.  Richters  (Dingf.pol.  J,  ccxcv.  315,  449 ;  ccxcvi.  317),  with  the  view 
of  determining  whether  the  absorption  of  oxygen  by  coal  at  ordinary  temperatures  is 
attended  with  oxidation  of  carbon  or  hydrogen.  Coal-powder  heated  to  1 80°-200° 
takes  up  oxygen  and  gives  off  carbon  dioxide  and  water.  The  absorption  of  oxygen 
is  however  greater  than  that  which  corresponds  with  the  quantity  of  the  gases 
evolved,  and  it  ceases  as  soon  as  the  hydrogen  and  oxygen  in  the  coal  stand  to  one 
another  in  the  proportion  to  form  water.  From  these  facts  Richter  deduces  the 
following  conclusions : 

1.  The  property  of  coal  to  take  up  oxygen  when  slightly  heated,  is  essentially 
determined  by  its  amount  of  available  (combustible)  hydrogen,  this  hvdrogen  being 
oxidised,  together  with  a  certain  portion  of  the  carbon,  whereby  water  is  formed,  and 
part  of  the  oxygen  enters  directly  into  the  composition  of  the  coal. 

2.  Different  portions  of  the  carbon  of  coal  exhibit  at  about  190",  different  degrees 
of  affinity  for  oxygen,  the  smaller  portion  (5  or  6  per  cent.)  uniting  with  the  oxygen 
to  form  carbon  dioxide,  while  the  remainder  exhibits  at  that  temperature  but  little 
affinity  for  oxygen. 

Tbeae  Jaws  Jikewiee  bold  good  tor  ordinary  temperatmei.    AlXoifW  \««K!g«wAAsct««^ 
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the  Absorption  at  oxj^gen  is  partly  physical,  the  rapiilit^  af  thb  a1 

Ctionol  to  the  surfkcis  nttraction  cnT  the  coxl.  hs  exhibitpd  by  it*    ,  _ 
tha  first  24  hours  20  gmms  of  di£farenl  kiudn  ut  coal  wort  fonw)   » 
2  to  il  cubic  centimelera  of  oxygen.    The  alsarptlTe  power  of  coal 

lluii?,  but  tha  decwDBB  Jobs  not  appear  "    '      '"- ^ ' "  " 

the  voul. 

At  higher  tenipamtures  the  oxidutiou  procveso  ubuvo  lirwri  lieii  CO  OD  am 
quickly.  Tho  nioiatuiB  of  the  cout  hiu  uuly  un  iudirert  ioSiience  in  aco(Jef«tiB|;  tl 
oiidatiou.  la  prmsnce  of  vsUr,  the  pyrites,  which  is  alvaye  coalaioed  in  a« 
beoomee  oxidisea.  and  this  oxidation  ia  altended  irith  a  rise  of  leiap«i>tuie  by  «^ 
the  oxidising  sctsou  is  sccelecated.  Tlie  fsrnc  oxide  resolliDg  from  this  aetJoD  eli 
takes  Qp  a  larger  epace  thim  the  iron  sulphide,  and  by  its  formation  lbs  ccmI  may  1 
more  or  leas  diaialegrat^  asd  rendered  more  uccessible  M  tbe  air.  laallj  the  in 
may  also  carry  over  oxygen  to  the  carbon,  the  ferric  oxida  being  lJier«by  ndaod  1 
fBTrons  oxide,  vhieh  again  takea  op  oxygea  from  (he  air,  then  girea  it  up  ksd  M  a 
Tbe  inflaense  of  daylight  on  the  oaidatiou  is  perceptible  only  in  old  eoaiM  ia  akii 
the  absorbing  poirer  is  already  considerably  reduced  ;  fresh  coali  oiidiss  in  the  dai 
as  quiclcly  aa  when  exposed  to  light.  The  ipontatieimt  cavAtutim  of  co&l  take*  fda 
-when  the  abaorptjon  aud  oxidation  proceasea  above  described  act  toggtlier  mi 
faTourahle  oircDmstaiice^  and  at  the  aame  time  Ibu  heat  dereloped  by  the  oxiduioa 
not  conducted  away. 

The  gradual  oxidation  or  '  wisathcring'  uf  coal  ou  exposure  tu  the  oir  it  stttad 
with  B  decrasw  of  beating  and  caking  power,  and  a  diminiabed  capacity  of  yiddii 
coke  and  gas.  It  takes  pUce  most  quickly  in  coala  &¥Bh  irooi  the  piL,  oiid  dimlniit 
in  iulensity  as  the  oxidation  advances.  The  absorption  of  oxygen  at  &rv.  latrsai 
liie  weight  uf  the  coal,  but  afterwards,  when  the  temperature  has  been  raiuil  bj  t 
oxidation  to  170°-1BO°,  n  perceptible  docraaae  of  weight  Ukea  place. 

A  weathered  coal  will  for  tha  most  part  yield  more  or  less  coke  tlun  t^  aai 
coal  when  fresh,  according  as  Xhe  dimiuutioa  of  its  hydrogea  eicsuda  or  Ealla  tbl 
of  the  increase  of  its  o^gco. 

The  quantity  and  quality  of  the  gas  yielded  by  cual  depends  eaaeDlially  ob  i 
amount  of  available  (unoxjdised)  hydrogen.  If  in  consequence  of  weathariag  a  fi 
of  the  hydrogea  baa  entered  iuto  combination  with  oxygen,  this  liydngen,  at  t! 
tempBratace  of  iho  gas-FBlorU,  will,  partly  at  least,  be  lost  fur  the  pKnpanlim  i 

itluminating  gaS.  The  quanljty  of  gas  obtained  from  fresh  cual  ia  in  fact  alwij 
greater  than  that  &om  weathered  coal. 

CaAin^jioiDero/Coal.^ThisquBlity  depends  mainly  on  the  amount  of  bydng 
in  the  coal,  and  ia  lost  altogether  when  the  coal  is  heated  for  some  time  la  loj 
whereby  the  hydrogeu  ia  driven  off;  in  weHthored  coal  which  has  loet  more  <a  lea 
ile  hydrogea  b;  oxidation,  the  caking  power  is  also  coDsidembly  diminished. 

The  caking  powers  of  dtflcreBt  coals  may  be  compftred  by  detenaining  the  reUti 
quantities  of  finely  levigated  qonrti: -powder  which  may  be  mixed  with  them,  s>  tk 
the  cake  formed  by  igniting  the  mixture  in  a  platinum  crudble  aa  long  as  combaaUl 
gasea  ate  given  off,  may  just  bear  a  given  weight  without  being  crubed  (UdkU 
Oiml.  pot.  J.  rxav.  71). 

E.  Fleck  (Dingl.  pol,  J.  excv.  430)  dsssifies  coals  according  to  the  reUdre  qtu 
titiea  of  combined  hydrogen,  and  of  free  hydrogen  avallabte  tor  combining  will]  eang 
which  they  contain.  Tho  quantity  of  hydrogen  in  coal  ia  far  the  most  part  grealertb 
that  which  is  required  for  combining  with  the  oxygen  and  nitrogen.  Hence  if  thu  si 
of  the  quantities  of  oxygen  and  nitrogen  -S,  and  that  of  hydrogen  U^'H,*! 
whore  H,  denotes  Ihe  free  and  U,  the  combined  hydrogen,  the  value  of  B,  mil  1 
approximately  _,  since  1  pjrt  by  weight  of  hydrogen  combinea  with  8  pan*  i 
oxygen  [and  the  amount  of  uitrogen  is  smalt  in  comparison  wllb  that  of  oxygen].  . 
then  H  and  S  am  known,  H,  can  easily  be  found.  The  physical  pniper^aa  of  ta 
seem  to  depuud  mainly  ou  tbe  proportion  between  the  free  and  combined  hyilrcigM. 

In  the  following  taihle,  deduced  from  tho  analyseti  of  a  large  number  of  coala  6n 
Upper  Silesia,  the  quantities  of  free  and  combined  hydrogen  are  refamd  to  IM 
ponnds  of  coal. 


Caking  coala  Contain 
UifBcultly  caking  gas- 
coals       .        .        .  Contain 
Non-caking      gasHSials 
and  Band-coala ,         .  Con\a\n\as»  tWn  VI  (tee,  Ibm  than  20  oombineJ  tt 
it- coala,  xnthrooitta    CoiiWiii  Uw  ^ilaD  Vl  Iti*.  muw 


4U  free,  less  than  2U  comUoed  B. 
iO  fret,  more  than  20  coubinid  B. 
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The  caking  power  of  a  coal  inereaseB  therefore  with  the  amonnt  of  free,  and 
iimiiiishes  with  the  amount  of  combined  hydrogen.  A  coal  may  be  rich  in  free 
tiydrogen,  and  nevertheless  may  possess  but  little  caking  power,  namely,  when  it 
uso  contains  a  large  amount  of  combined  hydrogen. 

According  to  F.  Muck  (Chemische  A^horwnen  uber  SteinkohUn,  Bochum,  1878; 
Jahnab.f,  Chem,  1873,  1U89),  Westphalian  caking  coals  (yielding  when  heated  a 
Dohflcent,  fused,  and  decidedly  tumefied  mass)  cannot  be  placed  in  Flak's  classification. 
Aoooiding  to  the  latter,  such  coals  should  contain  more  than  40  lbs.  of  ayailable, 
ind  less  than  20  lbs.  of  combined  hydrogen  to  1000  lbs.  of  carbon,  whereas  Mudc,  out 
of  49  samples,  finds  the  amount  of  available  hydrogen  to  be  in  25  samples  below  40, 
in  11  below  86,  and  in  4  below  30  lbs.  to  1000  lbs.  of  carbon.  Fleck  is  of  opinion 
that  the  degree  <xf  tumefiiction  of  coals  in  coking  likewise  increases  with  the  amonnt  of 
available  hydrogen.  According;  to  Muck,  on  the  other  hand,  the  greatest  tumefaction 
takes  place  in  £ose  coals  whi(£  have  the  smallest  total  amount  of  hydrogen,  and  of 
combined  hydrogen,  and  yield  the  largest  proportion  of  coke,  whereas  the  available 
hydrogen  has  no  influence  on  the  tum^&ction.  With  a  nearly  equal  total  amount  of 
hydrogen,  the  yield  of  coke  decreases  with  increasiuff  amount  of  combined  hydrogen, 
and  with  decreasing  amount  of  free  hydrogen.  With  nearly  equal  amount  of  available 
trfdrogen,  the  yield  of  coke  decreases  as  the  total  amount  of  hydrogen  increases, 
with  nearly  e^ual  combined  hydrogen  the  yield  of  cokd  decreases  as  the  proportion  of 
free  hydrogen  increases.  Goals  from  the  same  pit  often  differing  from  one  another  in 
Bxteraal  appearance  (lustre,  structure,  &c),  yield  less  coke  in  proportion  as  they  con- 
tain a  ffreater  proportion  of  available,  less  of  combined,  and  more  of  total  hydrogen. 
Coals  0?  equal  percentage  composition  may  contain  hydro^n  combined  in  various 
ways ;  they  are  then  isomeric  with  one  another,  and  in  spite  of  their  agreement  in 
Bhemical  composition,  they  yield  different  quantities  of  coke.  The  determination 
of  the  yield  of  coke  is  regarded  by  Muck  as  affbrding  a  very  good  criterion  of  the 
character  of  a  ooaL 

The  bituminous  shales  (Brandickitfer)  often  found  accompanying  caking  coals 
Dontain  a  larger  amount  of  available  hydrogen  and  of  volatile  constituents  in  general 
(caleolated  on  the  substance  free  from  ash),  than  coals  from  the  same  field,  use  re- 
g;azded  as  free  from  ash. 

Oases  enelesed  In  eoal.  An  examination  of  the  gases  enclosed  in  coals 
from  the  South  Wales  basin,  and  of  the  gases  evolved  from  blowers,  and  by  boring 
into  the  coal  itself;  has  been  made  by  J.  W.  Thomas  (Chefn,  8oe.  J,  1876,  798). 

The  method  of  collecting  the  gases  is  as  follows : 

SUoes  of  coal  were  sawn  out  al  the  middle  of  large  cubes,  and  a  strip  about  |  of  an 
inch  in  thickness  and  6  to  8  inches  long  was  next  cut  from  the  middle  of  this  dice,  the 
edges  being  rounded  off,  so  as  to  make  it  slide  readily  into  a  glass  tube  of  the  proper 
diameter.  The  coal  was  brushed  with  a  feather  to  remove  adhering  durt,  and 
quickly  placed  in  the  glass  tube,  one  end  of  which  had  previously  been  drawn  out  into 
a  long  narrow  neck,  so  as  to  form  a  connection  with  a  Snprengel  mercurial  pump.  The 
other  end  was  then  sealed  off  before  the  blowpipe,  at  a  sufficient  distance  from  the  ooal  to 
prevent  any  material  rise  in  temperature.  The  usual  water-joint  connection  was  then 
made  with  the  Sprengel  pump,  the  air  exhausted  as  quickly  as  possible,  until  almost 
a  perfect  vacuum  had  been  obtained,  and  the  last  portion  of  uie  gases  which  was 
brought  over  collected  and  subjected  to  analysis.  Many  of  the  bituminous  and  steam 
eoals  of  Uie  South  Wales  coal-field  are  of  a  porous  nature,  and  &r  from  hard  or  dense ; 
and  from  their  physical  aspect  it  appeared  probable  that,  on  withdrawing  the  air 
from  around  the  stnps  of  coal,  and  on  the  formation  of  a  partial  vacuum,  a  large 
portion  of  the  gases  enclosed  in  the  coal  would  escape.  This  however  was  not  found 
to  be  the  case,  as  very  little  gas  was  evolved  from  any  of  the  coals  examined,  even 
when  almost  a  complete  vacuum  had  been  obtained,  and  the  amount  of  gases  so  given 
off  rarely  exceeded  2  or  3  c.c  per  100  grains  of  coal.  Some  of  the  steam  and  bitu- 
minous coals,  which  were  hard  and  laminated,  as  well  as  the  still  harder  and  denser 
anthracites,  evolved  only  traces  of  gas,  whilst  the  enclosed  gases  were  rapidly  given 
aff  as  soon  as  the  temperature  was  raised. 

When  the  whole  of  the  air  had  been  removed,  the  tnbe  containing  the  coal  was 
immersed  in  a  vessel  of  boiling  water  and  kept  at  a  temperature  of  100^  for  about 
leven  hours,  or  until  the  mercury  pump  ceased  to  bring  over  any  appreciable  quantity 
3f  gas.    The  gases  thus  evolved  were  collected  in  graduated  tubes. 

From  10  to  30  grams  of  coal  were  usually  employed  in  each  experiment,  according 
to  the  nature  of  the  coal  and  the  quantity  of  gas  evolved,  a  very  small  quantity  of 
unthracite  being  sufficient  to  fumisn  an  ample  amount  of  gas  for  analysis,  whilst 
highly  bituminous  coals  gave  off  so  little  gas  that  80  grains  of  coals  were  required  to 
neld  the  neceBaary  voinme. 
SniSup.  MM 
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The  nipidJty  with  which  the  oednded  gases  are  erolred  hi  a  Taeonm  at  100* 
depends  upon  the  haidness  of  the  coal  and  the  quantity  of  gas  enclosed.  By  Cv  thi 
greater  portion  of  the  gases  given  off  at  that  temperatnze  is  brought  over  by  the  pmp 
during  the  first  three  hours. 

The  complete  expulsion  of  the  gases  is  not  howerer  effected  at  100®,  or  erea  at 
300°,  a  considerable  quantity  still  remaining  imprisoned  in  the  pores  of  the  coal  aftar 
it  hsA  been  kept  at  that  temperature.  In  a  few  instances  this  was  prored  by  heitiiig 
the  coal  to  300**,  or  close  upon  the  point  at  which  decomposition  b^ns.* 

The  coals  examined  were  of  three  kinds,  bituminous  coal,  also  called  houe- 
coal;  steam  coal,  intermediate  in  character  between  bituminous  coal  and  aatluadt^ 
and  very  abundant  in  the  South  Wales  basin ;  and  lastly  anthracite. 

The  gases  from  these  three  classes  of  coal  differ  in  quality  and  still  more  in 
quantity.  The  bituminous  coals,  when  on  or  near  the  surfeuie,  contain  little  cr  bo 
marsh-gas,  but  usually  a  large  proportion  of  carbon  dioxide.  The  quantity  of  gu 
which  they  yield  is  much  smaller  than  that  given  off  from  steam  coal  or  mm 
anthracite.  The  bituminous  character  of  a  coed  mi^ht  indeed  be  inferred,  without 
much  risk  of  error,  from  the  quality  and  quantity  of  the  evolved  gases. 

The  smallness  of  the  quantity  of  marsh-gas  usually  enclosed  in  bitaminous  eotb 
accounts  for  the  feet  that  seams  of  these  coals  can  be  and  are  worked  all  over  Sonth 
Wales  with  naked  lights.  The  few  samples  taken  from  deeper  levela  whidi  cnntaimd 
a  high  percentage  of  marsh-gas  still  differ  materially  from  the  steam  coal  sad 
anthracite,  by  giving  off  comparatively  small  quantities  of  gases.  The  reel 
difficulty  of  working  these  seams  arises,  in  fact,  not  so  much  from  the  presiMm  of 
marsh-gas  as  from  that  of  carbon  dioxide.  None  of  the  coals  examined  yialdaii 
carbon  monoxide. 

Steam  coals  evolve  a  much  larger  quantity  of  gases  than  bituminous  coals,  tad 
their  composition  also  differs  by  showing  invariably  a  very  high  percentage  of  manh- 
gas — as  much,  in  &ct,  as  87  per  cent.  The  volume  of  gas  depeods  in  a  gnit 
measure  upon  the  hardness  and  porosity  of  the  coals,  and  upon  toe  time  which  hat 
elapsed  since  they  were  removed  from  their  respective  seams  or  veins;  this  lattar 
remark  applies  equally  to  all  coals. 

Hard  compact  steam  coals,  especially  those  showing  laminated  Btrnctovs,  evdfa  a 
quantity  of  gas  approaching  to  that  given  off  by  anthracites. 

Steam  coal  also  gives  off  a  considerable  quantity  of  gas  at  200**,  after  having  baes 
previously  heated  at  100®  for  some  hours. 

Anthracites  yield  by  far  the  largest  gas-volumes,  e,ff.,  sample  14,  in  the  foDoviM 
table,  of  specific  gravity  1*35,  and  giving  on  analysis  2*67  per  cent,  of  hydrogeni  yialdsd 
from  100  grams  of  coal  as  much  as  600  c.c.  of  gas,  when  heated  at  100^  for  seven  ham. 
On  heating  it  to  200"  for  eight  hours,  close  upon  1,000  c.c  of  gas  were  obtained,  wlulak 
at  300^  a  still  further  quantity  was  given  ofi^  the  gas  obtainra  amounting  altogslher 
to  1875*9  c.c.  per  100  grams  of  coal. 

The  composition  of  the  gases  evolved  from  anthracites  closely  resembles  that  from 
steam  coals.  The  onl^  difference  appears  to  be  that  the  anthracites  from  the  westen 
part  of  the  coal-basin  occlude  more  marsh-gas  and  less  carbon  dioxide  (ssapla 
1 3),  and  that  they  are  absolutely  free  from  oxygen,  while  steam  coals,  as  a  role^  Aomti 
traces  of  oxygen,  probably  derived  from  air  difiused  into  the  coal  during  the  time  ef 
handling  it. 

The  gases  evolved  from  anthracite  at  100°,  200°,  and  300,  are  analogous  in  eoa- 
position,  in  so  far  as  they  consist  of  carbon  dioxide,  marsh-gas,  and  nitrogni  oalr; 
but  the  percentage  of  the  latter  is  reduced  to  a  mere  trace  (in  fiaet,  withb  tha 
analytical  limits  of  error)  at  the  higher  temperatures;  the  percentage  of  cariMi 
dioxide  also  decreases,  leaving  a  gas-volume  consisting  almost  entirely  of  nsnii* 
gas. 

The  following  table  shows  the  quantities  of  gases  evolved,  as  weU  as  the  p8^ 
centage  composition : — 


*  This  shows  that  Meyer's  method  of  expelling  the  gases  by  boUing  the  coal  wtthc 

Cind  Suppl.  868)  oould  not  have  yielded  the  whole  of  the  gases  enclosed  in  the  ooals.    Other  l 

of  InaooDiaoy  in  this  method  are  to  be  f  onnd  in  the  well-known  difflcolty  of  ranadng  the  vkels  flf 
the  gases  from  water,  eyen  under  reduced  preBsore,  and  tn  the  sohihUity  of  carbon  dloxtde  la  walar. 
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No.  of 

Gas  flfTolTed  by 
lOOgramiof 
coal,  at  100» 

Composition  of  Oases 

••inplft 

Carbon 
dioxide 

under  VBO. 

Oxygen 

ICanh-gaa 

Nitrogen 

1 

66*9  C.C. 

36-42 

0-80 

,     ^ 

62-78 

2 

61-2  cc 

16-77 

2-72 

040 

80-11 

3 

66*1  cc. 

6-44 

1*06 

63-76 

29-76 

3a 

73-6  cc. 

12-34 

0-64 

72-61 

14-61 

4 

194-8  cc 

604 

0-33 

87-30 

7-33 

5 

260-1  cc. 

13-21 

0-49 

81-64 

4-66 

6 

218-4  cc 

6-46 

0-44 

84-22 

9-88 

7 

147-4  cc. 

18-90 

1-02 

67-47 

12-61 

8 

876-4  cc 

9-26 

034 

86-92 

3*49 

9 

149*3  cc. 

11-36 

0-66 

73-47 

14-62 

10 

215-4  cc 

6-64 

0-64 

82-70 

11-12 

11 

24*0  cc 

22-16 

6-09 

2-68 

6907 

12 

89-7  cc 

9-43 

2-26 

31*98 

66-34 

18 

666'6  cc 

2-62 

^ 

93-18 

4-26 

" 

600*6  cc 

14-72 

84-18 

1-10 

1.  BitmninoiiB,  from  a  level  aboTO  South  Pit,  Plymouth  Iron  Works. 

2.  Bituminoufl,  from  Soath  Pit,  Plymouth  Iron  works. 
8.  BituminouB,  fh>m  Cwm-Clydach. 

So.  Semi-bituminous,  from  Bute  Merthyr  Colliery,  Bhondda  district 

4.  Steam,  from  Bute  Merthyr  Colliery ;  2  ft.  9  in.  seam. 

5.  Steam,  from  upper  4  ft.  seam,  Navigation  Oollieiy. 

6.  Steam,  from  upper  4  ft.  seam,  Bunraven  Colliery. 

7.  Steam,  from  upper  4  ft.  seam,  Cyfartha. 

8.  Steam,  from  6  it.  seam,  Bute  Merthyr  OoUiery. 

9.  Steam,  from  6  ft.  seam,  Dunrayen  dollieiy. 

10.  Steam,  from  9  ft.  seam,  Duffirya  Colliery. 

11.  Bituminous,  fr^m  Bettwys  Coal,  Ogmore  Valley. 

12.  Bituminous,  from  Lantwit. 

13.  Anthracite,  fr^m  Boville  Court 

14.  Anthracite,  Watney's  lianelly. 

It  is  necessary  to  observe  that  the  preceding  conclusions  as  to  the  large  quantities 
of  gas  evolved  from  anthracites,  apply  only  to  these  coals  when  examined  in  the 
lalwratoiy ;  and  it  must  not  be  taken  for  granted  that  because  a  coal  contains  a  large 
quantity  of  occluded  gases,  even  if  they  consist  mainly  of  marsh-gas,  the  seam  or  vein 
from  which  it  is  derived  is  a  fieiy  one,  and  requires  great  caution  in  working.  The 
very  reverse  is  indeed  often  the  case.  Steam  coal  yields  less  gas  than  an&acite, 
but  it  is  not  therefore  safer  to  work.  Before  removal  from  the  vein  it  holds  enclosed 
a  much  larger  quantity  of  gas,  but  being  less  hard  and  more  porous  than  anthracite  it 
allows  the  gas  to  escape  from  it  in  very  much  larger  quantities.  The  volume  of  gas 
rushing  out  from  the  working  faces  of  most  deep  steam  coals  is  enormous,  whereas 
little  is  evolved  from  the  working  fiice  of  anthracite  coal.  The  great  hardness  and 
jet-like  structure  of  the  latter  accounts  in  a  great  measure  also  for  the  large  volume 
of  gas  which  it  holds  enclosed,  and  it  is  probable  that  its  formation  must  luive  taken 
pli^  under  such  immense  pressure  that  the  gases  generated  during  the  transformation 
of  the  organic  matter  into  anthracite  were  not  able  to  make  their  escape. 

Gases  evolved  from  Blowers, — To  collect  these  gases  the  crack  or  rent  in  the 
rock  from  which  they  issued  was  carefully  filled  in  with  clay,  to  prevent  Uie  diffusion 
of  atmospheric  air,  and  a  small  hole  was  left  in  the  centre,  into  which  a  glass  fVinnel 
was  introduced,  and  made  air-tight  with  clay.  Glass  tubes  which  had  preyiously 
been  drawn  out  at  each  end  into  a  small  nedc  were  connected  with  the  funnel  by 
means  of  india-rubber  tubing,  and  screw-clamps  were  placed  upon  the  india-rubber 
connections  at  both  ends  of  tne  tubes. 

When  the  blower  was  a  strong  one,  it  was  only  necessaiy  to  allow  the  gas  to  pass 

through  the  tubes  for  about  ten  minutes,  in  order  to  displace  the  air.    In  most  cases 

however  it  was  found  impracticable  to  displace  the  whole  of  the  air  in  this  manner,  as 

the  gas  found  several  outlets  through  the  many  cracks  in  the  rock.    A  double-acting 

Bjrringe  was  therefore  employed,  and  when  all  the  air  had  \)e^Ti  ^i^\&o^\\iJb  \3c^y«« 

mm2 
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were  sligliilj  warmed,  the  clamps  screwed  tights  and  the  tabes  taken  "mtlioiit  ddijts 
the  lamp  station  for  the  ptiipose  of  sealing  the  ends  before  a  blowpipe  flmnei. 

To  compare  the  blower  gases  with  the  gas  evolyed  by  the  coal  won  in  tha  pSkrj 
or  heading  in  which  the  blower-gas  was  collected,  a  hole  was  drilled  into  Hia  solid 
fiekce  of  the  coal  itself^  and  the  gases  collected  in  the  manner  abora  mentioned.  Tht 
same  method  was  also  used  for  collecting  those  blowers  which  in  some  instancts  wot 
carried  to  the  surface  of  the  pits. 

The  following  table  shows  the  composition  of  blowers  and  gaaee  from  baringi :-. 


No.  of 
sample 

Whether  a  blower, 
or  obtained  by 
boring  into  ooftl 

Composition  of  the  gas 

Methane  or 
moish-gas 

Ethane 

Gaxbon 
dioxide 

Osjgen 

Hltootei 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Blower 

Boring 

Blower 

Boring 

Boring 

Boring 

Boring 

Blower 

Blower 

Blower 

Blower 

Blower 

Blower 

Blower 

97-65 
97-81 
96-74 
96*54 
74-86 
97-87 
95-42 
94-84 
9505 
47-87 
95-47 
95-51 
94-78 
95-56 

0-90 

0-50 
0-38 
0-47 
0-44 
0-15 
0-42 
0-60 
010 
4-26 
0-90 
0-62 
1-96 
0-72 
0-35 

4-69 

10-15 
0-11 

1-85 
2-31 
2-79 
3-02 

20-30 
2-21 
3-98 
5-06 
0-69 

41-58 
3-91 
2-5S 
3-60 
3-98 

1.  Chises  obtained  from  the  top  rock  of  the  6-ft.  seam,  DonraTen  OoSherj,  Tx^ 
herbert,  225  yards  from  the  surface. 

2.  Gas  obtained  by  boring  into  the  coal,  6-ft.  seam,  DnniaTon  Gollieiyp  25  jndi 
from  the  surface. 

8.  Gas  from  top  rock  of  4-ft.  seam  of  the  same  coUieiy,  and  at  the  Myne  depth. 

4.  From  the  same  seam  and  at  the  same  depth  by  boring. 

5.  From  6-ft  seam  of  the  Fochriew  Colliery,  No.  2,  llforthyr  '\^¥i^r%  395  jndi 
from  the  suzfiue,  by  boring. 

6.  From  the  9-ft.  seam  of  the  same  colliery,  by  boring  454  yazde  from  tb 
suiface. 

7.  From  the  4-ft.  seam  of  the  South  Pit,  Plymouth  Iron  Works,  Merthyr,  hj 
boring  300  yards  from  the  surface. 

8.  From  the  top  rock  of  the  same  seam  800  yards  below  the  Burfiuse ; 
out  together  with  the  gas :  hence  the  low  percentage  of  carbon  dioxide. 

9.  QtM  from  top  rock  of  6  ft.  seam,  Forchammon  Colliery,  Aberdare 
yards  from  the  surface. 

10  Ghks  from  a  rent  in  the  top  rock  of  the  4-feet  seam  No.  2  Cktllieiy, 
district. 

11.  From  a  heading  connecting  the  upcast  and  downcast  shafts,  Bute  Hsittjr 
Colliery,  Rhondda  district,  situated  about  20  yards  abore  the  2  ft.  9  in.  eeem,  and  89 
yards  from  the  surface. 

12.  Qa8  obtained  on  the  floor  of  a  hard  heading  between  the  6-ft.  and  9^leeinia, 
Maestog  Merthyr  Colliery,  140  yards  below  the  siuface. 

18.  Gas  obtained  from  the  lamp-room,  Llwynypia  Colliery,  Bhondda  Diatriet;  aid 
brought  up  to  the  surface  for  lighting  purposes.  Several  analyses  showed  that  k 
contained  a  small  quantity  of  some  hydi<x»rbon,  probably  emane^  in  yA^jtimn  to 
methane.  Some  of  the  other  samples  likewise  appeared  to  JDontain  tracea  of  tins 
hydrocarbon. 

14.  Gas  collected  from  the  side  of  Cwm  Park  Brook,  Ystrad  Tth^yp^a  dislzMft 
where  it  escaped  in  large  quantity. 

These  blower  gases  from  the  South  Wales  coal-field  exhibit  great  similazi^  cf 
composition  amongst  themselves ;  from  those  of  the  North  of  England  ooal-luidi 
analysed  by  Playfaix  (^Records  of  tlie  Muuwva  of  IWifiwyinao  GenlcM^^Xnsia  IMdV^uf 

differ  in  their  high  peTCQu\Ag^  oi  isiAx«\i-V5^^  «ii^  ^tsc^A3a!ul^iS^  Vs«  V>Bi^*>^>^^ 

nitrogen. 
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Qmmem  entilooed  In  Oannel  OoalSsand  7et  (J.  W.  Thomas,  Clem.  8oe,  J, 
1876,  ii.  144).  The  method  used  for  obtaining  the  eneloeed  gases  was  similar  to  that 
described  abore,  exciting  that  Florence  flasks,  having  their  necks  drawn  out 
and  bait  over,  were  substituted  for  glass  tubes  when  Scotch  cannel  was  employed* 
a  large  qnantitj  of  coal  being  reqxdred  to  famish  the  neoessaiy  volume  of  gas.  These 
eoals  were  broken  in  a  mortar  and  passed  through  a  sieve  having  9meshesto  the  inch, 
and  the  dust  was  removed  by  a  sieve  having  64  meshes  to  the  inch. 

The  following  table  shows  from  whence  the  cannel  coals  and  jet  were  obtained : — 


Ko.af 
Munfilo 

Deacriptlon 

District 

No.  1 

2 
8 

4 
5 
6 

Wigan  cannel  {  seam,  350  yards  deep. 

"Wigan  cannel  jseam,  600  yards  deep. 

Scotch  cannel  fSeywood  cannel,  WU- 
sontown). 

Scotch  cannel  (Lesmahaco). 

Whitehill  oannel  shale,  Lasswade. 

Whitby  jet  (finest  quality  for  orna- 
ments). 

Wigan    Arley   Mine,  Lancashire 

coal-field. 
Lancashire  coal-field. 
Lana^ 

Edinburgh. 
Whitby. 

Cannel  ooals  are  usuallv  very  hard  and  close-grained,  fracturing  oonehoidal,  with- 
out crumbling,  and  when  placed  in  a  vacuum  do  not  evolve  any  appreciable  quantity 
of  gas.  No.  1  was  somewhat  porous,  and  resembled  in  appearance  the  hardest  steam 
ooals  of  the  South  Wales  basin. 

CompasUum  of  OaaeB, 


Naof 

nmple 

Gtfl  evolved  by 

lOOgnnuiof 

ooalatKXP 

under  a 

vaoanm 

Carbon 
dioxide 

Methane  or 
manh-gae 

Bthaneor 
hydride 
of  ethyl 

Bntaneor 
dIethyL 

Nitrogen 

1 
2 
3 

4 

6 

6 

421-3  cc 

850-6  cc. 

18-6  cc. 

55-7  cc 

55-7  cc 
30-20  cc. 

6-44 

905 

53-94 

84-55 

68-75 
10-93 

80-69 
77-19 

4-75 
7*80 

2-67 

5C«H») 
)  0-91  ( 

86-90 

812 

5-96 

46-06 

14-54 

28-58 
2-17 

The  coals  examined  by  Meyer  from  the  Newcastle  and  Durham  coal-fields  did  not 
contain  any  hydrocarbon  other  than  marsh-gas  (2nd  Smppl,  858)  ;  and  the  bituminous 
anthracite  and  steam  coals  above  described  likewise  contained  only  00*,  GH\  0  andK 
as  occluded  gas. 

Cannel  coals  however  differ  considerably  from  all  these,  inasmuch  as  they  enclose 
ethane,  C^*,  and  most  probably  propane,  C'H*,  and  all  the  members  of  the  paraffin 
series. 

The  whole  of  the  cannel  coals  and  jet  contain  the  gases  of  the  paraffin  series,  and 
mHj  matters  apparentlv  belonging  thereto.  Wigan  cannels,  with  regard  to  the  gases 
which  they  hold  enclosed,  occupy  a  position  interm<^ate  between  steam  and  Scotch  cannel ; 
and  Scotdi  cannel  occupies  a  position  intermediate  between  bituminous  house  ooals  and 
Wigan  cannel.  Thus,  in  the  Wigan  cannels,  there  is  a  large  volume  of  gas,  consisting 
fbr  the  most  part  of  marsh-gas,  with  a  low  percentage  of  carbon  dioxide  and  nitrogen, 
and,  in  these  respects,  dosebr  allied  to  the  steam  coals.  The  Scotch  cannels,  on  the 
other  hand,  contain  but  little  gas,  which  consists  almost  entirely  of  carbon  dioxide 
and  nitrogen,  similar  to  the  bituminous  class  of  house  coals.  Scotch  cannel  contains 
a  small  quantity  of  the  higher  hydrocarbon  gases. 

In  the  analysis  of  sample  4,  the  respective  volumes  of  the  contraction  after  ex- 
plosion, carbon  dioxide  formed,  and  oxygen  consumed,  when  comparedwith  the 
volume,  agree  nearly  with  propane ;  it  is  possible,  therefore,  that  Qn.\  CH*,  C^H**, 
may  also  be  present  In  sample  No.  5,  CH*  and  CH'  agceeneazly  "mUitihAtQK^^^^ 
Tolnmes  above  mentioned. 


534 


COAL   (LIGNITE),   GASES  ENCLOSED  IN. 


The  gases  from  some  of  the  cannel  coals,  when  treated  with  ftimiiig  mlBliirii 
acid»  showed  indications  of  olefine  gases  OH^,  bat  it  is  probable  that  the  loss  ii 
Tolume  was  due  to  the  absorption  of  the  vapour  of  the  higher  bydroeaibona,  beeame, 
when  the  whole  yolome  of  combustible  gas  was  exploded,  the  CO*  fbrsied,  0  eoe- 
sumed,  and  contraction  due  to  explosion,  did  not  agree  with  the  calffulatied  Tolmna, 

Negative  results  were  obtained  with  ammonio-cuprouB  chioTidi^  showing  ths 
absence  of  carbon  monoxide. 

Jet  difiers  fiom  the  harder  cannels  by  occluding  only  a  small  percentage  cf  CO* 
and  N,  and  also  by  containing  a  large  percentage  c?  OH*H-s  gg^  xhe  tube  in  vUeh 
the  gases  were  brought  oyer  by  the  pump  contained  one-  or  two-tenths  of  a  ex.  of  oily 
matter  emitting  the  odour  of  paraffin. 


CkMes  endoeed  In  Ugnlte  and  Blineral  Sasla  itoia 
In  Bewonaliire  (Thomas,  Chem,  8oe,  J,  1877,  ii.  146).  The  chemical  eompositioa 
of  the  lignites  of  this  locality  approaches  that  of  some  of  the  cannel  and  bitnmiDou 
coals,  but  their  structure  differs  gpreatly  from  that  of  the  latter.  Considarable  dif* 
ferences  are  also  found  between  the  gases  enclosed  in  lignite  and  in  caand.  Tbs 
greater  portion  of  the  gas  enclosed,  both  in  lignite  and  in  cannel,  consists  indeed  of  CO*, 
but  whereas  cannel  encloses  gases,  and  apparently,  also,  liquid  eompounds  of  the 
paraffin  series,  the  lignites  contain  olefine  gases,  OH^,  and  ouy  matters  belonging  to 
the  aromatic  series,  in  addition  to  appreciable  quantities  of  carbon  monoxide.  ^ 

Lignites  are  much  less  stable  than  Uie  coals  of  the  carboniferous  fonnatioii,  dt- 
composing  in  a  vacuum  at  a  much  lower  temperature — ^which  in  all  those  eraiBimd 
was  below  200^ — ^whereas  the  coals  of  the  carboniferous  era  usually  resist  deeompoB* 
tion  at  300^.  Lignites  are  also  veiy  hygroscopic,  the  Boyey  lignites  e^Mcially  n, 
reabsorbing  from  10  to  12  per  cent,  of  water  in  a  few  hours  after  being  thoraogUy 
desiccated. 

The  following  table  shows  the  composition  of  the  gases  eyolved  from  leaff  Ugoiti 
from  Boyey  Heathfield  at  different  temperatures.  100  grams  of  this  lignite  erolvtd 
56-1  C.C.  of  gas  at  50°,  after  prolonged  heating  for  12  days  and  nights,  90  per  cnt 
being  giyen  off  in  the  first  two  days,  and  the  coal  being  apparently  exhausted  afUc 
the  {ow:th.  day.  The  same  lignite  subsequently  heated  at  100^  for  18  days,  efoM 
59*9  c.c.  of  gas.  The  temperature  was  then  raised  and  maintained  at  200^.  At 
about  150°  decomposition  set  in,  and  the  sur&ce  of  the  mercury  in  the  rollertiiig 
tube  became  blackened  by  formation  of  mercury  sulphide. 

Compontion  of  Gas  m  100  parts. 


CO     ...        . 
C02    .        .        .        . 

N      .        .        .        . 
SH«  .... 
0      .        . 

atfioo 

atlOO» 

ataoo^ 

IstporUon 

Snd  portion 

Sxd  poctka 

87-25 
3-59 

8-92 

0-24 

89-53 
5-11 
0-83 
503 

88-39 

8-83 

2-82 

0*46 

t 

8206 

1400 

0-97* 

0-15 

2-82 

71-13 

16-20 

1-09 

0-27 

5^ 

The  gas  eyolyed  at  the  higher  temperatures  smelt  strongly  of  organo-sulj^nr 

pounds,  and  blackened  the  mercury  in  the  tube  of  the  Sprengel  pump.  When  fint 
collected  it  smelt  of  mercaptan,  but  after  it  was  transl&rred  to  the  aroaratas  fir 
analysis,  the  odour  of  the  more  yolatile  sulphur-compounds  disappeared,  leaTii^  is- 
mistakable  eyidence  of  the  preiience  of  allyl  sulphide. 

A  woody  lignite  from  !Boyey  gaye  off  at  100°  a  yellow  sublimate  oonsisting  of 
small  crystals  of  sulphur ;  it  began  to  decompose  at  183°,  and  at  200**  gaye  off  ^ 
smelling  of  ally  sulphide,  but  containing  only  traces  of  hydrogen  sulphide.  The  ~ 
position  of  the  gas  giyen  off  at  200^ 


was 


00* 

CO 

OH"» 

CH* 

CH* 

N 

16*30 

7-41 

2-08 

3-34 

0*53 

0-34 

-    100 

The  gas  giyen  off  from  the  same  lignite  at  100°  contained  from  95'S4  to  96*74  pv 
cent  CO*. 


•  0*49  C?H*+0-4B  C?W. 

t  AsmanpeTContB45eo*SH?,VTidufljcA\iL^%C.Qi»,'w%aV^ 
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A  thiid  lignite  from  the  same  locality  gave  off  at  200*^, 

00*  00  OH**  H  BE*  N 

91-68  7*12  0-41  trace  0*41  0-88  -   100 

The  same  lignite  yielded  94-98  per  cent  00'  at  50^,  and  97'8  per  cent  at  100®. 

The  mineral  resin  (Hatchett's  retinasphalt,  y.  98)  yielded  but  a  small  quan- 
tity of  gas  at  60^  At  100**  in  a  yacunm,  100  gzams  of  it  yielded  21*4  cc  of  gas, 
eontaaning  in  100  pts. : 


00« 

00 

OH* 

N 

0 

88*24 

7*90 

0*47 

316 

0-23 

Between  110^  and  120®  the  resin  began  to  melt  and  decompose,  giying  off  a  large 
qoantity  of  solphnr-eomponnds,  which  attacked  the  mercnxy  of  the  pump  so  strongly, 
tnat  before  the  heat  was  raised  to  160®,  the  gas  could  no  longer  be  passed  oyer. 
Pieyioas  to  this,  however,  a  quantity  of  gas  was  obtained  equal  to  180  cc.  per  100 
grams  of  substance.  This  gas  smelt  somewhat  like  oil  of  amber,  and  oontamed  in 
100  pts. 

CO*  CO  OH»"  CH*  0»li:«  N  SH« 

78-88  7*82  2-67  805  1*86  031  0-41 


Analyses  of  London  coal  gas  have  recently  been  made  by  T.  8. 
Humpidge  (Chem,  8oc.  J.  1876,  i.  62  H.  The  samples  of  gas  were  collected  in  sealed 
tubes,  the  air  of  which  was  displaced  by  a  rapid  current  of  the  gas.  The  mode  of 
an.Uy8is  employed  was  that  described  in  Bunsen's  Gasometry,  in  the  chapter  on  Gas- 
analysis  in  Sutton's  volumetric  Analysis,  and  in  the  article  Analysis  of  Gases,  in  this 
Dictionary  (i.  268-289). 

To  distinguish  the  several  hydrocarbons  absorbed  by  fuming  sulphuric  acid,  it 
was  necessary  to  determine  their  carbon-density  (or  the  value  of  nin  the  formula 
OH*),  as  well  as  their  percentage  volume.  This  carbon-density  is  expressed  by  the 
volume  of  carbon  dioxide  produced  by  the  combustion  of  one  volume  of  the  hydro- 
carbons, thus : — 

C»    .    .    .    .     +  iiO«  -  nOO«  +     .    .    ,    . 

and  this  00'  was  found  in  the  following  manner : — 

The  heavy  hydrocarbons  in  100  vols,  of  the  gas  were  first  removed,  and  then  the 
volume  (A^  of  carbon  dioxide,  produced  b^  the  combustion  of  the  residue,  was  deter- 
mined. Tnen  the  volume  of  carbon  dioxide  (B)  oroduced  by  the  combustion  of  100 
volumes  of  the  entire  gas  was  determined.  Now,  if  the  percentage  of  the  condensable 
hydrocarbons  be  represented  by  0,  the  volume  of  carbon  dioxide  produced  by  the  com- 
bustion of  one  volume  of  these  gases,  in  other  words,  their  carbon-density,  or  the 
value  of  II  in  the  formula  0"H",  will  be : — 

B-A 
0 

Again,  their  equivalent  in  ethylene  (t.e.  where  fi"B2),  for  100  vols,  of  the  gas  is 
found  by  multiplying  their  percentage  by  half  their  carbon-density,  that  is  |  Oct, 
where  d  is  the  density ;  or  substituting  the  value  of  d  obtained  above,  the  equivalent 
in  ethylene  is 

B-A 

2 

The  results  of  the  analyses  made  in  May  1876,  together  with  others  made  by 
Frankland  in  1867,  ore  given  in  the  following  tables  (p.  686) : 

Frankland  has  shown  {Chem.  8oo.  J.  v.  39)  that  marsh-gas  and  carbon  monoxide 
eontribute  nothing  to  the  illuminating  power  of  a  gas,  being  in  fact  as  much  without 
illuminating  power  as  hydrogen.  In  the  case  of  cannel  gases  the  illuminating  power 
may  be  calculated  from  the  equivalent  of  ethylene ;  but  ordinary  coal-gas  contains 
traces  of  other  hydrocarbons,  possibly  paraffins,  (O'H*,  OH*,  0*H**),  not  condensable 
by  fuming  sulphuric  acid ;  these,  however,  have  but  a  slight  influence  on  the  illomi- 
nating  power. 

On  comparing  the  two  sets  of  analyses  of  the  London  gas,  made  at  an  in- 
terval of  twenty-five  years,  it  will  be  seen  that  the  real  illuminating  power  of  the 
gas  has  not  increased,  and  that  in  the  case  of  caunel  gas  it  has  actually  dimi- 
nubeds 
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Beithelot  (Conwt.  rend,  bcodi.  87 If  927)  has  examined  the  eoal-gaa  of  Pane,  and 
flnds  it  to  contain  oensene,  propylene,  allylene,  czotonylene,  and  terene  ^OH*).  The 
bemene  irae  detennined  by  collecting  the  gas  over  ivater  in  a  Teasel  which  yna  closed, 
when  Ml,  by  a  cork  supporting  a  tube  of  1  cc  capacity,  fiUed  with  fuming  nitric 
acid.  On  shaking  the  apparatus  this  tube  was  broken,  and  the  nitric  add  acted  upon 
the  benzene,  oonTerting  it  into  nitrobenzene ;  the  excess  of  nitrous  vapour  was  then 
removed  l^  potash,  and  the  volume  of  the  residual  gas  determined.  The  proportion  of 
bemene-vapour  in  the  gas  was  thus  found  to  be  from  8  to  8'6  volumes  per  cent.  The 
proportion  of  the  gas  absorbed  by  bromine  did  not  exceed  3*5  volumes  per  cent. : 
hence  Berthelot  concludes  that  the  quantities  of  acetylene  and  ethylene  in  the  gas  do 
not  amount  to  more  than  ji^  to  ^Ax.    For  the  estimation  of  butylene,  &&,  the  |;a8 

e  acid  ail 


was  passed  through  sulphuric  aciddiluted  with  an  equal  volume  of  water,  and  then 
orer  pumice  soaked  in  strong  sulphuric  add.  In  the  diluted  acid,  a  quantity  of 
tarry  liquid  (b.p.  860^-400^)  separated,  amounting  to  4  or  5  grams  fbx  100  cubic 
meters  of  the  gas.  The  watioy  liquid  itself  contained  about  0*25  gram  of  acetone, 
which  Berthelot  attributes  to  the  hydration  of  allylene  contained  in  the  gas. 

In  the  vessel  containing  the  concentrated  sulphuric  add,  a  supernatant  layer  of 
hydrocarbons  was  formed,  together  with  sulphuric  add  more  or  less  altered.  On 
treating  this  liquid  with  water,  a  qnantitv  (25  grams)  of  visdd  hydrocarbons  boiling 
at  800^  to  400^  was  separated,  and  sulphurous  add  was  evolved.  The  water  itself 
had  taken  up  isopropyl  alcohol  (0*5  gram).  From  the  supernatant  layer  of  hydrocar- 
bons the  following  were  separated : 

Benzene 2  per  cent. 

Hedtylene 6  „  (b.  p.  160°) 

Oymene 20  „  (  „  180°) 

Tricrotonylene  (C"H»»)     ...        .  80  „  (  „  220<>-240O) 

Oolophene(0»»H»«)  .        .        .        .  82  „  („  800°.820<>) 

Besidue 6  ,*  (  »*  320°) 

Loss 6  „ 

Berthelot  regards  these  hydrocarbons,  with  the  exception  of  benzene,  as  condensa- 
Uon-products  produced  by  the  action  of  the  sulphuric  add  on  volatile  hydrocarbons  con« 
tained  in  the  gas ;  men^Iene  by  the  imion  of  8  moL  allylene ;  cymene  by  partial 
oxidation  of  terebene  (0**H*'),  which  again  may  be  supposed  to  be  formed  from 
2  mols.  of  terene  or  propylacetylene  fC^ ;  tricrotonylene  may  be  regarded  as  a  con- 
densation-product of  crotonylene,  ana  colophene  as  nmilarly  formed  from  terene. 

From  the  preceding  data  the  portion  of  the  gas  absorbable  by  bromine  may  be 
supposed  to  contain  in  a  million  parts  by  volume : 

Vapour  of  benzene     ....  0*H'  30,000  to  85,000 

Acetylene C'H*  1,000 

Ethylene Cm*  1,000  to  2,000 

Propylene C"H«  2-5 

Allylene C"H*  8 

Butylene,  &c. C^H*  traces 

Crotonylene C«H*  81 

Terene       .        .                .        .        .  C*H»  42 
Keariy  non-volatile  condensation-pro- 
ducts        —  83 

Diacetylene  and  analagous-compounds  —  15 

These  hydrocarbons  may  be  supposed  to  be  formed  partly  hy  the  destructive  dis- 
tillation of  the  coal  itself,  partly  nom  the  so-called  fiindamentaf  hydrocarbons,  acety- 
lene, ethylene,  ethane,  and  methane. 

Dittmar  (Chem,  NetM,  xxxiv.  145)  has  analysed  the  gas  of  Edinburgh,  and  finds, 
in  accordance  with  the  results  of  the  analysis  of  coal-gas  from  various  sources  by 
Bunsen,  Landolt,  and  others,  that  this  gas  contains  but  an  extremely  small  quantity 
of  benzene,  and  scarcely  a  trace  of  any  neavy  hydrocarbon  except  etbylene.  He  shows 
that  the  liquid  bromides  separated  by  bromine  from  coal-gas,  are  almost  wholly  de- 
composed by  alcoholic  potash,  and,  consequently,  that  only  a  minute  proportion  of  them 
can  consist  of  benzene  bromide,  which  is  not  decomposed  by  alcoholic  potash.*  On 
the  oher  hand,  he  observes  that  benzene,  even  in  small  quantity,  may  increase  the 
luminodty  of  a  gas  much  moro  than  ethylene ;  for  a  mixturo  of  8  vol.  ethylene  with 

*  The  non*oooiiRenoe  of  beniene  bromide  among  the  liquid  bromides  obtained  from  coal-gas,  does 
Bot  prove  the  absence  of  bensene  in  the  gas  itself,  inasmuoh  as  bensoie  does  not  unite  with  bromine, 
gODoept  aadar  the  InSneooe  at  bright  sunshine. 
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8  vol.  hydrogen  bumfl  with  an  almost  non-luminoua  flame,  whereaa  hjdxogco  maati 
with  only  8  per  cent,  of  beneene-vaponr  bums  with  a  TtarY  bright  flame. 

On  the  Analysis  of  Goal-gas,  see  farther  Berthelot  (Ciomp^  remtL  IxzzitL  12i§; 
Ixxxiv.  670  ;  Chem.  8oo,  J.  1877,  i.  743  ;  ii.  447). 

The  following  comparatiye  statement  of  the  composition  of  eoal-gas,  u 
localities,  is  given  hj  F.  Chandler  (AmericoM  Ckemist,  vi.  285) : 


Heidelberg 

Bonn 

Ghemnite 

u— 

QUMi 

Hydrogen 

ooal-gM 

fM 

44-00 

39*80 

61-29 

46-00 

2770 

Marsh-gas  . 

88-40 

4312 

86-46 

89-60 

60D0 

Carbon  Monoxide 

6-78 

4-66 

4-46 

7-60 

6*80 

Heavy  Hydrocarbons 

7-27 

4-76 

4*91 

3-80 

U-00 

Nitrogen     . 

4*28 

4-65 

1*41 

0-60 

0-40 

Carbon  Dioxide  . 

0-37 

3-02 

1-08 

— 

0*10 

Water-vaponr 

— — 

-— 

200 

2iM> 

An  elaborate  paper  on  the  composition  and  properties  of  coal-gas,  with  zefefesee 
to  its  technical  value,  based  especially  on  an  examination  of  the  Berlin  gas,  hat 
been  published  by  Tieftronk  {Dingl.pol.  J.  ccxxii.  466,  668 ;  Jakresb.f.  Cksm,  1878, 
1168). 

Pnrifleation  of  Coal-ffas.     1.  FVom  Myd/rogtn  Sulphide  amd  .^msnoais.— Hm 
hydrogen  sulphide  present  in  crude  coal-gas  is  now  generally  removed  by  meani  of 
ferric  hydrate.    Now  this  hydrate,  technically  known  as  '  oxide,'  becomes  '  nsat,' 
after  having  been  used  some  twenty  or  thirty  times,  and  is  then  sold  to  the  vitriol- 
maker.    To  prevent  this  deterioration,  Harcourt  and  Fison  have  devised  a  pnoMi, 
which  at  the  same  time  removes  the  ammonia  from  the  gas  without  the  use  of  'senb- 
bers,'  and  enables  the  gas  manufacturer  to  obtain  sulphur  containing  but  httle 
impurity,  and  ammonia  in  the  form  of  sulphate.    The  method,  which  is  contimioii, 
consists  essentially  in  moistening  the  oxide  with  a  solution  of  ferric  sulphate  eon- 
taining  sulphuric  acid,  before  introducing  it  into  the  purifier.    The  ammonia  of  the 
gas  entering  the  purifier  is  converted  into  sulphate,  and  the  ferric  oxide  formed  fixes 
the  sulphur.    The  oxide,  after  removal  &om  tne  purifier,  is  washed  with  water,  whick 
removes  the  ammonium  sulphate,  and  a  portion  of  the  residue  is  boiled  with  dilute 
sulphuric  acid,  which  dissolves  ferric  oxide  for  a  fresh  charge,  and  leaves  the  solphnr. 
In  practice  it  is  found  best  to  proceed  thus :  the  oxide  taken  from  the  purifier  is 
washed  with  water,  and  the  liquor  evaporated  to  obtain  ammonium  sulphate,  a  little 
sulphuric  acid  being  first  added.    The  oxide  is  then  boiled  suooeesiTely  with  fim 
dilute  solutions  of  sulphuric  acid,  a,  6,  c,  d,  each  weaker  than  the  preceding,  aid 
finally  washed  with  water.    Solution  a  is  used  in  moistening  a  fresh  chaise  of  oside 
before  it  enters  the  purifier.    Solution  b  becomes  solution  a  when  more  oxide  is  leadj 
for  extraction.    Solution  o  then  takes  the  place  of  6,  and  d  of  c,  the  water  used  at  the 
end  of  the  previous  treatment  becoming  tne  solution  d  of  the  new  one  (Ckmm.  JSIam, 
xxviiL  176). 

2.  From  Carbon  Disulphide, — The  vapour  of  this  compound  is  not  removed  fha 
coal-gas  by  the  ordinary  method  of  purification  from  sulphuretted  hydrogen,  and,  eoa> 
sequenUy,  when  the  gas  is  burned,  sulphurous  anhydride  is  produced.  It  may,  howevs; 
be  removed  by  passing  the  gas  (either  before  or  after  purification)  through  an  iron  tabs 
filled  with  iron  turnings,  and  heated  to  redness.  The  sulphur  of  the  carbon  aulpldde 
is,  in  this  manner,  converted  into  sulphuretted  hydrogen,  and  the  total  amooot  of 
carbon  stdphide  is  so  fS&r  reduced,  that  the  gas,  after  purification  firom  sulphuiettsd 
hydrogen,  contabs  only  6  or  6  grains  of  sulphur  instead  of  80  grains  in  100  eaUe 
feet. 

A  somewhat  greater  reduction  in  the  amount  of  sulphur  is  obtained  by  hsatiiig 
the  gas  after,  instead  of  before  purification,  and  purifying  it  a  second  time.  Wlien 
coal-gas  is  passed  slowly  over  red-hot  iron,  a  soft,  oladL,  carbonaceous  deposit  is 
formed,  and  the  gas  is  deprived  of  a  ^rtion  of  its  carbon ;  but  if  the  gas  be  passed 
through  more  rapidly,  no  such  deposition  takes  place,  although  the  time  of  contact 
with  the  heated  surface  is  sufficient  to  effect  the  conversion  of  the  carbon  sn^hide 
into  sulphuretted  hydiogeii.  lu  t]tv^  laltAT  <!aa«>  t\o  diminution  in  the  iUuminatiag 
power  of  the  gas  takes  place ;  on  \^<ft  QoiAx^rj/x^  >i^^\i.«^\.\)% '«aiw^\ft\ii^^-«?>inea > 
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a  alightyet  perceptible  increase  in  the  iliuminating  power  may  be  observed  (A. 
Vernon  EUmsourt,  Chem,  Soc.  J.  1873,  299). 

mmtot  of  Beat  on  Ooal-vas.  Blochmann  (Liebig's  AnnaUn,  dxxiii.  187)  has 
studied  the  alterations  produced  in  coed -gas,  by  passing  it  through  a  porcelain  tube 
heated  to  nearly  1,000®,  the  temperature  being  estimated  by  means  of  small  pieces  of 
metals  and  alloys  of  known  melting  points.  The  following  table  shows  the  composi- 
tion of  the  gas  before  and  after  the  experiment : 

B6for0  After 

Hydrogen 49-67  6196 

Marsh-gas 86*92  80*49 

Oarbon  Monoxide 6*63  6*26 

Ethylene 8*92  1*26 

Butylene 2*99  0*17 

Nitrogen 0*07  0*86 

10000        10000 
Acetylene 006  6*11 

The  increase  in  the  amount  of  hydrogen,  after  passing  through  the  heated  tube, 
arises  from  the  decomposition  of  the  hydrocarbons,  and,  in  fact,  the  tube  was  found  to 
be  lined  with  a  deposit  of  oarbon. 

The  glass  tube  leading  from  the  heated  porcelain  tube  contained  a  deposit  of 
naphthalene,  the  production  of  which  may  be  explained  by  the  equations : 

6C?H*  «  6C?H«  +  6H« 
6C^«  -  C'»H»  +  H« 

aflbet  of  Oaontelione  Tabes  on  tlie  ninrntBatiwc  Vower  of  Ooal-gas. 

Znlkowsky  {Deut,  Chem,  Gea.  Bar,  x.  769)  has  measured  this  effect  by  enclosing 
three  mineralised  caoutchouc  tubes,  having  a  total  length  of  4*26  meters,  in  three 
glass  tubes  communicating  with  each  other,  and  with  the  gas-meter  of  a  photometrical 
apparatus.  The  gas-meter,  which  was  so  regulated  as  to  furnish  6  cubic  feet  in  an 
hour,  was  then  supplied  alternately  with  coal-|;as  which  had  passed  over  the  caout- 
chouc, or  with  ordinary  coal-gas,  and  the  illuminating  powers  were  estimated : 


lUwminating  Power  of  Coal-gas. 


Ist  series  . 

2nd    „      .         .        . 
orcl     f>      •                • 
4th 

DireoUy 
■appUed 

FftMedorer 
oaontohono 

DlrecUy 
supplied 

Faflsodorer 
caoQtchooo 

Directly 
■applied 

13-2 
12-2 

• 

10-7 
9*2 
7*8 
9*8 

12-9 
121 
11-2 
11-6 

7*6 
99 

11-3 
120 

The  diminution  of  the  illuminating  power  was  thus  proved  to  be  due  not  to  the  difiusion 
through  the  caoutchouc,  but  to  the  absorption  of  some  of  the  light-giving  constituents 
by  that  substance.  To  determine  the  amount  of  this  absorption,  some  pieces  of  black 
caoutchouc  were  dried  in  a  vacuum  over  sulphuric  acid,  and  then  placed  in  a  chloride 
of  calcium  tube,  through  which  perfectly  dry  coal  sas  was  passed.  The  increase  of 
weight  after  intervals  of  six  hours  is  given  in  the  following  table  : — 

The  wdgbt  of  the  caontchouo  tube  was  Incrase  of  weight 

At  the  commencement 11*889  — 

After    6  hours 12  001  0*162 

12    , 12126  0*124 

''     18    „ 12*268  0*128 

24 12-369  0116 

"30 12-606  0*136 

.,     41     , 12*691  0186 

.,47 12-746  0*064 

„     63     , 12-816  0071 

„     69    „      .        . 12*873  0*067 

Total         ....        1*024 
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When  tiiB  caontcbouc  tul>eB.  after  ssToral  dnya'  oxpomre  to  ths  ennvnt  of  gu,  * 
tiaDsferred  to  a  vacamn  over  sulphiiric  MCiil,  Uie  montimKleT  loae  ■lowlj  and  Uu  i 
phurtc  &eid  turned  block,  shawiug  that  the  absorbed  gaseoua  conatJtiteotB  wen  p 
off  again. 

Aa  tho  eame  effect  muat  bo  produced  by  diffuaioa  wten  the  isuiattbaae  tt 
are  eipoaed  to  the  ur.  it  is  easy  Co  bbd  why  tubes  irhich  have  besQ  in  use  tat  •  b 
time  diminish  the  ilinmioating  paver  quite  as  much  as  nev  ones. 

The  diminution  of  Tolume  caused  by  t^e  caoutchouc  was  found  to  be  vtrflKll 
smonntiDg  to  1-1  pec  cent,  only,  but  vag  much  greats  in  the  case  of  coal-gw  vtk 
had  been  passed  orsr  beoaeDe,  evidently  because  vapours  ate  more  asailf  dnsM 
than  penuanent  gases. 

Vmdiicta  of  Comliiutlaii.    On  the  products  of  the  combostion  of  coal-gu  i> 

the  non-luminous  flame  of  lite  Bunsen  burner,  and  of  its  imperfpct  combutim  » 
the  feeble,  BLrong-smeUing  ttama  which  bume  at  the  bottom  of  the  tube  of  the  ■«* 
bucner,  when  tbe  □pwurd  flow  of  Ihe  gas  is  not  strong  eDOOgh  to  keep  up  the  — '~ 
tion  at  tbe  top,  see  the  article  Fi.tnn  in  this  valnma. 

lYoducli/ormid  hy  ike  Coiidnisllcn  of  the  Inparitieg  in  Coat-gat. — C.  B.  Ti 

tCiwn.  A'nuj,  xix.  4)  Bnds  that  the  ammonia  and  aniline  in  coal^aa  ate  connMrf 
J  ondatiou  into  nitrous  add,  or  one  of  tbe  lower  oxides  of  nitrogen. 
The  products  formed  b^  the  oombltBtioii  of  tbe  Bulpbur  are  det«rtutied  Ui 


great  extent  by  the  compoaitian  of  the  gas.   In  gas  of  high  illominatins  powsr — d^ 
theceToie,  in  heavy  hydrocarbons— tbe^phuT  bums  to  ^phuroos  adtC  bat  iapstf 
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>w  illuminatjng  power  it  bums  to  Bulphuric  acid. 
From  exp«nmouts  by  Hoisch,  W.  C.  Young  and  Wigner  (jfna/i/st,  Nov.  IS'... 
13S,  136,  and  138),  it  appears  that  tbe  stilphur  in  oidtnary  coal-gas  ia  convfrtad  if 
burning,  for  the  most  part,  if  not  wholly,  into  eolphurie  acid.    Heisch  fooiid  the  w 
of  a  ai^ll,  badly  ventilated  room  in  which  coal-gas  was  burned,  to  be  free  liom  n1> 
phurous  add  ;  but  by  cooling  the  air  and  examining  the  moistnie  condeneed,  he  limd 
0*3  grain  of  H^SO'  pur  100  cubic  fest  of  gaa  burnt,  tbe  gas  containing  30  gntM  t 
Bolpnur  pec  100  cubic  feet.    lu  a  similar  eiperiment  with  gaa  oonl£Jiiing  S'fi  ^aifu^ 
sulphur  per  100  cubic  feet,  only  0'068  grain  of  H^SO'  was  found.    Tbe  prodoctioii 
fiulphunc  acid,  therefCFej  increases  iQ^re  Tepidly  thoD   tho  CiCtftftl  UAOOat  of       '  ' 
— Young  has  demonstrated  by  numerous  eiporlments  the  presence  of  sulphtme  ■ 
tbe  ur  ccT  a  very  well- ventilated  room  in  which  coal-gaa  was  burnt.     Hoist 
paper,  cards,  &c.,  placed  in  difTecent  parla  of  the  room,  and  washed  afl«r  the  eoBU 
tion  bad  proceeded  for  a  certain  time,  always  yielded  washings  oonlaining  nhb 
acid.    A  deposit  formed  on  the  inner  sur&cc  of  the  chimooy  of  a  '  Sugg's  Loa 
Ai^nd'  was  foond  to  consist  of  ataanio  sulphate;  hence  snlphnric  add  was  prodi 
dose  to  the  base  of  the  Bajne,  whore  combustion  is  supposed  to  be  but  partially  r  _ 
pUte. — Wigner  osamincd  the  air  which  escaped  from  an  artificially  ventilated  roomi 
which  coal-gas  was  burned;  no  sulpburous  add  was  detacted.  but  quantiliM 
sulphurio  add  were  obtained,  representing  22  to  63  per  cent,  of  the  total  sslphoi 


Bfltoot  of  Oeal-gam  on  Plajita.  Experiments  have  been  made 
Garden  at  Berlin,  to  determine  tbe  effect  produced  upon  the  roots  of  treea  and  titni 
bf  gas  escaping  from  pipes  into  tbe  soil.  A  muple  and  a  lime-tree,  3}  and  S^lMl 
diameter,  were  treated  diiily  for  sii  montbe,  beginning  in  July,  with  1 00  enlnc  feM  i 
gas,  introduced  2|  feet  under  the  surface  of  tbe  soil,  and  abonb  3  or  4  feet  team  tL 
tzves;  the;  began  to  look  sickly  after  a  montb'e  exposure  to  the  action  of  thegii;  tt 
maple  died  in  Ihe  following  spring,  and  Iho  lime  in  the  aummet-  An  4 
Ibo  roots  ahotred  that  the  poisoning  begins  at  tbe  growing  ends  of  the 
the  bark  of  the  roots  is  not  acted  on.  In  another  experimeot,  25  cubic  feat 
daily  passed  into  a  plot  of  ground  having  a  snrfocB  of  1 4t  square  feet, 
twelve  young  trees  bod  been  growing  for  a  year  and  a  lialf ;  the  trear 
of  poieonin^  in  a  week's  time,  where  the  surfaee  of  the  soil  bad  been 
down,  and  in  a  month  thay  hod  all  loEt  their  leaves  (Spath  and  Ifeyer, 
Landvnrthaehsft,  1872.  761). 

Further  experiments  showed  that  tbe  same  quantity  of  gas  applied' 
winter  has  a  much  less  iigurious  effect  than  when  applied  during  ''^~ 
growth.    It  was  found  thatwbpn  0'0186  cubic  meter  (6J  cubic  feat)  of  g  ..  ._ 

daily  during  the  apnng  into  a  plot  of  1419  square  meters  (163  sqaore  frat^tyO' 
meter  (21   feet)  deep,  on  which    1  ^  trees  wire  growiDg,_six  of  the  trees  were  im 
the  end  of  seven  weelLs,  and  after  1 1  weelu  only  two  were  living,  and  these  in  a  ncUf  j 
•late.    Lima  and  elm  (.teea  a^geal  Vi  xwW.  Oaa  uisoriefat  wfe    ^  "  "  — ■-' 

FeTtvoJU-Slationen,  iv\.  '1361. 
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J.  Boehm  (Chem,  Centr,  1873,  756)  found  that  cattings  of  willow,  the  lower  ends 
of  which  were  placed  in  flaaks  containing  a  little  water,  and  filled  with  ooal-gas,  deye- 
loped  only  short  roots,  and  that  the  buds  on  the  upper  parts  died  shortly  after  unfold* 
ing  in  the  air.  Of  ten  plants  in  pots  (yarieties  of  fnwhia  and  salyia),  amongst  the 
roots  of  which  coal-gas  was  conducted  through  openings  in  the  bottoms  of  the  pots, 
seyen  died  in  four  months.  To  show  that  the  plants  were  killed,  not  by  the  direct 
action  of  the  gas,  but  in  consequence  of  the  poisoning  of  the  soil,  seyeral  experiments 
were  made  with  earth  through  which  coal-gas  hi^  passed  for  two  or  three  hours 
daily  for  two  and  a-half  years.  The  rootlets  of  seeds  sown  in  this  soil  remained  yery 
short,  and  soon  rotted.  A  plant  of  Dractena  was  re-potted  in  the  soil ;  in  ten  days 
the  leayes  dried  up  and  the  roots  died.  Boehm  thinks  that  these  results  sufficiently 
account  for  the  fact  that  trees  planted  near  gas-pipes  in  streets  so  often  die  ;  and 
recommends  the  enclosing  of  gas-pipes  in  wider  tubes,  haying  openings  to  the  air,  and 
through  which  currents  could  be  maintained  by  artificial  means.  Such  a  plan  is  still 
more  to  be  recommended  on  hygienic  grounds,  since  it  has  been  shown  by  Pettoikofer 
that  infiltration  of  coal-gas  tkrough  the  soil  UkM  place  eren  into  houses  not  supplied 
with  gas. 


OOBAZiT.  On  the  Magnetic  pro|>erties  of  Metallic  Cobalt,  and  the  Altaration  of 
its  Molecular  structure  by  Magnetisation,  see  Maoihrisic. 

On  the  Spectra  of  certain  Cobalt-compounds  in  Blowpipe  Chemistry,  see  Homer 
{Ckem.  New,  1878,  i.  24^). 

Bioetian  with  I^fdroam, — ^A  thin  electrolytically  deposited  plate  of  cobalt  is 
opable  of  occluding  hyorogen  in  the  same  manner  as  palladium  (B5ttger,  J,  pr. 
diem.  [2],  iz.  198). 

BrecipUation. — ^W.  Glbbs  (Chem.  Nbw8,  1873,  ii.  61)  describes  a  modification  of 
W6hlei^s  method  of  precipitating  cobalt  from  a  solution  of  potassium  cobalticnranide 
by  mercuric  nitrate,  whi<m  consists  in  precipitating  from  a  hot  solution,  and  then 
boiling  the  precipitate  for  some  minutes  with  mercuric  oxide.  The  granular,  crystal- 
line, ^sily-washed,  precipitate  thus  obtained  is  ignited  in  contact  with  the  air,  and 
finally  reduced  in  a  current  of  hydrogen  gas. 

when  moffnesium  is  immersed  in  a  sdution  of  cobalt  chloride,  hydrogen  is  eyolyed, 
and  a  |;reen  precipitate  of  cobaltous  oxide  is  formed,  while  magnesium  chloride  re- 
mains in  solution : 

Coa*  +  Mg  +  H«0  -  CoO  +  MgCl*  +  H« 

(Kern,  CAmii.  Nmo9,  xxxii.  309). 

According  to  Leooq  de  Boisbaudran  (Oofimt  rend,  Lccdi.  1100),  metallic  cobalt  is 
precipitated  from  its  solutions  by  sine,  proyiaed  the  solution  is  not  too  acid,  and  con- 
tains also  a  metal,  such  as  copper  or  lead,  which  is  easily  reduced  by  sine. 

Eledrotlepotiti(m.''^AccoTdmg  to  Bottger  (Chem,  Centr,  1876,  640^  ft  bri^t  coat- 
ing of  cobalt  may  be  deposited  on  brass  or  copper  £rom  a  solution  of  the  chloride  of 
cobalt  and  ammonium,  sulnected  to  the  current  of  two  Bunsen's  elements.  The  solu- 
tion is  best  prepared  by  dissolving  40  grams  of  crystallised  cobalt  chloride  and  20 
grams  of  ammonium  d^oride  in  100  c.c  of  distuled  water,  and  adding  20  cc  of 
aqueous  ammonia. 

On  the  Estimation  of  Cobalt  by  Electrodepoeition,  see  Dmgl,  poh  J,  ccxxx.  66 ; 
Chem.  aoe.  J.  1877;  ii.  926. 

EetmatUm  hy  PreeipUatum  ae  Oxalate, — A  neutral  concentrated  solution  of  a 
cobalt  salt  is  treated  with  a  solution  of  potassium  oxalate  (1:6)  and  strong  acetic 
acid  is  added,  as  long  as  a  precipitate  is  formed.  This  precipitate  is  wanned  on  a 
water-bath,  collected  on  a  filter,  and  washed  with  strong  acetic  acid,  or  a  mixture  of 
equal  yolumes  of  strong  acetic  acid,  alcohol  (96  per  cent.),  and  water,  and  then  ignited 
in  the  usual  manner  (Classen,  Deut,  Chem,  Gee,  Ber,  x.  1816). 

A  similar  method  of  precipitation  may  be  applied  to  the  senaration  of  cobalt  (and 
of  nickel)  from  arsenic,  insteiui  of  the  use  of  hydrogen  sulphiae  for  precipitating  the 
latter.  The  arseniod  ore  is  dissolved  in  aqua  n^a,  any  great  excess  of  acid  is  ^unyen 
ofiT  by  evaporation,  and  the  boiling-hot  solution  is  precipitated  with  sodium  carbonate. 
The  precipitate  after  wacdiing  is  treated,  while  still  moist,  with  excess  of  a  strong 
solution  of  oxalic  acid,  whereby  the  cobalt  and  nickel  are  converted  into  oxalates, 
while  the  whole  of  the  arsenic  passes  into  solution,  together  with  any  ferric  oxide  that 
may  be  present.  The  mixed  oxalates,  after  thorough  washing,  may  be  separated  by 
means  of  ammonia.  If  copper  be  present,  it  may  be  separated  by  means  of  finely 
divided  iron,  before  the  precipitation  with  sodium  carbonate  (Wohler,  Bent,  Chem, 
Gee,  Ber,  x.  646). 

Sejforatumfrom  Nieid.-^TYaB  separation  may  be  effected  by  adding  a  aobitiQu  of 
jfofasttum  ranthate  to  a  cold,  sUghtly  acid  solutioii  o!  tViQ  ti?o  m«\x^)'«V«t^  >tK«| 
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are  precipitated  together  as  zanthates,  and  treating  the  precipitate.  afUr 
of  the  snpematant  liquid,  with  aqueous  ammonia  minted  with  an  equal  bvlk  of 
which  immediately  dissolvefl  the  zanthate  of  nickel,  leaving  the  cobalt  nit 
solved  (Phipson,  Chem,  Nnu,  zxxv.  270;  zzxyi.  150). 

Separation  from  Zinc. — ^This  metal  also  forms  an  easily  soluble  imnthate,  aad 
may,  thereibre,  be  separated  from  cobalt  in  the  same  manner  as  nickel  (Phipm). 
Another  mode  of  separation,  depending  on  the  Tolatility  of  one  chloride,  b  tiren 
by  Fresenius  {Zeiischr,  Anal,  Chem.  1873,  66).  Hie  solution  of  the  two  metau  ia 
hydrochloric  acid  is  mixed  with  a  sufficient  quantity  of  sal-ammoniac,  and  eTapontad 
to  dryness,  and  the  dry  residue  is  cautiously  heated  till  all  the  sal-amsumiae,  aad 
with  it  all  the  zinc  chloride,  is  volatilised. 

On  the  ManufSftcture  of  Large  Castings  of  Cobalt,  see  Winkler  {DingL  foL  J. 
ccxxii.  176 ;  Chem.  Soc,  J.  1877,  i.  238). 

On  a  Native  Hydroxide  of  Cobalt  and  Nickel,  see  Hbubichttb. 

Ammonlaoal  Compoiinds  of  Cobalt  (W.  Gibbs,  Amer,  J.  of  8eL  [S],  viiL 
189  and  296).  The  octammonio  chloride^  nitrate^  and  sulphate  (fhscocobaltie  salts), 
described  by  Fremy  (i.  1061 ;  Ut  Suppl.  477)  may  be  represented  by  the  foUowi^ 
formulBB: 


Co' 


/NH«— CI 

Nfl«— a 

NH»— NH 
Ntt 

NH»-CI 
^NH»— CI 


Co« 


/NH»-NO» 
NH«— N0« 
NH»— NH' 
NH»— NH« 
NH«— N0« 

vNH»— N0« 


!>o 


^NH»— NH^ 


NH»/^ 


and  Eunzel's  hyposulphite  (thiosulphate)  may  also  be  viewed  as  belonging  to  thu 
series,  thus : 


Co* 


NH«X^^ 

NH»— NHS.n 
NH«— NIPx>" 

^>0- 


By  the  action  of  ammonium  nitrite  on  neutral  salts  of  cobalt^  Krdmann 
the  salt  Co>(NO^*(NH')«  +  2(NH«)NOs.  Sadtler,  by  the  action  of  ammomum  nitritt 
on  acid  solutions  of  cobaltic  chloride,  obtained  two  salta  having  the  iianBiilft 
Co^NO*)"(NH*)*+2H»0  and  Co^NO*)>«(NH*)«  +  2HK),  respectively,  and  Gibba  1^ 
acting  on  cobaltic  chloride  with  ammonia  and  potassium  nitrite,  obtained  the  aatt 
Co>(NH*)«(NO<)«,  which  may  be  regarded  as  the  nitrite  of  the  hexamine,  0(f(JSBn. 
No  other  members  of  the  same  series  have,  however,  been  obtained  firom  it,  but  tii 
dichrocobalt  chloride,  Co'(N}P)*.Cl*  +  2HH>,  of  Fr.  Rose,  and  Kunael'B  aiilpfak% 
Co^NH')«(SO»)«  +  2H*0,  may  be  regarded  as  analogous  compounds. 

In  the  formation  of  the  hexamine  nitrite,  and  also  of  uie  two  aalta  deeeribad  by 
Sadtler,  an  absorption  of  atmospheric  oxygen  occurs.  On  repeating  Erdmann's  ex- 
periment for  the  production  of  the  hexamine  nitrite,  small  quantities  of  that  aali  won 
formed,  but  the  chief  products  were  salts  of  xaothocobalt.  The  *  aolutioo  remaium 
in  this  reaction  was  found  to  contain  a  salt  of  xanthocobalt  and  a  corresponding  sah 
of  the  octamine  series.  These  experiments  show  that  the  action  of  ammonium  nitriti 
on  salts  of  cobalt  in  presence  of  free  acid  is  veiy  complex,  not  less  than  six  elasass  of 
salts  being  formed,  of  which  two  belong  to  basic  series,  three  may  be  viewed  ai 
ammonium  salts,  and  one  is  probably  a  term  of  a  hexamine  series. 

Erdmann's  ammonia  nitrites  present  the  only  known  instances  in  which  cobalt^  hj 
combination  with  ammonia  and  nitroxyl,  forms  an  electro-negative  radide.  The  eoa- 
pound  Co^NH*)*^NO')'  may  be  viewed  as  existing  in  combination  with  two  atona  of 
a  monatomic  radicle,  exactly  as  the  compound  Co^NH')*(NO')*  combinea  with  two 
atoms  of  chlorine.    The  structural  formulse  of  these  two  salts  may  be  written : 


/NH»— N0« 
NH«— N0« 


OoM 


N<;^N— 0-OK 
N<^N— 0— OK 


Co«- 


^NH«— NO* 
NH«— N0« 
NH«— NH«— a 
NH»— NH^— CI 
NH«— N0« 
iNH«— N0« 
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UkaBium  Bait—The  potasaimi  salt  foniu  with  thallioui  nitrate  a  Bhmy-coloiiTed 
preeipitata,  which,  on  reciystallisation,  gives  well-defined  prismatic  oiys^s, 
having  apparently  the  same  form  as  the  corresponding  potassinm  and  ammonium 
salts. 

Mercurous  salt,  C6*(NH«)*(N0*)'Hg». — ^A  solution  of  potassic  ammonia-cobalt- 
nitrite  forms  with  mercnrous  nitrate,  a  crystalline,  orange-colonred  precipitate,  soluble 
with  partial  decomposition  in  boiling  water,  &om  which  it  does  not  crystallise  well. 

With  salts  of  cobalt,  nickel,  barium,  and  copper,  the  potassium  salt  gives  no  pre- 
cipitates. "With  lead  acetate,  after  some  time,  a  crystalline  brown-orange  precipitate  is 
formed,  soluble  in  hot  water,  with  partial  decomposition.  With  silver,  the  same  effect 
occurs,  but  in  small  quantities  the  precipitate  may  be  dissolved  without  decomposition. 

Compounds  of  ammonia-cobalt-nitrate  with  barium,  strontium,  &c.,  are  readily 
.formed  by  digesting  the  metallic  chlorides  with  a  solution  of  the  silver  salt. 
They  are  pale  orange-yellow  soluble  bodies,  which  have  not  been  folly  examined. 

The  potassium  salt  gives  crystalline  precipitates  with  various  alkaloids,  especially 
strychnine,  brucine,  &c.  They  are  soluble  m  hot  water,  and  ma^  be  crystallised 
therefrom  without  sensible  decomposition.  The  jpotassium  salt  gives  with  salts  of 
aniline  a  bright  yellow  precipitate,  which  is  immediately  decompoeeid,  with  liberation 
of  phenol ;  it  also  yields  ciystalline  precipitates  with  salts  of  croceocobalt,  xantho- 
cobalt,  and  luteocobalt.    It  does  not  combine  with  iodine. 

Dbcammonic  Compounds. — Xanthoeobaltio  j9a//«  are  formed  by  the  action 
of  red  nitrous  vapours  upon  solutions  of  cobalt  salts  in  presence  of  an  excess  of  am- 
monia, and  are  almost  the  only  products  of  the  reaction.  When  cobalt  chloride  was 
used,  crystals  of  the  chloronitrate,  Co«(NH«)"(NO«)«(NO»)«Cl«.  were  occasionally  de- 
tected ;  and  in  one  instance  in  which  cobalt  sulphate  wss  used,  mixed  with  such  an 
excess  of  ammonium  sulphate  that  ammonia  produced  no  precipitate,  a  considerable 
proportion  of  Erdmann*s  salt,  Co*(NH*)*(NO')*,  was  produced.  The  solutions,  after 
the  action  of  the  red  vapours,  contain  small  quantities  of  ammonia-cobalt-nitrate  of 
ammonium,  with  ammomum  nitrate  and  nitrite. 

Xanthocobaltic  salts  are  formed  in  large  quantities,  together  with  a  little  of 
the  octamine  nitrate,  by  the  action  of  a  mixture  of  potassium  nitrite  and  ammonia 
upon  cobalt  nitrate  in  presence  of  air,  whereas  when  the  same  mixture  acts 
under  similar  conditions  upon  cobalt  sulphate,  the  xanthocobaltic  salt  is  the 
only  product.  No  plausible  explanation  has  yet  been  found  for  this  difference  of 
action. 

If  a  mixture  of  oobaltic  nitrate,  ammonia,  and  ammonium  nitrite  be  placed  in  a 
tightly-corked  bottle,  no  reactibn  occurs  even  after  some  days  ;  but  if  a  little  peroxide 
of  lead  be  added,  this  oxide  is  reduced  in  a  few  hours,  and  laige  crystals  of  xanthoco- 
baltic nitrate  are  formed.  It  appears  probable  that,  in  the  action  of  the  nitrous 
vapours  upon  cobalt  salts  in  presence  of  ammonia,  the  xanthocobalt  formed  does  not 
result  from  the  direct  union  of  the  cobalt  salt  with  ammonia  and  nitroxyl,  but  that 
ammonium  nitrite  is  at  first  formed,  and  that  the  oxygen  necessary  for  the  completion 
of  the  reaction  is  derived  f^m  the  mixture  of  nitrogen  oxides  which  make  up  the 
red  vapours. 

Xanthocobaltic  salts  are  always  formed  when  salts  of  purpureo-  or  roseo-cobalt  are 
heated,  or  digested  in  the  cold,  with  alkaline  nitrites. 

On  treating  a  hot  solution  of  purpureo-cobaltic  chloride  addified  with  acetic  acid 
with  hot  potassium  or  sodium  nitrite,  an  anhydrous  salt  having  the  composition 
C6*(NH*V*(N0')<(N0«)>C1>  is  obtained.  It  is  a  nUroso-chUmHniraU,  and  might  be 
supposed  to  belong  to  the  a-decamine  (purpureo-cobalt)  series,  but  is  more  probably 
the  chloro-nitrate  of  xanthocobalt,  as  it  yields,  with  various  reagents,  precipitates  of 
xanthocobaltic  salts. 

Oold  salt, — On  adding  an  excess  of  sodio-auric  chloride  to  a  solution  of  the  chloro- 
nitrate, prismatic  wine-yellow  crystals  are  formed,  having  the  composition 
Oo^NH«)«(NO«)«(NO«)«a»  +  Aua».  On  boiling,  the  salt  is  decomposed,  with  deposi- 
tion of  metallic  gold. 

Plaimum  salt. — Platinic  chloride  precipitates  the  chloro-nitrate  almost  immediately 
in  wine-yellow  needles  which  have  the  composition  Co«(NH«)»«(N0«)«(NO»)«01«+  2PtCl«. 
They  yielded  no  water  w^en  heated  to  140^. 

Branuhnitrate. — Solutions  of  xanthocobaltic  bromide  and  of  the  nitrate  of  the 
same  base  mixed  in  the  proportion  of  one  molecule  of  each,  yielded  after  some  hours 
a  dark  crystalline  body  having,  after  two  crystallisations,  the  composition 
Co^NH>)>«(NO*V(NO«)«Br'.  The  salt  is  much  less  stable  than  the  chloro-nitrate,  and 
decomposes  on  niither  crystallisation. 

The  endeavour  to  form  a  double  salt  of  xanthocobaltic  nitrate  with  purpureooobaltic 
chloride,  by  mixing  their  solutions  in  molecular  pxopoiticiXit,  "waa  om'^  "^gnii^aa^^  «a<^ 
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CMifal ;  but  it  Bwoni  established  Cliat  ancb  a  donble  rait  maj  esitt. 
with  the  ot^oet  of  fbrmiDg  ssTerol  othei  doable  talU  bjr  eimitu' 
definite  reanltfl. 

The  above-desccibed  DitFoo-cblaro-nitjale  nppeon  to  be  tbe  b 
garded  bj  Qibbe  as  the  chloride  of  a  special  radicle,  the  eo-cal 
might  be  suppoaed  that,  becaiue  the  chloride  and  nitiale  of  sa 
combine  to  form  the  chtoro-nitrate,  the  tiro  salts  veie  Uomorphonl,  and  sooU 
fore  CEystallisB  togetter  in  all  proportions;  it  u  Bhowo,  howerer,  by  *      ' 
Oooke'e  meaauremeitU  of  the  ciyntals  of  the  nitrate  and  chloride  reapec*" 
fbrmeF  belongs  Iji  the  dimetric,  and  the  latter  to  the  trimetria  syitsm. 

Satte  of  lantbocobalt  are  formed  by  the  acUon  of  Fiecher'B  aalt, 
QpOD  salts  of  Toeeo-  or  pnrpuieo-cobalt.    Thus,  if  Fiacbot's  lall  be  added  tti_ 
acidified  Bolntion  of  purporeo-cobaltic  chloride,  the  liquid  on  oaoliog  depooti 
of  xonthocobaltic  chloride,  the  comptementaiy  prodi 
cobalt  nitrite,  and  nitrogen  tetroiide. 

The  ckroTnate.  Co'(MH')"(NO")'(HO')'(CrO')'.2HKI,  U  fonnod  by  the  additiio  o( 
nomml  potas^nm  chromate  to  xantboeobkltie  nitrate.  It  ia  bnt  elightly  •olabie  in  bs 
or  cold  water,  and  lose*  only  0B8  percent,  of  water  at  1*6°. 

From  this  salt  the  ehlonde  and  snlphate  of  zanthucobalt  are  most  eauIj^ta4oeg4 
tbe  former  bj  adding  barium  chloride  so  long  as  bariom  chromate  is  pTecipi(aud,tlw 
Utter  from  the  former  bj  doable  deoomposltion  with  silTer  8u]pbaC«.  Xhe  ''  ' 
Oo^NH')i'(NO')VCr'O')',  is  produced  by  the  addition  of  potasaiimi  die 
itMmgsolntJooiofxanthocobdtic  nitrate.  It  ieeuil;  soluble  in  hot  water,  &nn  wU^ 
it  cnystallisei  on  cooling. 

LtdonUpiatM. — la  solntionB  of  lantbocobaltic  nitrate,  potoaaium  iodide  jiriJ^  i 
tome  time,  pale  brown-yellow  crystals  of  the  iodide,  Co'(NH'}'"(NO'W.   **" 
in  solution  of  potassium  iodide  be  used,  no  periodido  ie  formed,  as  is  th 
iodide  of  tbe  heiamine  serise  ;  bnt  iodine  is  precipitatnd  in  crystals. 

With  lanthocobaltic  sulphate,  potaasinm  iodide  yields  a  pre^dtAtai 
brawn  needles,  crystallising  in  Ihissf  prisms  after  re-dissotntion.     lludr  I 
found  to  be  Co'(NH")i'(NtP)'SO'I'.2H'0.    The  xanthoi^obaltio  Bolphnts  yiens  wi 
iodine  in  solutioa  in  potassium  iodide,  raby-red  crystals,  which  are  decomposadtv 
boiling  water  and  cannot  be  redTEtallised.     The   analHical   nomben   oblwiq 


NH"— NH'-I 


NB*— NB'— I 


,    „  J  NB-— NIP— (K  Q  /O— I. 

and    CoM>,H'-NH'-0>^<0-I. 


NH'— NH'.^" 
NH'-NH'- 1 

NH'— NO' 

An  attempt  to  produce  a  plntinocbloride  of  chlorosulpho-ianthoeobalt  bj 
■odio-platinic  chloride  to  x&nthocohalt  sulphate  was  not  enreessfiU. 

Xantieaiballic  IfilriCt. — By  boilJDgsilrur  nitrite  with  pDrporeocobnltic  chl(iride,al 
eTaporatJnK  the  filtered  solution,  two  satt«,  one  in  scales,  and  one  in  octohednl 
tals,  ware  formed.  The  tbrmar  was  found  to  be  tbe  amraonia-cohalt-ailrUt  ^  t 
Co'(NH')"{NO')'Ae';  the  other  (which  is  belter  prodTiced  by  decomponng  n« 
baltio  fulphate  with  bariom  nitrite,  and  eraporntingthe  filtered  liqnot),  WM  6x1 
he  tbe  KmOuKobaltie  nitrits,  Co'(NH")i"(NO')*.4H'0.  From  its  smpirieal  team 
might  be  regarded  aspurpureo-orroeeocobaltic  nitrite,  bnt  as  it  gives  all  tiu  nsi 
of  zanlhocobalt,  it  is  more  probably  tba  normal  nitrite  of  the  natho-* 
Co*CKH')"(N0')'(N0')'.4H'0. 

Ammmaa-BiA^t-^tr^e  of  Xanthocobidl.—'By  the  addition  of  a  solntion  of  poturit 
ammonia-cobalt  nitrite  to  a  solution  of  xanthocobaltie  nitrate,  a  crystalline  predpjtsli 
is  fonned,  which  may  be  recrystallised  without  deoomposition.  Its  eolations  gin  Ol 
TeactJoas  of  lanthooobalt,  and  its  formula  is  (Co'(NH')"(NO')')  j  Co'{NH')'^-OW 
It  is  metamerie  with  the  correepondlDg  salt  of  tbe  hexamine  series,  and  nk 
Erdmann's  Oo^NB')'(NO')',  of  which  it  is,  nniaoricaUy,  the  threefold  mnltiplo.  ( 
Btaodiiig  for  some  time  in  solution,  it  decomposes,  yielding  a  considerable  qnanlitf  < 
cobalt  nitrate. 

XaaChoaibaltia  Oxalati.— This  salt  has  been  erroneonaly  snppoMd  to  Q^» 
2i  mol.  H'O.    Itie  really  snhj'drous,  the  analyses  oorresponding  with  t^fbtM 
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The  following  is  a  list  of  the  salts  of  the  xantho'series  at  present  known : 


Chloride    . 

Bromide    . 

Iodide 

Nitrate 

Nitrite 

Sulphate   . 

lodoanlphate 

Hyperiodosnlphate    . 

Aorochloride 

Platinochloride . 

Mercoro-chloride 

Oxalate     . 

Ghromate . 

Dichromate 

Ammonio-cobalt-nitrate 

Ferrocyanide    . 


C6»(NH»)"(N0»)«C1* 
CoXNH»)»»(NO»)«Br* 

Co«(NH»)'«(NO0*I* 
Co^H«)W(NO«)«(NO«)« 

C6*(NH«)'»(N0«)«(N0«)*  +  4H«0 
Co«(NH»)'»(NO«)XSOV 
Co«(NH»)'»(NO«)«0«P  +  2HK) 
CoXNH«)'«(NO»)«0«I« 
Co»(NH«)"(N0«)«Cl*.2Aiia«  +  H^O 
Co«(NH»)>»(NO«)KJl*  J»t01«  +  HH) 
Co^NH»)"(NO»)«a«.4Hga* + HK) 
Co«(NH»)'«(NO«)XC«0<)» 
Co^NH»)"(NO»)«(OrO*)«  +  2BP0 
Co«(NH»)»«(NO«)^Cr*0»)« 
Co«(NH»)"(NO«)«|  Co«NH»)«(NO«)»} « 
Co*(NH»)»«(NO«)«FeCy«+  6HK) 


CoXNH«)wa«.2AuCl«,  or  Ck>«- 


Purpureooobaltio  Salts, — ^The  auroehloride  is  obtained  by  addition  of  a\iro- 
sodie  chloride  to  purporeocobaltie  chloride  oontaininff  firee  hydrochloric  acid.  After  some 
hours,  flat,  prismatic,  ruby-red  crystals  are  deposited  having  a  violet  lustre,  and  exhibit- 
ing, after  standing,  a  superficial  reduction  of  gold.    The  formula  of  the  salt  is : 

/NH«— a 

NH«— NH«— 01>.  .   rnt 
NH«— NH«— Ci^^'^^^ 

NH»— NH«—CU^'^'*^* 

VNH»— a 

from  which  it  appears  to  be  unsaturated,  similar  salts  with  4  and  6  atoms  of  auric 
chloride  being  possible. 

Merouro-chloride. — On  the  addition  of  an  excess  of  mercuric  chloride  to  a  solution 
of  ]^urpuzeocobaltic  chloride,  a  dull  red  salt  separates,  slightly  soluble  in  cold,  more 
so  in  not  water,  especially  if  free  hydrochloric  acid  is  present  Its  formula  is 
Co<(NH*)**(a*).6HgGP.  K  the  purpureocobaltic  chloride  is  in  excess,  or  if  the  salts 
are  mixed  in  atomic  proportions,  a  salt  separates  in  violet  prismatic  crystals,  which 
hare  the  formula  Co^NH')>*Cl*.4HgGl^  The  salt  with  6  atoms  of  mercury  may 
perhaps  belong  to  the  roseocobalt  series,  since  it  is  formed  by  the  addition  of  sodio- 
mercuric  chloride  to  the  soluble  modification  of  roseocobaltic  sulphate  (see  next  page). 

AsUimoniO'Ckhride. — ^The  addition  of  a  solution  of  antimonious  chloride  to  one  of 
purpureocobaltic  chloride  affords  a  precipitate  of  violet-red  crystals,  which  are  decom- 
posed by  water,  with  separation  of  SbOGl.  The  salt,  after  washing  with  strong 
hydrochloric  acid,  squeezing  in  blotting-paper,  and  drying  at  100^,  has  the  composi- 
tion Co»(NH«)»»a«.SbCl». 

Bismuthous  chloride  gives,  with  solutions  of  purpureocobaltic  chloride,  a  lilac-red 
precipitate,  insoluble  in  hydrochloric  acid  and  decomposed  by  water. 

NeiUral  Chromate,  CoXNH')'*.0.(CrO*)'. — By  mUdng  solutions  of  purpureocobaltic 
nitrate  and  neutral  potassio  chromate,  a  red  ciprstalline  precipitate  is  thrown  down, 
which  is  soluble  in  hot  water,  soon  decomnosing,  however,  unless  some  f^  acid  is 
present.  Strong  solutions  of  the  salt  are  red ;  dilute  solutions,  orange-yellow.  The 
equation  representing  its  formation  is — 

Co«(NH»)'»(NO*)»  +  2K«Cr20*  -  Co^NH'j'^.O.Or^O*  +  4KN0»  +   2HN0. 

The  nitric  acid  thus  liberated  dissolves  a  portion  of  the  salt,  forming  dichromate, 
which  remains  in  solution. 

When  neutral  potassic  tungstate  is  digested  with  neutral  purpureooobalt  nitrate,  a 
'pirikpurpureocobaitie  tungstate  is  formed,  and  the  liquid  then  gives  a  strong  acid  reaction. 

Neutral  purpureocobaltic  chromate  yields,  with  potassium  iodide,  a  red  ciystalline 
precipitate,  for  which  no  definite  formula  has  yet  been  obtained,  but  it  appears  to  be 
a  mixture  of  the  neutral  chromate  with  iodochromate.  The  crystalline  precipitate* 
formed  by  admixture  of  solutions  of  potassic  chromate  and  purpureocobaltic  chloride, 
IB  probably  a  mixture  of  the  chromate  and  chlorochromate. 

Dichromate,  Co»(NH')>»(Cr30')«.HK).— A  granular  red  precipitate,  which  may  be 
erjBtjillJsed  from  hot  water — the  crystals  having  then  a  bnck-T^  ooVsxa  m^OfiL^rc^'oiA 
3ni  ^uj>.  ^  N 
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lustre— is  obtained  by  mixing  solntions  of  potassie  dichromate  and  popmo* 
cobaltic  nitrate. 

In  preparing  pnrpnreo-cobaltio  nitrate  by  the  oxidation  of  ammoniaal  eobih 
nitrate  vnth  potassic  dichromate  (Hills'  prooees),  a  large  quantity  of  onqgt-nd  erph 
talline  scales,  with  goM  xoflections,  was  obtained,  which  after  reurjritjilliiitinn. 
exhibited  the  composition  CoXNH«)»«(Cr«0')«.5HK). 

With  porpureo-cobaltic  chloride,  potassium  dichromate  gives  a  dark  red  erysUUinc 
precipitate,  consisting  of  a  mixture  of  chromate  and  chlorochromate  of  pmpano-fiobalr. 

Gibbs  has  also  t&ulated  the  formnle  of  the  less  known  oomjpoande  of  tfat  pv- 
puroo-,  roseo-,  and  luteo-cobaltic  series,  as  follows  {Deut,  Ckem.  Get,  B&r.  is.  187): 


Basic  Nitrate 
Ghloronitrate 
Basic  Tungstate   . 
Chloroxalate  (Krok) 
Neutralised  Sulphate 
Pyrophoi^hate  (Braun) 
Ammonio-cobalt  Nitrite 
Cobaltinitrate 
Chlorofluosilicate . 


Sulphates,  a,  3,  7  . 
Acid  Sulphate 
Basic  Oxalosulphate 
Acid  Oxalodisulphate 
Acid  Oxalate 
Mercuro-chloride  . 
Sulphatoplatino-chloride, 
Sulphatauro-ehloride,/3,  y 
Oxaloplatino-chloride,   . 


Purpureo-cobalt  8erie$. 

Co«(NH«)>»0.(NO»)«  +  6H«0 
Co«(NH«)"a»(NO»)»+  CoXNH»)»^'0«)« 
Co«(NH«)»»0(WO*)» 
Co«(NH«)»»Cl^C>0«)« 
Co«(NH»)>"(SO«)»  +  H*0 
(V(NH«)»»P«0"  +  21  H*0 
[Co»(NH«)"][Co«(NH«)<(NO*)T« 
[(MNH«)»«(NO*)P]«[Oo^NO«)«^»+  9H»0 
CJ6«(NH^««(8iF^«  +  9BK> 

KoMO^echaUic  Series, 

C5o«(NH»)'»(SO*)«  +  6HH) 
Co«(NH»)'»(SO*)«.SO«H«+  4H«0 
Co«(NH«)»«O.C»0«.SO*+  7HK) 
C5oXNH»)".C?0«.(SO*)».OH»0*+  2H«0 
Co'(NB»)"(OK)*)«  +  4(?H«0« 
Co>(NH»)»»a«.6HgCl« + 4HH) 
/3,  y        Co^NH«)>»(SO*)Kn«.Pta^ 

Co»(NH»)»^SO«)K31«Jln01«  +  4H«0 
CJo«(NH«)»»(CK)*)^l«Pta* 


Luieo-^oballio  Series, 


Bichromate  . 

I^rophosphate 

Gobaltonitrite 

Ammonium-cobaltonitrite 

Snlphatoplatino-chloride 


Co«(NH»)»XCi:*07  *  6HK) 
Co«(NH«)>«PH)»«+6H«0 
CoXNH»)«[CoXNO«)»«] 
Co«(NH»)"[Co«(NH«)«(NO«)T« 

co^NH«)>«(so*ya«.Pta« 


All  these  salts  are  crystallised.  Gibbs  has  also  obtained  a  new  aeries  of  nlte 
isomeric  with  the  roseo-cobaltic  salts,  and  having  the  yellow  or  orange-ydkw  of  tb 
luteo-salts.  There  are  now,  therefore,  three  series  of  roseo-cobaltic  ealti,  npresntid 
by  the  ordinary  sparingly  soluble  sulphate  a,  the  soluble  sulphate  /B,  and  the  yaUav 
sulphate  7. 

The  following  ammonio-cobaltic  compounds,  in  which  the  molecular  ntio  cf 
ammonia  to  cobalt  is  NH*  :  Co'»8  :  1,  have  been  obtained  by  G.  Vioitmaim  fDlnt 
Ckem,  Gee,  Ber.  x.  164,  1461).  They  are  prepared  by  the  action  of  Tarums  aadios 
a  solution  of  cobaltous  carbonate  in  ammonia  and  ammonium  oarbcaate  OMdiied  hj 
exposure  to  the  air. 

Octamine-purpureochloride,  Co*(NH')'.(HK))'.Cl*,  crystallises  in  small  oetoliadroat 
of  a  deep  violet  colour,  easily  soluble  in  water.  It  is  isomeric  with  Boee'a  piasBo* 
chloride,  Co^NH*)".Cl*.2HH).  These  two  salts  readily  admit  of  oonTeincm,  £om 
iato  the  other. 

Ootatnim-roteochloride,  Co>(NH*)*.(HK))'.Cl«.2HK),  is  obtained  as  a  bright  red 
precipitate. 

Octamine  sulphate,  Oc)^Nfi*)*.(SO«)*.6H>0,  ctTStallises  in  needles  having  a  bright 
red  colour. 

By  adding  alcohol  to  the  aqueous  solution  of  this  salt,  a  seeoiid  $Mkte, 
Co»(NH«)«.(S0*)«.4HK),  is  deposited  in  small  needles  of  a  red-violet  colour. 

Acid  carbonate,  Cd»^^B.*>f  .0»Ji5iO»Y'^^^^,  ci^^UilvB**  m  lou^  carmine-red  frisms, 
soluble  in  wat^r  to  a  cV\eTTy-T«\  aoVtxlXoii. 


COBRA  POISON.  647 

Netitral  otarhtmate,  Co'.(NH*]P.(GO*)*.dHK),  oiystallisM  in  mall  rhombic  prisms  of 
a  pale  violet  colour,  and  forming  a  viodet  soliition  in  irafcer. 

A  tutpkato-imrboHate,  Ck>'(NH*)*.SO^(00*)'+  SHH),  is  obtained  by  pieetpitatiDg  a 
sdtttion  of  oobidtoas  sulphate  with  an  alkaline  carbonate,  disaolTing  the  precipitate, 
which  contains  a  considerable  qnantity  of  basic  sulphate,  in  ammonia  and  ammonium 
carbonate,  leavinff  the  solution  to  oxiaise  in  the  air,  and  then  treating  it  with  alcohol. 
The  double  salt  wen  separates  in  small  copper-cohmred  ^ates. 

OOBA&TISUIdPBXnS.    See  SiTLPHms. 


The  poison  of  the  Oobza  de  Oapello  (Naja  trijfudiatu) 
which  may  be  obtained  by  pressiug  the  parotid  g^ds  of  the  snake  while  its  fangs 
are  erected,  haa  been  examined  by  A.  Pedler  (Proc.  Bay,  8oc,  zzvii.  17)  and  by  A.  W. 
Blyth  {Analysi,  i.  204).  It  is  an  amber-coloured,  syrupY,  j&othy  liquid,  of  sp.  gr.  1046 
(Blyth),  1-096  at  28^  (Pedler).  When  evaporated,  either  in  the  air  or  in  a  vacuum, 
or  at  100^,  it  leaves  a  solid  residue  amounting  on  the  average  to  28*82  per  cent. 
(Pedler)  ;  about  83  per  cent.  (Blyth).  The  frtsh  liquid  has  no  action  on  polarised 
light.  It  may  be  kept  for  two  or  three  months  without  alteration,  but  after  a  year 
or  eighteen  months  it  alters  considerably,  becoming  insoluble,  and  losing  to  a  great 
extent  its  poisonous  action  (Pedler). 

Dried  in  a  vacuum  over  sulphuric  acid,  it  gave  by  analysis : 

Owltli 
C  B  K  Asb  ttBoeofS 

49-82  701  17*89  6*68  19-60  -   100. 

or  deducting  the  ash : 

0  H  K  OandS 

62-87  7*61  18-29  21-88  -   100. 

This  composition  does  not  differ  greatly  from  that  of  various  kinds  of  albumin ;  the 
proportion  of  nitrogen,  however,  is  rather  greater  than  in  egg-albumin. 

The  liquid  poison,  treated  with  strong  alcohol,  yielded  a  precipitate  of  albuminous 
matter,  amounting  to  about  17*8  per  cent,  of  the  whole,  which  was  only  slightly 
poisonous,  whereas  the  portion  soluble  in  alcohol  (10*9  per  cent,  of  the  whole)  was 
excessively  poisonous :  hence,  as  the  total  quantity  of  solid  matter  in  the  poison  is 
about  28  per  cent.,  it  follows  that  about  60  per  cent,  of  the  poisonous  liquid  is  of  an 
albuminous  nature,  and  only  about  40  per  cent,  consists  of  pure  poison.  No  crystal- 
lisable  substance  could  be  obtained  from  the  poison,  either  by  the  use  of  solvents,  or 
by  dialysis  throuffh  parchment  paper,  although  slight  indications  of  crystallisation 
were  obtained  by  both  methods.  The  liquid  remaining  in  the  dialyser  left  on  evap- 
oration a  gummy  mass,  having  all  the  physiological  characteis  of  the  poison ;  and 
the  liquid  outside  the  dialyser  appeared  to  be  rather  more  poisonous  than  the  original 
virus  (Pedler). 

Acisording  to  Blyth,  cobra  poison  contains  albumin,  a  minute  quantity  of  fiit,  and 
yields  about  1-4-1-6  per  cent,  of  ash  mainly  consisting  of  sodium  chloride.  It  dries 
up  quickly  on  exposure  to  the  air,  leaving  a  yellow  acrid  pungent  powder,  amounting 
to  about  88  per  cent,  of  the  whole.  This  substance  is  not  decomposed  at  100^,  but 
blackena  at  270^,  and  yields  a  sublimate  at  higher  temperatures.  A  similar  substance 
crystallising  in  needles  may  be  obtained  by  dialysing  toe  poison.  It  exists  tlmrein  to 
the  amount  of  10  per  cent,  and  is  highly  poisonous,  appearing  to  be  the  only  active 
principle.  It  is  obtained  pure  by  conversion  into  a  lead-salt,  separation  therefrom, 
and  evaporation  in  a  vacuum.  Blyth  designates  this  substanoe  as  (X^fric  acid.  He 
finds  that  a  weak  solution  of  potash,  or  a  weak  alkaline  solution  of  potaasium  per- 
manganate, destroys  the  physiological  activity  of  cobra  poison. 

Pedler  describes  a  long  series  of  experiments  on  the  modification  of  the  active 
properties  of  the  poison  by  various  substances,  undertaken  with  the  view  of  discovering 
an  antidote  to  its  action.  When  the  poison  was  digssted  with  ethyl  iodide,  a  residue 
was  obtained  which  exhibited  an  increase  of  weight,  indicating  combination,  and  was 
much  less  active  than  the  original  ipoison.  The  residue  obtained  by  mixing  the 
poison  with  hydxochlorio  acid  a^  leaving  the  liquid  to  evaporate,  was  also  mu(£  less 
active  than  the  origisal  poiaon.  Bjy  alow  evaporation  in  a  vaeuum,  diatinct  traces  of 
crystals  were  obtained,  but  they  were  mixed  with  a  large  quantity  of  amorphous 
soluble  matter,  from  which  they  could  not  be  separated. 

A  much  greater  diminution  of  the  activity  of  the  poison  is  produced  by  the  addition 
of  plalinic  chloride.  When  a  quantity  of  fresh  cobra  poison  was  treated  with  alcohol 
to  precipitate  the  albumin,  the  alcolH)lic  filtrate  acidified  with  hydrochloric  acid,  and 
a  solution  of  platinic  chloride  added,  a  small  quantity  of  a  yellow  amorphous  pre- 
cipitate was  formed,  and  the  solution  evaporated  in  a  vacuum  yields  a  a^mvcr^f^WvcL^ 
Teeidue,  which  whs  Sreed  £com  excess  of  ph&tinic  chloride  by  waa\i\u%  V\\}cl  ^^  v^vt\\^ 
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Q'l  grm.  of  the  solid  platinum  compotmd  administered  internally  to  s  chidceo  courted 
no  poisonous  action,  and  the  solution  containing  the  excess  of  platinie  chloride  vas 
likewise  without  action  when  injected  hypodermicallj.  A  considenble  immba  of 
experiments  upon  chickens  and  dogs  showed  that  even  considerable  quantities  of 
cobra  poison  mixed  with  platinie  chloride  might  be  injected  hypodeimieally  without 
producing  a  fatal  result,  provided  a  short  time  was  allowed  to  elapse  befiue  the 
mixture  was  injected.  In  one  experiment^  the  quantity  of  poison  thus  ii\jected  wis 
sufficient,  if  administered  alone,  to  kill  120  chickens.  When,  on  the  other  hand,  the 
injection  was  performed  immediately  after  mixing,  the  results  were  leas  fk¥oaiabls» 
the  &tal  effect  being  not  prevented,  but  merely  retarded.  The  same  effect  of  reUida- 
tion,  but  not  prevention,  of  the  fatal  result,  was  obtained  when  the  cobra  poison  wis 
first  injected  alone,  and  the  platinum  solution  a  few  minutes  (1  to  6)  afterwards. 
The  poison  appears  indeed  to  diffuse  itself  through  the  ofganism  so  rapidly  that  bo 
antidote  can  be  afterwards  injected  quickly  enough  to  counteract  its  effects. 

The  platinum  salt  of  the  cobra  poison  gave  by  analysis  numbers  agreetng  nstily 
with  the  formula  (C»^»N*0*.Ha)».Pta*  (Pedler). 

COGBZAAJUA  OUt,  The  essential  oil  of  common  scurvy-grass  {(hekUaria 
officinalis)  has  the  composition  of  a  butylic  thiocyanate  {IttSuppl.  1066);  aodt 
comparison  of  its  properties  with  those  of  the  several  isomeric  compounds  of  thii 
group,  has  shown  that  it  is  identical  with  the  isothiocyanate  orthiocarbimldeobtaintd 
from  secondary  butyl  alcohol — that  is  to  say,withmethyl-ethyl-thiocarbimid^ 

^^^H(CH*VC*H»'i  (^^^™*°^'  ^^*^'  C^^^-  ^«*-  -Ser.  vii.  608). 
OOCOA^FAT,  or  CACAO-FAT.     See  Thbobboma. 

COCOA-VUT.  The  milk  and  &tty  kernel  of  this  seed  (from  Coeos  nmc^fert) 
have  been  examined  by  F.  Hammerbadier  {Landw,  VerBuehUtationmy  xriii  473) 
with  the  following  results : 

The  colourless,  slightly  opalescent  fluid  of  the  cocoa-nut,  termed  the  milk,  hss  t 
sp.  gr.  of  10442  at  20^.  llie  total  weight  of  liquid  ftom  two  nats  amounted  to 
303*96  grams.    It  showed  on  analysis : 

Water 91*50  percent. 

Protein 0*46        „ 

Fat 007 

Non-nitrogenous  extractive  matter    .  6*78         „ 

Ash 1-19 

The  following  are  the  results  of  the  analysis  of  the  ash  of  the  milk  and  kernel! 

ABh  of  the  milk       Ash  of  the  kcmd 

Potash 66*200  43*882 

Soda 0728  8392 

Lime 8*679  4*628 

Magnesia 6*606  9*438 

Chlorine 10*878  13*419 

Phosphoric  acid 20*610  16*992 

,         Sulphuric  acid 6*286  6*091 

Silicic  add    .......  —  0*600 


102*381  102*343 

Deducting  oxygen  replaceable  by  chlorine      .  2*338  8*024 


99*993  99*318 

Hammerbacher  also  finds,  in  accordance  with  Lehmann,  that  the  fat  of  the 
cocoa-nut  consists  in  great  part  of  free  fatty  acid. 

COBBira.    See  Opium-basbs. 

coausrnr.  This  mineral  is  found  in  the  Keuper  of  Bristol  The  ash  of 
plants  growing  in  the  marl  in  which  it  occurs,  contains  strontium,  whereas  in  plants 
growing  on  the  neighbouring  lias  this  element  is  absent  (W.  Stoddart,  Jakrb,KMiiL 
1876,867). 

ciBKnuovova,  o»«H>«o« = c«H*  J  ^^^o)  ^^^  ^PP^-  ^^^)-    '^®  ^^  P~- 

ducts  of  the  distillation  of  beech-tar  oil  yield,  on  further  fractionation,  a  colouiiess 
liquid,  which  smells  like  creosote,  boils  at  270^,  forms  crystalline  salts  with  ammonia 
and  the  fixed  alkalis,  and  is  converted  by  oxidising  agents  (potassium  chi^mate«  mtrie 
acid,  &c.)  into  coeruligT^oue,  C^*"fi>*0*.  kV  VYv^  «»xca  VAvaa  >i]ic\»t«  \%  ^vstvRsd  «n.Qtbec  ^- 
duct  of  oxidation,  wh\c\\  crjslaWiBea'wi  \a.T^'&  ^j^bViorw  w«t^^»^\A  ^v»»\*^«&  Nax  ^ftaeom^ 
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snlphnric  acid  with  a  cn'mBon  colour,  whereas  coBrulig^one  fonns  a  bright  blue  solation 
(A.  W.  Hofmann,  Dent.  Chem,  Ges.  Ber,  1874.  78). 

Crude  ccarulignone  may  be  coDTenientlj  purified  by  suspending  it  in  water  and 
treating  it  with  iron  filings  until  its  blue  colour  has  completely  disappeared,  and  only 
the  brown  tint  of  ferric  hydrate  is  visible :  the  residue  is  then  exhausted  with  alcohol, 
and  the  hydzoooBrulignone  ciystallised  after  evaporation  ;  finally,  the  alcoholic  solution 
of  hydrocosrulignone  is  treated  with  ferric  chloride,  whereby  ccerulignone  is  thrown 
down  in_pure  violet-red  crystals,  which  are  rendered  blue  by  crystallisation  from 
phenol  (E.  Fischer,  ibid,  1875,  168). 

Bespecting  the  product  iformed  by  the  action  of  sulphuric  acid  on  coemlignone,  the 
obMnrations  of  flscher  di£fer  in  some  respects  from  those  of  Liebermann  (2nd  Suppl. 
877).  According  to  Fischer,  this  reaction  yields  a  brown  product  sparingly  soluble 
in  cold  water,  more  readily  in  hot  water,  ether,  bensene,  ligroin,  &c. ;  readily  soluble 
in  alcohol,  however,  even  when  cold  and  somewhat  dilute.  It  contains  no  sulphur,  and 
is  not  converted  into  cosrulignone  by  oxidisins  agents  such  as  ferric  chloride  or 
potassium  dichromate.  Reducing  agents  also  (zinc  and  hydrochloric  acid,  or  iron 
filings  and  acetic  acid^  have  no  action  on  it.  Its  solutions  have  a  peculiar  bitter 
taste ;  with  alkalis  it  yields  dark-green  solutions,  apparently  forming  saline  combina- 
tions ;  the  tinctorial  power  of  these  is  great,  and  hence  a  very  minute  quantity  of  the 
compound  can  be  readily  detected  by  the  addition  of  ammonia ;  acids  reprecipitate 
the  brown  substance  from  solution.  The  body  thus  purified  giVeS  numbers  agreeing 
with  the  formula  C"H*'0*  (Liebermann  obtained  two  compounds,  viz.  0"H'*0* 
yellow,  and  C**H"0'  orange-coloured),  the  potassium  salt  being  G'^H^'K^O*  or 
C"H'«K»0«.2HK).  The  water  of  crystallisation  is  partly  lost  at  66^  wholly  at  100«». 
This  salt  is  precipitated  by  adding  alcoholic  potash  to  an  alcoholic  solution  of  the 
body,  as  it  is  less  soluble  in  alcohol  than  in  water.  The  barium  salt,  C^H^^BaO*.  can 
be.  obtained  from  this  by  double  decomposition,  or  by  adding  an  alcoholic  solution  of 
the  substance  very  slowly  to  baryta-water ;  it  is  almost  insoluble  in  water,  quite 
insoluble  in  absolute  alcohol  and  ether. 

Uae  of  Cmndigncne  in  Colour-frmtiva. — To  print  silk  or  wool  with  coemlignone 
hydrocQBrulignone  is  dissolved  in  hot  alconol  and  precipitated  by  water,  and  the  pastv 
precipitate  is  thickened  with  gum-water,  printed  on  silk  or  wool,  then  dried  and  steamed. 
After  steaming;  the  printed  parts  appear  colourless,  whilst  before  the  steaming  they 
appeared  faintly  coloured  by  the  action  of  the  air  (ccerulignone  being  formed).  When 
the  thickening  material  is  washed  away,  a  bright  orange  tint  is  quickly  developed  on 
the  printed  parts  by  treatment  in  a  bath  of  potassium  dichromate  or  ferric  chloride. 
The  piece  is  then  washed  and  finished.  On  cotton  cosrulignone  does  not  fix.  itself 
direcUy  (B.  Marx,  Dingl.  pd,  J,  ccxii.  865). 

•abstltatlon  -  prodnets  of  BjdrocoBmllgnone  (M.  Hayduck,  J>mt. 
Chem,  Ges,  Ber,  ix.  928>930).  Dichloracetylhydroearulignontf 
G>*H>a>(OGH*)XOC*H*0^',  is  obtained  by  triturating  diacetylhydrooosrulignone  vrith 
an  equal  weight  of  phosphorus  pentachloride,  and  warming  the  mixture  for  a  few 
minutes.    It  crystaUises  in  small  colourless  prisms  which  melt  at  172^. 

Dichlorkydroearulignone,  G»«H«G1WCH«)*(0H)«.  —  DiacetylhydrooBruUg- 
nne  dissolves  in  alcoholic  potash  when  boilea  vrith  it,  but  on  continuing  the  boiling, 
the  solution  deposits  an  abundant  precipitate,  firom  the  aqueous  solution  of  which 
acids  throw  down  a  white  gelatinous  precipitate  of  dichlornydrooonnlignone.  This 
substance  aystallises  from  not  alcohol  in  small,  colourless,  shining,  rhombic  tables, 
which  melt  at  220«*.  Its  poiassiumrcon^xmnd,  G»«HKI1*(00H»)X0K)«,  is  nearly  in- 
soluble in  alcohol,  and  is  therefore  precipitated  in  the  fon^Soing  reaction ;  it  dissolves 
easily  in  water,  and  crystallises  from  strong  solutions  in  needles.  The  bariunKompound, 
CisQsQi3/oGH*)H)^Ba,  is  thrown  down  as  a  white  amorphous  precipitate  on  adding 
barium  diloride  to  a  solution  of  the  potassium-compound.  It  acquires  a  yellow  colour 
when  heated. 

Dihromacetylkydrocarulignone,  C"H«Br*(OGH«)«(00»H»0)M8  formed  by 
addin|[  to  a  solution  of  acetylhydroconnlignone  in  glacial  acetic  add  the  neeessaiy 
quantity  of  bromine,  precipitating  with  water,  and  crystallising  the  product  from 
alcohol.    It  forms  colourless  needles  melting  at  1 78^. 

Dibromhydrocmruliynone,  G»«H*Br«rOGH»)*(OH)«,  is  obtained  by  boiling 
the  preceding  compound  with  alcoholic  potasn,  decomposing  with  hydrochloric  acid 
the  sparingly  soluble  potassium-compound  thereby  precipitated,  and  crystallising  the 
product  from  boiling  alcohol  or  bencene.    It  forms  distinct  prisms  melting  at  262^. 

Tetrabromkydrocctruliynone,  C**Br*(OGH*)*(OH)*,  is  fbrmed  in  the  same 
mnnner  m  the  foregoing  compound,  an  excess  of  bromine  being  etn^lo^ed«    It  cr^t- 
taWBCB  in  silky  needlea  melting  at  217^-218®, 
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COFFEE. 


OOFFBB.    The  composition  of  various  kinds  of  coffee  has  been 
0.  Levesie  (Arch.  Pharm,  [3],  \riii.  294)  with  the  following  results : 


1 

Tannic 

* 

! 
1 

OnnuEor 
matter 

CafMn 

Fat 

and 

cafle- 

tannic 

acid 

CeUnloFc 

Ash 

Potash 

Fhoa- 

phtrfe 

aefd 

'  Finest  Jamaica  plan- 

tation   . 

25*8 

1*48 

14-76 

22-7 

,    88*8 

3-8 

1-87 

0-81 

Finest  green  Mocha  . 

22  6 

0-64 

21-79 

231 

29-9 

41 

218 

0-42 

Ceylon  plantation 

23-8 

1-63 

14-87 

20-9 

860 

4-0 

^__ 

0-«7 

Washed  Kio      . 

27-4 

114 

15-96 

20-9 

32-6 

4-6 

— 

0*6! 

Costa  Rica 

20-6 

118 

2112 

211 

33-0 

4-9 

—— 

0-46 

Malabar    . 

26-8 

0-88 

18*80 

20-7 

31-9 

4-3 

— 

0-60 

East  Indian 

24-4 

101 

1700     19-6  1 

36-4 

— 

•^— 

— 

The  quantities  of  glucose  and  caffeine  in  sereral  kinds  of  coffee  havv  also  been 
determined  by  C.  H.  Eddy  (American  Chemist,  vii.  46) : 

Olnooie  and  ^"Wf"l*ir 

Slightly  roasted  Maracsibo 8'806  per  oent. 

Well-roasted  Mocha 2-118        „ 

Well-roasted  Java 1*991         „ 

Commaille  (Moniteur  Beient.  [3],  vi.  779)  has  also  investigated  the  oompotition  of 

coffee.    The  following  table  exhibits  his  results,  in  comparison  with  the  oldsr  dstar- 

minations  by  Payen  and  by  von  Bibra  (i.  1070): 

Oonunaille.  Fs|«n 

Undressed  l^rtora 
oofflee 

Hygroscopic  Water  .        from   6*3     to  16*7*  10  px. 

Fatty  matters  ....  12*68  10-18         « 

Glucose 2*60 

Dextrin —  16*6  „ 

Legumin.  Casein    ....  1*52  10  „ 

Albumen         .....  1-04 

Potassium-caffeine  Chloride     .  —  d'&-6  „ 

Free  Caffeine —  0-^  „ 

Total  quantity  of  Caffeine  t     .  from    0*42    to  1*31  1*815-2-60  {    „ 

Ash 3*882  6-697 

Coffee  extract  with  cold  water         .  24*97 

,,  warm  water  37*20 

„  alcohol  of  60  p.c.  2316 

On  the  Estimation  of  Caffeine  in  Coffee,  see  Caffkdtb  (p.  370). 

Detection  and  Estimation  of  Chicory,  d^c. — To  detect  chicozy  in  eofibe,  ^ttstein 
(IHngl.  pol.  J.  ccxv.  84)  dilutes  the  decoction  with  eight  times  its  bulk  of  water, 
filters,  and  increases  the  dilution  to  12  parts.  If  the  decoction  contains  pnn  ooAba^ 
on  adding  to  30  drops  of  it  2  drops  of  concentrated  hydrochloric  add,  boiliqg  for  a 
few  seconds,  then  adding  16  drops  of  a  solution  of  1  part  of  potassium  ferrocjuiidA  in 
eight  parts  of  water,  and  boiling  as  before,  the  solution  becomes  first  green,  then 
dark  green.  Six  drops  of  potash  are  next  added,  and  the  whole  is  bcnled  for  two 
minutes,  the  solution  becoming  first  brown  and  finally  dear  pale  yellow,  with  a  djght 
dirty  yellow  predpitate.  Witn  chicory  alone,  the  solution  finally  remains  brown  and 
turbid,  and  after  long  standing  a  precipitate  falls,  the  supernatant  liquid  retaining  its 
brown  colour.  With  a  mixture  of  24  drops  of  coffee  ana  6  of  the  chicoiy  deooetioii,  a 
brown  turbid  solution  is  finally  obtained.  A  decoction  of  coffee  of  average  stnoflth 
contains  1  per  cent.,  and  of  ^reat  strength  barely  2  per  cent^  of  the  dry  aolimle 
matter.  The  evaporation-residue  consists  of  a  aeep  brown,  shining;  mmirih  Kkn 
mass,  feeling  quite  dry  to  the  touch  after  two  days.  If  the  ordinary  snbstitstst  fot 
coffee  are  present,  this  residue  \)ecomes  sticky  after  standing  for  an  hoar  or  two^  and 
quite  damp  in  twenty-four  faonrs. 

*  These  two  nnmbcn  gire  the  Uj^keat  and  lowest  results  of  24  determinations. 

t  In  tbe  proportion  of  29  caffeine  to  100  salt  (according  to  Payen). 

t  These  nvaaben  give  the  propcndVcuv  ^  %ce&  c»fllc\TM^  \o  VQV^— V4SQ  ocmLbimd  ««^*Mi*>    The 
last  nnmber,  S*M,  for  the  total  «moimt\avK«^»Uk9  \.Qo\A%V«a\\>  \Aax]«^it^.\a«Bi\»qa&.^;«iril&i^>A 
eztnct  from  coffee  more  tban  S  pet  c«al.  dl  c8A<\x\^. 
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A.  H.  Allen  {Chem,  News^  zzix.  128,  129)  recommends  that  a  preliminaiy 
examination  be  made  by  strewing  the  powder  over  the  snr&oe  of  cold  water ;  coffee 
then  floats,  whereas  chicory,  caramel,  jcc,  quicUy  sink.  On  stining,  coffse  colours 
the  liquid  but  yeiy  slightly,  whereas  chicory,  &c.  colour  it  dark  brown. 

The  amount  of  ash  in  genuine  coffee  does  not  exceed  4*6  per  cent. ;  chicory  yields 
5  per  cent.  The  silica  in  coffee-ash  never  eixeeeds  1  per  cent.,  while  in  chicory  it 
varies  from  10-86  per  cent.  The  average  soluble  ash  in  eoffee  is  8*24,  while  in  chicory 
it  is  only  1*74  per  eent.    By  determining  the  soluble  ash,  8,  the  percentage  of  pure 

ooifte.  Crnay  be  calculated  by  the  formula:  0  -  ^^00^-174) 

The  density  of  coffee-inftision  is  determined  by  heating  the  powder  with  10  times 
iU  weight  of  cold  water,  raising  the  liquid  to  the  boiling  pointy  filtering,  and  taking 
the  density  at  15'6**.  Taking  the  density  of  pure  coffee-iuAision  at  1008*6,  and 
that  of  ohuxny  at  1080*6,  the  percentage  of  pure  coffee,  0,  in  a  eample  may  be  calcu- 
lated from  the  aquation  C->— ^ — ^ — — — \  where  D  repreaents  the  density  of  the 

infused  sample. 

The  relative  tinctorial  power  of  an  infusion  of  a  sample  of  coffee  is  determined  by 
boiling  a  given  weight  with  20  cc.  of  water  for  a  few  minutes,  filtering,  and  again  boiling 
tlie  residue  until  thoroughly  exhausted.  An  equal  weight  of  a  standard  mixture  of 
equal  parts  of  pure  coffee  and  chicory  is  treated  in  a  precisely  similar  manner.  The 
standtfd  solution  is  made  up  to  200  cc,  that  of  the  sample  to  100  c.o. ;  10  cc  of  the 
latter  are  put  into  a  narrow  burette,  and  some  of  the  standard  into  a  test-tube  of 
exactly  equal  bore.  If  the  tints  are  exactly  the  same,  the  sample  consists  of  pure 
coffee ;  if  chicoiy  is  present,  water  must  be  added  to  the  sample  until  the  tints  are 
the  same.    Each  cc  of  water  corresponds  with  6  per  cent  of  chicory. 

The  presence  of  leguminous  seeds  or  cereals  may  be  detected  by  boiling  the  sample 
with  animal  charcoal  and  water,  filtering,  and  testing  for  starch  in  the  cold  liquid 
with  iodine.    Neither  coffee  nor  chicory  contains  staKh. 


OO&OHZOnni.  According  to  £.  Dannenbeig  {AreA,  Piarm.  [3],  x.  97)  it  is 
best^  in  applying  the  Stas-Otto  process  for  the  detection  of  alkaloids,  to  use  chloroform 
or  amyl  alcohol,  instead  of  ether,  for  separating  colchicine,  as  these  reagents  are  more 
energetic  in  their  action,  and  capable  of  dealing  with  smaller  quantities  of  the  alkaloid. 
The  best  test  for  colchicine  is  nitrie  acid,  which  gives  a  clear  rose  colour  when  all 
other  tests  fail. 

Fliickiger  (Pharm,  J.  Trans.  [3],  vii.  872)  recommends  a  solution  of  colchicine 
diluted  till  it  becomes  colourless,  as  a  test  for  mmeral  acids.  Strong  sulphuric  or 
nitric  acid  colours  this  solution  yellow ;  and  a  drop  of  hydrochloric  acid  colours  it 
bluish-violet.  If  a  solution  of  colchicine  to  which  a  drop  of  nitric  arid  has  been 
added  be  strongly  concentrated,  and  a  trace  of  sodium  achate  then  added,  the  liquid 
will  assume  an  orange  colour.  On  mixing  a  solution  of  colchicine  with  sulphuric  acid, 
and  adding  a  small  quantity  of  a  mixture  of  60  ];>ts.  potassium  iodide  and  13*6  mercuric 
iodide,  a  precipitate  is  formed.  This  method  will  aetect  }  per  cent,  sulphuric  acid  in 
vinegar. 

Mkaknd  t»  Beer  resembling  Colchicine. — This  alkaloid,  found  by  Dannenberg  (Arch. 
Pharm.  [8],  viii.  411)  in  a  sample  of  beer  of  unknown  origin,  is  amorphous,  bitter, 
soluble  in  water  and  in  alcohol,  and  is  separated  from  its  acid  aqueous  solution  by 
chloroform  and  by  ether,  less  easily,  however,  by  the  latter.  Its  reactions  with  the 
ordinary  tests  for  alkakSds  exactly  resemble  those  of  colchicine  (i.  1081),  excepting 
that  nitric  arid  of  sp.  gr.  1*48  dissolves  it  with  a  fine  reddish-violet  colour,  and  that  a 
mizturs  of  nitric  and  sulphuric  acids  colours  it  rose-red.  The  red-violet  coloration 
with  nitric  aeid  has,  however,  been  also  observed  by  Dannenbcffg  in  oases  when 
colchicine  was  known  to  be  present,  whence  he  is  inclined  to  believe  that  the  beer 
alkaloid  is  identical  with  oolchirine. 

According  to  H.  vac  Qeldem,  on  the  other  hand  (Arch.  Pharm.  [8],  ix.  82),  the 
body  resembling  oolchidne  is  neither  identical  with  the  latter,  nor  indeed  an  alkfiloid 
at  all;  it  originates  from  hops,  and  gives  the  reactions  of  an  alkaloid  with 
potassium  iodide  and  tannin  only  when  gelatin  is  present.  Its  reaction  with  nitric 
acid  varies,  sometimes  givins  a  splendid  reddish-violet  colour,  sometimes  a  din^  red. 
A  mixture  of  unadulterated  bops  and  gelatin  was  found  to  exhibit  all  the  reactions  of 
colchirine,  that  of  nitric  add,  however,  being  indistinct. 


OOUUV,  G**H>«0*  (Church,  Ciem.  8oc.  Jour,  1877,  i.  268).    A  red  colouring 

matter  contained  in  the  stems  and  leaves  of  Coleus  VersehaffeUiit  from  which  it  may 

he  obtained  by  extraction  with  alcohol  slightly  acidulated  with  sol^hnriQ  axod^  the 

acid  being  then  ^removed  by  barium  carbonate,  and  tK^  t^icc^oY  Xs^  ^t^C^^XXntu  '^ 


COLLI  DINK— OOMBUSTIOIT. 

.u  alcobnl :  Uw  ■ 
into  TPBter;  and  the  resulting  preeipiLHle  repeatedly  waahed   with    WBt«  . 

ColgiD  Iliiia  puriBod  giroa  by  aoalyiiis  numbers  agreeing  with  Iha  fomnla  0**H"li>ri 
Its  alooholic  aolutioD,  treated  with  oicesa  of  leod-nMUIa,  yislda  b  {imipiuu  of  « 
dark  indigo-eolourcd  lead  »»lt  having  cha  mniptwitioti  C"H"PbO". 

Oolsm  •rhen  pure  is  a  brittle  solid,  ha Tiug  a  rasi nous  aspect  and  cnncluHilal  bactwi^  J 
and  yielding  a.  reddiBh-purple  powder.  It  is  insoluble  in  Mthsr,  xod  only  rii|W 
soluble  in  water,  bat  iliBsolTea  easily  in  alrabol,  forming  a  criaieoa  eoliiliaa,  vlut, 
gmdunll;  becomes  ralonrless.  in  consequence  of  the  formation  of  a  compaund  sf  ttil 
colouriog  mutter  with  the  alcohol.  Ou  eTnporatlng  tbe  solution,  or  luliling  an'" 
the  crimson  cotooi  roappears.  On  gradually  adding  amiiumia  to  a  aolution  of  n 
the  oolont  changes  successiTely  to  purple-red,  violet,  iiidigo,  chmme-graBD,  >adBi 

to  yellow-green.     Stannic  cMoride,  added  to  the  concentrated  alooboLic  tolntiM,  fa 

a  precipitule  of  a  floe  violet  colour.     With  Htrong  4iilpk'atie  odd  colein  (mim  ■ 
orangG'Coloutcd  solution,  which,  nn  dilution  with  wster,  eihibita  the  red  cdonaa_ 
other  cbaroctars  of  an  acid  eolntion  of  unaltered  colein.    Solpburic  add  of  fO.  gi^  J 
I'SS  dissolves  colein  with  crimson  colour.    Nitric  acid  converts  colein  into  a  Ewwi  I 

OOKXimora,  C*H"N.   Ecimsc  obtained  this  hue  by  tKe  action  of  ai 

ethylidene  chloride,  (M'.CBCl' i2tid  Suppl.  378);  and  TawUdarow  baa  aliovn  ikHllfl 
is  formed  in  like  maniier  Irom  ethylidene  bromide,  most  roadily  at  1T1"  IfflTidifif 
Antiaim,  clDvi.  12).  ■ 

COKOFKKVa,  CR",    Diterebone.    See  Trbebehi. 

OOSiOFZOinr.  This  resin  distiUed  wilii  litat:  in  an  iron  retort,  ^vea  off  g 
of  the  series  C'H'*+',  also  propylene,  amylono,  acetone,  and  a  body  baring  llie  ee 
sition  C*H»0  (BmylantB,  Beul.  Chem.  Ga.  Ber.  viii,  1463). 

Wbea  colophony  is  distilled  with  OBtrhtatid  tttam  ut  a  compatativcly  lov  ti 
atute,  benzene  is  produced  in  eomewhut  consideniblc  quantity,  and  at  •  '-'^^ 
penitnre,  toluene  (Watson  Smith,  Cbem.  Soc.  J.  1816,  ii.  29). 

OoIophoDy  is  rradily  oxidised  by  boiling  it  in  a  retort  with  a  n 
sbang  ComtoArci^l  nitrii:  aM  iud  2  Jpte.  «ate^,  the  products  consiatiiif 
isophthalic  and  trimelliUe  acids.    The  syrupy  raother-iiquor,  further  ti     .__   .^^^^ 
fuming  nitric  acid,  yielded  an  indietinctly  crystalline  mass  consiniDg  chiefly  ot  taratlc 
acid  (Sehredcr,  LiiUcft  AttnaUn,  tlnii.  r°' 

OOUnOStTV.     See  NiOBATKa. 

COADTS^  The  gss  enclosed  in  the  fruit  of  the  Bladder  Senna  (CU*<<( 
arboreKCTti)  is  not  common  air,  but  a  mixture  containing  a  smaller  proportim  at 
oxygen,  and  O-QO  to  232  pec  cont,  of  carbon  dioxide.  These  &uittr,  though  gfMa 
absorb  oxygen,  and  give  out  carbon  dioiitlo  by  night  ns  well  as  by  day;  and  ll 
Hmount  of  carbon  dioxide  produced  is  greater  than  that  vhich  the  oxygen  aburin 
would  iumish.  Jo  this  plant  there  ara,  therefore,  grean  organs  which  act  like  il 
animal  tiasues  and  the  coloured  parts  of  other  vegetables  (tjaint  Pierre  m.  Mugirftii. 
Compt.  tend,  liisiii    """'■ 


Infiumce  of  PreuKre,— Condles,   sulpbi...    , _ 

carbon  disulphide,  burning  under  pressures  of  30  and  35  atmo^hens,  gir*  on  _ 
brighter  light  than  when  they  burn  in  the  open  air.  The  flame  of  phosphonu  eiitibiu 
no  such  increase  of  luminoutj  under  incrmaed  pressure.  With  the  first  maaiootd 
snliHbuices,  the  chemical  activity  of  the  rays,  as  shown  by  their  action  on  ptuifliof 
escent  bodies,  likewise  becomes  greater  under  increased  pressors  (Cailletet ,  Oongil.  nai. 
Ixxx.  M?  j  Aa».  Chim.  Ptmi.  [5],  ri.  42fl). 

WsJtha  (J.  pr.  CArai.  [2],  xiv.  84)flndB  that  Bt«arin  candles,  which  in  theopaaii 
bum  with  a  Home  4'fi  to  6  cm.  long,  produce,  under  a  pressure  of  I' 95  attnorphnw,  • 
very  smoky  flame  from  S  to  10  or  even  12  cm.  long.  Uadorlhe  increased  iirwimni  ita 
flame  also  becomes  yetlowisb-red  and  lees  luminous.  A  candle,  which  when  boTSUC 
in  the  open  air.  lost  9'34.107  grams  per  hour,  lost  under  l'9a  atmosphetH  ham 
7'86  to  9'22  gnms  per  hour.  The  rarer,  therefore,  the  medium  in  which  the  aodti 
boms,  the  greater  is  the  hourly  loss  of  combustible  matter.  Under  the  cvctivBr  of  M 
air-pomp,  the  brightness  of  the  flame  began  to  diminish  with  the  exhaueljoa.  ih* 
flame  at  th?  same  time  swelling  out,  and  the  inner  blue  cone  separating  itself  com- 
plelaly  from  the  wick.  From  time  to  time  a  shower  of  fine  sparks  was  thmwa  OM. 
the  interior  of  the  Aame,  moU,  aViimdutU^  oL  tha  staij^  of  0<aalest  TMiefluliM 
im.)  Witliin  crrtain  timi\a.  Onn«tD'ce,\.\>Bt«raiUB«Jvan  S^-motb  w«KiJ>«jfe wt'tli 
medium  is  more  rareflcA  (eomp.  VrMiVXniii,  \.  \\'.^1-,  vi.  feliV^. 
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Combutium  of  Jktonatitig  Gaseous  Mixtures. — According  to  Nejrenenf  {Compt. 
rend,  Ixzx.  118,  335,  685),  when  detonating  gaseons  mixtures  are  burnt  in  cylindrical 
tubes,  in  such  a  manner  that  the  combustion  of  the  first  portions  can  communicate  to 
the  Buccessive  layers  a  regular  vibratory  motion,  the  flame  will  warm  certain  parts  of 
the  tube  for  a  longer  time  than  the  rest.  When  the  detonating  mixture  consists  of 
hTdrogen  and  oxygen,  the  water-vapour  formed  condenses  chiefly  on  the  parts  of  the 
tube  which  are  left  cool,  and  in  such  a  manner  as  to  show  that,  in  spite  of  the  violent 
shock  produced  by  the  detonation,  the  flame  travels  along  the  tube  in  waves. 

On  the  Temperature  at  which  Combustion  begins,  see  A.  Mitecherlich  {Deut,  Chem. 
Oea.  Ber.  ix.  1171);  Berthelot,  (Compt.  rend,  Ixxxiv.  407) ;  also  Chem,  8oo,  J,  1877» 
i.  42,  680). 

On  the  Imperfect  Combustion  of  Gases  and  Chiseous  Mixtures,  see  the  article 
CHmncAi.  AcnoK  in  this  volume,  pp.  430-436 ;  also  Flamb. 


This  variety  of  thomsonite  (v.  785)  is  found,  together  with 
phillipeite  and  chabasite,  in  drusy  cavities  of  the  leucite-nephelin  basalt  to  the  south- 
west  of  WaltEBch  in  Bohemia.  The  comptonite  occurs  in  smaU,  nearly  colourless 
erystals,  exhibiting  the  usual  combination  oo^oo  .  oo^oo  .  ooP,  with  a  very  obtuse 
macTodome  of  177®  35'.  It  forms  thin  yellowish-  and  greyish-white  druses,  covered 
here  and  there  with  a  very  soft,  thin,  botryoi'dal  crust  of  stilpnosiderite,  mostlv  con- 
verted into  limonite,  on  which  are  implanted  small  isolated  crystals  of  phillipsite. 
These  latter  form  intersecting  twins,  with  coincident  principal  axes,  of  the  combina- 
tion 00^00  .  oof  00  .  P.  Some  of  the  drus^  cavities  of  the  basalt  are  lined  with  very 
small  crystals  of  chabasite,  mostly  intersecting  twins  of  R.  In  the  midst  of  them  was 
found  a  single  crystal  of  phillipsite  covered  with  very  small  crystals  of  chabasite. 
The  order  of  succession  is  therefore:  comptonite,  phillipsite,  chabasite  (Boricky, 
Jakrbuehjur  Mineralogie,  1873,  p.  162). 

OOVCHXVXVa.    See  Cinchona  basbs  (p.  492). 

OOVIVBKXV.  The  alcoholic  solution  of  this  glucoside  (obtained  from  the 
cambium  of  coniferous  woods ;  Is^  Suppk  489)  may  be  advantageously  decolorised 
eiUier  bv  tJie  addition  of  lead  acetate  and  ammonia,  or  by  heating  with  animal  char- 
coal. The  ervstals  of  coniferin  contain  C'^H^O'  +  2H'0,  lose  part  of  their  water  on 
exposure  to  the  air,  and  the  whole  at  100®.  With  concentrated  sulphuric  add  coni- 
fenn  strikes  a  violet  colour  which  soon  becomes  red,  similar  tints  being  produced  by 
the  addition  of  a  large  proportion  of  sulphuric  acid  to  its  aqueous  smution.  On 
diluting  the  sulphuric  acid  solution,  a  blue  resin  is  deposited,  and  coniferin,  when 
moistened  with  phenol  and  sulphuric  add,  acquires  a  deep  blue  colour,  this  reaction 
being  &dlitated  by  exposure  to  sunlight ;  the  well-deflned  reaction  of  pine-wood  with 
phenol  and  sulphuric  acid  is  no  doubt  due  to  the  presence  of  coniferin.  Coniferin 
ooes  not  reduce  Fehlin^s  solution  even  at  the  boiling  heat ;  but  strongacids  or  hot 
dilate  acids  convert  it  into  glucose  and  a  resinous  product  (Tiemann  a.  Haarmann). 

.OCH" 
eOVZnntTXi    A&00H0&    or   OOVm»0&,    C>«HiH)*«C*H*J0H 

lC»H«0H 
(Tiemann  a.  Haarmann,  Deut.  Chem,  Ges,  Ber,  vii.  608).  This  compound*  isomeric 
with  ethyl-vanillin  (from  potassium-vanillin  and  ethyl-iodide,  p.  305),  is  produced, 
together  with  glucose,  by  digesting  coniferin  with  water  and  a  small  quantity  of 
emulsin: 

C»«H«0»  +  HK>  =  C"H»«0»  +  C*H»H)», 

The  best  way  of  preparing  it  is  to  drench  50  grams  of  pure  coniferin  with  500  grams 
of  water,  add  0*2-0'3  gram  of  dry  emulsin,  and  leave  tbe  whole  to  itself  at  a  tempe- 
rature of  25®-36®  for  six  or  eight  days,  bv  which  time  the  fermentation  will  be  com- 
pleted, the  coniferin  will  have  disappeared,  and  in  its  place  will  be  found  a  flocculent 
crystalline  body,  while  glucose  remains  in  solution.  By  repeatedly  agitating  the 
whcde  with  ether,  and  distilling  o£f  the  latter,  the  coniferol  will  be  obtained  in  the 
form  of  a  quickly  solidifying  oil ;  or  by  not  pushing  the  evaporation  of  the  ether  quite 
so  far,  it  may  be  obtained  directly  in  the  form  of  white  prismatic  crystals. 

Coniferol  melts  at  73®-74®  (ethyl-vanillin  at  64®-65®),  dissolves  easily  in  ether, 
less  easily  in  alcohol,  sparingly  in  hot  water,  and  is  almost  insoluble  in  cold  water. 
It  dissolves  in  alkalis,  but  is  predpitated  therefrom  by  adds,  not  in  the  crystalline, 
but  in  the  amorphous  state,  in  whicti  it  is  less  soluble  in  alcohol  and  ether,  and  forms, 
'when  dried  at  100^  a  white  powder  easily  turning  yellow  or  yellowish-red,  and 
softening  at  150^-160°  after  the  manner  of  resins.  A  substance  of  similar  properties 
is  predpitated  on  adding  a  few  drops  of  sulphuric  or  hydrochloric  acid  to  a  solution 
of  eTjBtsIlieed  coniferol  in  water  or  dilute  alcohol ;  and  \deiit\ca\  ^tYi  \\.\«  i^»c^  \Xi!^ 
xws/o  prodnced  bj"  the  action  of  acids  on  coniferin.    Th6  amoT|f\iOUA  VQ[\»X%&fi!b\A;&^^ 
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;  like  v&Dilia;  and  from  tliui  (liMiUuhi  «lliiir  asljsfui  tba  wMRiU  jn 
atter  is.  howsTer.  best  oblainod  by  oxidiuog  coniferol.  and  i^UIiig  A 
:Elv«ith  elher,  which,  when  eTaponled.  Itaven  lbs  odoTooa  pandpltaii 


Mus  eomptwiiui 
tharaof.  Both  t 
with  r«d  colour. 

Ci7BtaUiDB  Kmiforol  irheo  «ipc»ed  to  tii«  ur  aequirM  tho  odour  of  nallk. 
The  atme  odour  in  produffid  wheu  «icher  i.iimlanil  or  coaifariD  ■■  oiidiaad  Iji'" 
ncid  miituTB.    On  diAiUiug  tlio  fiToduct,  aldeb}^  Hrat.  piuseHUTiT,  then  *J 
which  amelU  like  vanilin^  aiid  from  this  di 
ciple.    The  latter  "    " 
product  dirsctl' 

oil  which  HolidiGaB  on  cooling.    The  mbManra  thus  obtained  ii  idectiail  in 
epect  with  Tonillin  from  vsnilht. 

Coniferol  wss  at  flnt  zegarded  by  Tiemum  &.  HaamuiiD  as  idaatiad 
vanillin  ;  but  the  two  bodiaa  difiar  in  melting  pcunt  hj  nina  d^reea. 
their  baharionr  with  baiea,     ConifBrol,  indewl.  forms  Bulta  likp  u  phi 
ibcrefon-  be  ntipposed  la  contain  phenolic  hydroxyl,  aa  repreaenreif  tiT  i 
CH'COCH'XOHKCH^OH).    The  poUusiam  and  tadium  lalU  ma;  b« 

cryBlilline  forma  b;  leaving  solutions  of  the  alcohol  in  dilate      ** 

eYHporste  slowly  at  ordinary  temperaturea  and  nnder  redaeed  pm 
the  alcohol,  while  Btill  in  the  oiiy  state,  with  atrong  ammonia,  thi 
formed,  and  immediiitety  solidifies  to  a  radio-crynalline  maw;  til        ,    . 
of  ihie  aatt  when  left  in  nn  open  Teasel,  girea  off  ammonia,  and  fialda 
fine  crystals.    Prom  a  aolstion  of  coniferol  in  dilute  alcohol,  a  lead  lall  is  prael 
by  lead  aoetalfi  and  ammonia,  ia  white  amorphous  flocks. 

The  phenolic  nature  of  conifarot  is  further  shown  by  its  reaction  with  nllrir  lol 
wheTeby.  according  to  the  conditions  of  the  experiment,  it  is  either  wholly  imUiipi 
or  concerted  into  picrio  a*id ;  also,  by  its  behnrionr  lo  oiidiBiilfi  ag«DtB,  whjdl  — 
it  but  slowly.    The  twn  other  possible  formolE', 


|OCH* 
CH'JOH 

ICXI.C'H' 


,OCH' 
and      CHMOH 

ICH'.COH, 


lodiea. 


t  be  rejected, — the  first,  because  a  compound  thus  cousticatad  would  yield 
OxidAtJon,  not  vuiilliti,  CH'O',  but  TUiillie  «cid.  C*H'0' ;  the  eecond.  beeawa  it : 
Is  an  aldehyde,  and  coniferol  does  not  oihibit  the  properties  of  tliat  eisfl 
According  to  thi^  formula, 
,OCH'  ,00H* 

CH' !  OH  which  may  perhaps  be  resolved  into  C'H'  ]  OH 

ICH'.OH  I  OHr^a— CB'ilft 

coniferol  should  be  nearly  related  to  eugenol,  C"H'{OOH'XOHXC'H').  wbich. 
appears  to  be  formed  from  it  by  fusion  with  potash,  or  by  bealiiig  witJ)  WBtw 
sotiinm-araalgam  (Tiemann,  Deut.  Chan.  Get.  Ber.  viii,  1127). 


.   176).     This 


,  Itenhouse  and  Qrores,  Ckem.  8oe.  J.   _ 

],  also  called  '  Qum  Hyawa.'  is  tbe  pmluce  of  the  '  Hyawa' 


Ineansa  tree  (_Icm  hqilapkytla.  Aahl.),  indigeooua  in  British  Quinna,  and  hu  ■ 
aant  balsamic  odour,  due  to  an  essential  oil,  which,  however,  ia  preaent  in  small  qi 
tity  only.  The  resin  contains  but  a  vei;  small  proportion  of  eilraneODs  mal: 
insoluble  in  spirit,  but  it  ia  very  unequal  in  appeaiaoce,  some  portions  b«sDg  of  s  | 
yellow  c«lour,  and  Kofl  enough  to  be  moulded  between  the  fingers,  whilit  othsi  M 
white  and  crystalline. 

Coiiimtne,  CE*.~Ta  obtain  the  esaantisl  oil.  the  resin  was  diatilled  in  t 
osnal  way  with  a  large  quantity  of  water  (a  currant  of  st«am  might  also  be  ei>qili>}>d 
and  the  oil.  which  came  over  with  the  acjueous  vapoor  and  eepantled  ks  a  tAiu  lij 
fiuatiug  on  the  surface  of  the  wat^r  in  the  receiver,  was  collected  and  eUuil 
After  standing  for  soinu  timu  until  thu  suspended  water  had  nunk  U>  Ifae  bottaw 
the  vessel,  the  pale  yellow  oil  whs  subjected  to  Actional  distilluion.  The  CfM 
portion  came  over  between  'J6U°  and  27S°.  the  fraction  boiling  above  that  tampoali 
baving  a  bloieh-green  colour  by  tratiamitted  light.  In  order  to  purify  tbe  hydiiKai 
boD  from  any  oxygenated  compounds  it  might  contain,  tho  whole  of  that  which  a 
over  below  27fi'' was  digested  for  SBToral  hours  with  clean  metallic  aodiuai  t 
caused  the  formation  of  a  brown  flocculaut  substance.  The  oil  was  then  poniadl 
from  the  nnattacked  metal,  distilled,  and  again  digested  witJi  sodinm,  tiies^  opentia 
beiiig  repeated  flro  or  six  times.  The  oil  wna  then  submitted  to  a  corefid  btaita 
distillation,  when  iltegan  to  \milM.  \S0°.  tn«,tli<i  tem^nturo  rose  rapid);  n  -  "^^^ 

had  reached  255°  ;  flK.ftwaioii\mv\iQfta\.1bli°-^W  ^aa-Onet  Tfev*«," ^'' 

sodium,  when  ullimfltiAj  a\)uut  W\t  uS.  w.  ■»».6  o\iV*v\iA  vu  \i»  ■^*m  i* 


T. 


'onpidl;  null 
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■tftDtlj  at  264^.  Before  treatment  with  sodium,  the  constant  boiling  point  appeared 
to  be  near  270^. 

The  oil  thus  purified  gare  bj  analysis  88*00  to  8824  per  cent,  carbon,  and  11*63 
to  11*66  hydrogen,  the  formula  C>H"  requiring  88  24  C.  and  11*76  H,  the  slight 
deficiency,  0*3  per  cent.,  being  no  doubt  due  to  the  presence  of  a  small  quantity  of  an 
oxygeoated  oil.  This  result,  viewed  in  eonnection  with  the  boiling  point,  shows  that 
eoniiiiaDe*  in  common  with  many  other  hydrocarbons  obtained  from  similar  sources, 
must  be  regarded  as  belonging  to  the  group  of  sesquiterpenes,  C**H'^ 

Oommene  is  a  colourless,  mobile  liquid,  which,  like  the  other  members  of  the 
l^oap^  IS  nearly  insoluble  in  water,  but  readily  miscible  with  alcohol,  ether,  and  ben- 
■tnt.  It  has  a  pleasant  aromatic  odour,  and  bums  with  a  smoky  flame.  Concen- 
trated sulphuric  add  acts  strongly  on  it,  much  heat  being  developed  when  the  two 
an  mixed ;  this  is  apparently  due  to  the  polymerising  effect  of  tlie  acid.  The  pro- 
duct has  the  same  odour  as  the  corresponding  compound  formed  by  the  action  of  the 
aeid  on  turpentine. 

Crvsialline  Sesin  of  Conima.  leacin,  C*'H^'0. — The  natural  resin  oon- 
taioi^  besides  the  hydrocarbon,  a  crystalline  compound  and  an  amorphous  resin.  In 
otder  to  obtain  these,  the  solid  residue  in  the  retort  remaining  after  the  essential  oil  had 
bMD  icmored  by  distillation  in  a  current  of  steam,  was  dried  as  for  as  possible,  and 
digtatad  with  six  times  its  weight  of  strong  spirit.  It  dissolved  almost  entirely,  and 
on  eooling  deposited  a  mass  of  silk^  needles  of  the  crystalline  compound,  mixed  with 
tlie  insoluble  extraneous  matter  originally  present  in  the  resin.  The  moduct,  after 
bains  separated  from  the  mother-liquors  and  washed  slightly  with  cold  spirit,  was 
driad  and  dissolved  in  thirty  times  its  weight  of  that  solvent.  The  hot  filtered  liquid, 
m  eooling,  formed  a  semi-solid  pulpy  mass  of  colourless  crystals  of  the  nearly 
pme  subrtance,  amounting  to  about  20  per  cent,  of  the  weight  of  the   original 


The  vellow  amorphous  resin,  which  is  very  soluble  in  spirit,  may  be  obtained  from 
tiM  ori^nal  mother-liquors  on  evaporation;  but  it  exhibits  no  points  of  special 
intareat. 

The  dystals,  althou^  apparently  pure,  still  retain  a  small  amount  of  a  brown 
OBOtphous  substance,  which  mav  be  removed  by  dissolving  them  in  petroleum  boiling 
MofW  96^  (25  pts.)  The  hot-filtered  solution,  on  standing,  slowly  deposits  the  sub- 
•luioa  in  tufts  of  needles  of  dasaling  whitenses.  These,  after  being  again  cnrstalUsed 
Qoaa  or  twice  from  spirit  to  remove  traces  of  petroleum,  are  quite  pure.  They  then 
malt  at  176^ ;  but  if  the  subsequent  crystallisation  from  spirit  has  been  omitteo,  they 
will  be  found  to  melt  at  166^-168^,  as  the  presence  of  even  a  very  minute  quantity 
of  patroleum  lowers  the  fhsion  point  considerably. 

loMin  dried  at  100^  gave  by  analysis  86'61--iB6'71  per  cent,  carbon,  and  11*64  to 
11*94  hydrogen,  the  formula  0««H~0,  requiring  86*71  C,  11*80  H.,  and  2*49  O.  It 
doea  not  appear  to  possess  add  properties,  as  it  is  insoluble  in  aqueous  alkalis,  and 
akcAolie  potaah  does  not  exert  a  perceptibly  greater  solvent  action  on  it  than  alcohol 
itatlf. 

Tha  crystals  are  insoluble  in  water,  only  moderately  soluble  in  boiling  alcohol  or 

loUun,  but  readily  soluble  in  ether,  carbon  bisulphide,  and  hot  bensene.    They 

attacked  with  violence  by  concentrated  nitric  acid,  and  dissolve  readily  in  about 
twalve  times  their  weight  of  the  acid,  with  abundant  evolution  of  nitrous  fumes.  On 
poforing  the  product  into  water  after  these  fames  cease  to  be  given  off,  a  pale  yellow 
flooenlent  predpitato  is  formed,  which  slowly  agglutinates  to  a  resinous  mass,  not 
jialding  any  crystalline  substance.  On  evaporating  at  a  gentle  heat  the  dear  aqueous 
■otutiofi  from  which  the  resin  had  separated,  a  pale  yellow  mass  of  the  consistence  of 
hoiiaj  was  obtained,  which  showed  no  signs  of  crystallisation,  even  after  being 
put  aaide  for  some  months. 

Icadn  dissolves  in  warm  concentrated  sulphuric  acid  with  a  pale  brown  colour, 
and  when  more  strongly  heated  becomes  black,  and  evolves  sulphurous  anhydride. 

The  natural  resin  has  been  employed  as  a  substituto  for  incense,  either  alone  or 
mixed  with  other  odoriferous  gums,  and  may  also  bo  useful  for  pastiles.  Its  useful- 
nesa  in  this  respect  is  entirely  due  to  the  essential  oil  which  it  contains,  as  neither  the 
erystalline  nor  the  amorphous  resin,  when  heated  alone,  gives  an  odour  at  all  rese^n- 
bhng  that  of  incense. 


0"H"N.  According  to  Griinzweig  (Liefng's  Anndem,  clxii.  193), 
natiusi  conine  oxidised  with  chromic  acid  yields  normal  butyric  add.  It  is  therefore 
a  normal  butyl  derivative,  and  the  differences  observed  between  natural  and  artificial 
eomine  (Ut  Suppl.  381)  must  be  due  to  drcumstances  independent  of  any  differences 
in  the  carbon  groups  which  they  contain. 

ffydrobromide. — Conine,  neutralised  with  hydrobzom\c  a«^d,  fmna  «k\v^^s^j<ad- 
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mid«  which  crystAlliBM  ia  cotaurlsBs  prisniatic  Deedln.  ilifwoIrM  rtrj  «uily  b  ai 
and  in  Aloohal.  Bpariugly  in  slber  snii  in  (.hloroform.    It  i«  •rantlasii  ati  a*   ' 
less ;  lumH  red  when  oipoaad  to  light,  but  mnninii  utiAl[«r«d  in  ll>a  duk :  i 
raniiie  vhen  nibhed  b«lvren  the  ttngerH  ;  molU  M  abouL  1111)°.     Tlw  (osia 
preparing  tbii  mil  should  be  aa  vhitc  ss  possibls ;  othenriM,  tl)«  pnriliWi 
Bllended  wiUi  graHt  Iosh  (Moorrnt,  Phami.  J.  Tram.  [S],  yii.  23). 

Pttiedidf.—Vihtn  an  alcoholic  salation  of  conine  is  mixed  bf  diopf  wilt  § 
alcoholic  Bolution  of  iodiae,  thtn  left  to  eTBpomte,  the  reeidiin  taken  nf  <ntk  wtlw. 
and  the  eolution  Ipft  over  calcium  chloride,  the  compound  C"I1"N.HIJ'  a  ctittiaat  u 
Inrge  DCtohedcons.  easilf  eoluble  in  water,  nlrohol,  ether,  and  chloroform ;  liMiMli 
in  beDESno,  neuly  bsoluble  in  cnrbon  nilphide,  and  dnompoHsd  mnlj  bat  agt  «»■ 
plctelj,  by  lilTsr  nitial«  (H.  It.  Bauer.  ^rcA.  Phwi.  [3],  t.  ZI4). 

Hydroiulphidt. — ilii  iilnihulir  nriliitinii  nf  rnninr  trintnd  irith  hjimifmTptH 
yields  cmtale  of  an  uoatAbls  componnd,  apparanlly  haricg  lbs  eonpo^kc 
CH"N.H'S"  (Schmidt.  Dtvt.  Chem.  Get.  Bir.  rii.  1825). 

SBOcCion  with  Jldekydee. — Tbis  reaction  takes  place  nccordlDg  to  the  eqwtiui 

2((7Hi'.NH)   -r   CH-0   =   H'O   +   CCH".N)'C"H- ; 

but  the  purification  of  the  producla  ia  much  impedtxl  bj  Che  conderifntion  of  tki  liV 

hydea  whicli  lakaa  place  at  the  eauiB  time.     The  aidebydic  derinliTca  of  coain  ten 

Lttle  or  no  biwic  chnracter  (H.  Schiff,  Dtut.  Chtm.  Get.  Ber.  ri.  14S). 

COPAIBA.  According  to  Wajne  (Amtr.  Joum.  of  Pttarmeey  [*].  iii.  3M),  lb 
bcMl  test  for  the  adulteration  of  copaiba  balsam  with  caiior  oH  is  peUoleiim-4W. 
which  completely  diuolvea  the  pure  balsam,  bnt  laavea  the  castor  <ul  DodliBlTaJ. 
According  to  Mater  (,^n4/^>r,  i,  160),  the  aolubility  of  the  sodium  salts  otitis  Mi4i( 
copaiba  balsam  io  a  mixture  of  fi  pts.  ether  and  1  pt.  alcohol,  may  be  rood*  snihUi 
for  the  detection  of  fixed  oils  in  the  balsam. 

According  to  Siebold  (PAam.  J.  Trans.  [3],  riii.  S50),  the  best  method  of  IMiif 
the  purity  of  copaiba  ia  to  erapoiate  1  to  I'A  gram  of  the  sample  until  all  tb*  <d a 
expelled.  In  tbe  absence  of  fatty  oil,  the  resin  will  be  bnttle  and  pnlverisaUe,  Ua  1  fw 
cent,  of  fatty  oil  diminishes  the  brittteaess.  and  with  3  to  6  per  cent.,  the  naalnli 
sticky.  Castor  and  linseed  oils  may  be  dlstin^ished  by  their  odoni*  wheo  Ck  Mil 
ia  heated.  Small  quantities  of  oil  of  turpentine  can  be  detected  by  taking  the  leifai 
point  of  the  sample,  oil  of  copaiba  bailing  at  240''-2fiO°,  and  oil  of  tnrp«Bti«B  U II?. 
If  the  oil  of  lorpentine  present  amounts  to  21  per  cent,  of  the  balsam,  it  will  Sti 
oier  before  the  copaiba  oil. 

See  bIbo  Bowman  {Piarm.  J.  Tram.  [3]',  TJii.  330  ;  CArnn.  Soc.  J.  1877.  S-  W). 

OOWBB.  Bxlraction.— T.  S.  Bantaad  1.  Xkmgina  {Amrriea»  Clmitl.lKt. 
p.  198)  bare  devised  a  process  for  obtaining  copper  from  its  ores,  foDnded  «■  tWU- 
lowing  reactions  established  by  the  experiments  of  Hunt.  Cuprotu  chloriile  daalM 
not  only  in  solutions  of  ths  ctuoridos  of  alkali-metale  and  alkslioe-ewtll  nettkW 
likewise  in  vine  chloride,  mangnnons  chloride,  ferrous  chloridcv  ei 
producing  tooselj  combined  double  ealta,  fr         '  •  ■  -• 

tnled  on  dilulioQ  with  water.     Theae  double  salts  are  likewise  produced  bj  tl 
of  the  oxides  of  copper  on  ferrous  chloride  in  presence  of  sodinm  chlnida.    Oqpa 
oxide  dissolves  in  a  solution  of  ferroui  chloride,  wtth  precipitAtioa  of  ft  n'~^    ' 
ferric  oxide  end  copper  : 

aCu'O   +   2FeCl"  =   2Cu'a»  +   2Cu   +   FoH)' 
Cupric  oxide  likewise  precipitates  ferric  oxide  from  a  solntioD  of  feirona  cl 
the  whole  of  the  copper  then  paaees  into  solntion  as  cuprous  and  cnpric  i*hliTfvl>7  Z 

3CuO   +   2FeCP  -  ¥eK>'   +   Cn"Cl'  +   Cua", 
This  reaction  ia  complete  and  takes  place  quickly,  especially  in   prcscmesof  « 
aalt,   and  onder  the  tnSuBnce  of  heat.     Wfaen  an  tficess  of  cnpric  «ud*  u  ■ 

insoluble  oijchlorides  are  produced;  the  ferric  oxide  pre<npitat«d  L    '*"'  

reactions  likewise  always  contains  small  guantitiea  of  chloride. 

The  extraction  of  the  ores  is  perfarmed  in  a  bath  cootainiiig  for 
duced  by  the  mutual  action  of  ferrous  sulphate  and  a  chloride :   ' 
salt  or  112  lbs.  of  calcium  chloride,  and  280  lbs.  of  ferrous  eulphftto   i 
100  gallons  of  water,  and  200  lbs.  of  common  salt  are  added  to  the  liquid.'". 

titles  are  sufScient  for  the  chlorination  and  solution  of  90  lbs,  of  copper. 

•olution  the  oopperis  precipitated  by  scrap  iron,  which  at  the  same  time  reatorastbebitk 
to  ito  original  state,  bo  tlat  only  au  aichl.h  part  of  freah  lye  nx(uic««  to  bo  w 
ttich  successive  opetftitvtu,    Or*rft^\C\Mi.  ^tftj?^^%!A«  tB^^»^  >^  ^5"'  ' 


Joridcv  enpric  ehlorifc  Ik, 
cDprouB  ehlorida  i*  |Mi^ 
wise  produced  bj  tbati^m 


bdiateh  bj  tVis  ^locesa  ■, 


nVmii 
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be  KMsted.  The  advantege  of  the  procei>8  dependb  on  the  fact  that  the  greater  pare 
of  the  copper  exists  in  the  solution  as  cuprous  chloride,  which  may  of  course  be  preci- 
jntated  by  a  quantity  of  iron  smaller  than  that  which  is  required  for  the  decomposi- 
tion of  the  cupric  chloride  present  in  the  solutions  obtained  oj  the  methods  of  extrac- 
tion hitherto  adopted. 

According  to  a  report  by  F.  Wimmer  (Chem,  Centr,  1873,  104),  this  process  is 
{ttofitably  worked  in  Chile  and  North  Carolina. 

Aoooraing  to  B.  Siemens,  on  the  other  hand  (Dingl.  pol.  J.  ccxi.  184),  it  can  be 
•dyantageooflJy  applied  only  to  rich  copper  ores.  Poor  ores,  which  do  not  admit  of 
elaboxate  preparation,  soon  become  covered  with  a  crust  of  ferric  oxide,  which  absorbs 
the  carbonic  acid  gas  evolved  from  the  copper  carbonates,  and  then  becomes  impervi- 
oos  to  the  liquid.  To  prevent  this  incrustation  of  the  ores  with  ferric  oxide,  they 
must  be  reduced  to  fine  powder,  and  roasted  at  a  temperature  high  enough  to  expel 
carbon  dioxide  from  the  copper  carbonates,  but  not  to  decompose  calcium  carbonate. 
Continual  stirring  and  warming  of  the  solution  are  also  necessary  to  ensure  the  disso- 
lution of  the  cuprous  chloride,  and  subsequent  washing  of  the  ores  with  hot  water  is 
likewise  indispensable.  All  these  operations  are  too  costly  to  be  profitably  applied  to 
any  but  rich  ores,  which,  on  the  other  hand,  can  be  more  advantageously  worked  by 
smelting.    Poor  ores  can  be  more  economically  lixiviated  with  hydrochloric  acid. 

Iheaiment  ofSulphuntted  Copper  Ores. — 1.  Monnier's  method  consists  in  roasting 
the  ore  with  sodium  carbonate,  whereby  acid  sodium  sulphate  is  formed,  together  wil£ 
imi  and  copper  sulphates.  On  raising  the  temperature,  the  free  acid  of  the  sodium 
nit  acts  upon  the  still  unroasted  met^c  sulphides.  The  heat  is  increased  till  the 
iron  snlphate  is  decomposed,  after  which  the  copper  sulphate  is  dissolred  out  by  water, 
and  tiie  solution  evaporated  to  the  crystallising  point,  whereupon  about  four-fifths  of 
tlie  cupric  sulphate  crystallises  out.  The  mother-liq|uor  is  evaporated  to  dryness ;  the 
zwidne  i^tea ;  the  sodium-salt  removed  by  washing ;  and  the  cupric  oxide  which 
nmains  is  smelted  to  obtain  the  metal. 

2.  The  following  method  is  adopted  at  the  Bede  Metal  Works,  Jarrow,  for  extract- 
ing copper  from  the  residues  obtained  in  burning  pyrites  for  the  manufacture  of  sul- 
phuric add.  These  residues  always  contain  a  quantity  of  sulphur  sufficient  to  hold 
m  combination  the  2-4  per  cent,  of  copper  present  in  them.  They  are  first  roasted 
ivith  addition  of  common  salt,  so  as  to  convert  the  copper  completely  into  sulphate, 
'which  then  reacts  with  the  sodium  chloride,  forming  sodium  sulphate  and  cupric 
diloride.  Mr.  Gibb,  the  Director  of  the  above-mentioned  works,  has  constructed  a 
mechanical  roasting  furnace,  by  means  of  which  the  roasting  may  be  completely 
sfiected  with  so  buiaU  a  quantity  of  common  salt,  that  the  resulting  sodium  sulphate 
is  pare  enough  to  be  used  for  the  manufiiicture  of  soda.  The  roasted  masses  are 
Imviated  with  water  and  hydrochloric  acid  ^condensed  from  the  gases  evolved  from 
the  roasting  furnaces),  and  the  copper  is  precipitated  from  the  solution  by  hydrogeii 
•olpbide.  The  liquid  filtered  from  the  copper  sulphide  is  evaporated  to  diyness ;  the 
midue,  after  calcination,  is  ignited  with  charcoal;  the  melted  mass  containing 
iodinm  sulphide,  formed  by  reduction  of  the  sulphate,  is  dissolved  in  water ;  and  car- 
bonic acid  gas  is  passed  into  the  solution,  whereby  sodium  carbonate  is  formed,  with 
erolation  of  hydrogen  sulphide.  The  soda-solution  is  evaporated  to  dryness,  and  the 
hydbogen  sulphide  is  utilised  for  precipitating  copper  (d.  Lunge,  Dmgl.  pol.  J.  cci. 
288). 

On  the  Treatment  of  poor  Copper  Ores,  see  also  Dmgl,  pol.  J,  ccxi.  849  ;  ccxyii. 
478;  Ckmn.  Soo.J.  1874,  1117;  1876,  i.  796. 

Use  ofThosphofus  in  the  Refining  of  Copper. — The  addition  of  phosphorus  in  that 
part  of  the  opemtion  of  refining  copper  known  as  '  polinff,'  increases  the  density  of 
the  refined  metal,  and  at  the  same  time  assists  the  deoxicuition,  thereby  accelerating 
the  process,  and  dispensing  to  a  considerable  extent  with  the  use  of  the  pole.  It 
does  not,  however,  appear  desirable  to  effect  the  deoxidation  entirely  by  phosphorus, 
but  rather  to  bring  tne  metal  by  its  agency  near  to  the  tough-pitch  point,  and  then 
complete  the  process  by  the  less  rapid  action  of  the  pole.  The  phosphorus  is  added 
in  the  form  of  a  phosphide  of  copper  containing  about  7  per  cent  of  phosphorus,  pre- 
pared by  pourinff  melted  copper  upon  sticks  of  phosphorus  placed  at  the  bottom  of  a 
conical  iron  crucible,  protected  throughout  by  a  lining  of  loam  mixed  with  powdered 
cdke.  The  cover  of  the  crucible  is  traversed  by  a  funnel  through  which  the  metal  is 
ponred,  and  has  a  small  hole  for  the  escape  of  air.  The  metal  falls  on  a  perforated 
piste  coated  like  the  crucible,  and  placed  midway  between  the  bottom  and  the 
cover,  thus  presenting  a  body  of  metal  to  absorb  the  escaping  phosphorus  vapour. 

The  proportion  of  phosphorus  required  varies  with  the  diyness  of  the  copper  after 
Aision.  At  Chatham  Dockyard,  where  the  process  has  for  some  time  been  used  with 
great  saccesB,  1  cwL  of  the  copper  phosphide  is  added  to  a  charge  ot  b  \AinA,  «sAm>^ 
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this  qnantity  the  copper  is  scarcely  ever  overpoled.  It  lepreftents  about  Oik?  p« 
cent,  of  phosphorus,  and  about  half  that  quantity  is  found  to  be  psraaDMilj 
retained. 

The  advantages  of  the  use  of  phosphorus  aro  as  follows  : 

1 .  Increased  density  of  the  metal,  that  of  ordinary  cako-copper  being  8'tti  to 
8- 839,  and  rhat  of  copper  refined  by  the  phosphorus  process,  8*864. 

2.  Acceleration  of  the  poling  process  and  reduced  consumption  of  poles  (W. 
Weston,  FhU.  Mag.  [4],  L  642). 

Beactiona  of  Coj^per  with  Water  and  Saline  Solutions. — ^Dbtilled  viUr 
containing  carbonic  acid  dissolves  a  notable  quantity  of  copper,  the  amount  iDOCtfiiig 
with  the  duration  of  the  action,  and  the  pressure  under  which  the  water  hui  bt« 
saturated.  The  solvent  action  of  water  is  increased  by  the  presence  of  ehkridci  la  j 
nitrates,  but  diminished  by  that  of  carbonates,  and  to  such  an  extent,  that  when  ev- 
bonates  are  present,  togeUier  with  chlorides  and  nitrates,  the  aolTont  aetiofi  cf  tb 
water  disappears  almost  entirely  (Muir,  Chem.  Netos,  xxziv.  223,  284). 

Gamelley  (Chem.  Soc,  J.  1876,  ii.  1)  finds  that  the  action  of  water  on  coppu,  tm 
slight  in  itself,  increases  with  the  duration  of  the  action,  and  the  extent  of  aitaf- 
surfistce  exposed,  and  is  diminished  by  the  presence  of  electropositive  Bubstaneai^  aai 
by  nse  of  temperature.  Among  salts,  the  most  active  are  the  ammoninm  mh»,  eip»> 
cially  the  chloride ;  and  among  salts  with  fixed  base,  the  action  is  determined  aolj 
by  the  acid  radicle.  The  least  action  is  exerted  by  the  nitrates,  tlien  follow  enlpleli^ 
carbonates,  and  chlorides.  In  this  case  also  the  quantity  of  copper  dimolTed  ii 
with  the  duration  of  the  action,  the  extent  of  copper-surfkoe  exposed,  and  the  i 
tration  of  the  solution.  With  regard  to  the  action  of  mixed  wdntiooi,  it  is 
that  the  action  of  sodium  chloride  is  somewhat  increased  by  thepresenoe  of  pot 
nitrate,  and  in  a  greater  degree  by  that  of  potassium  sulj^iate.  The  aetioD  of 
nium  sulphate  is  but  slightly  increased,  and  that  of  ammoninm  nitrate  is  i 
increased  nor  diminished  by  the  presence  of  potassium  nitrate.  The  actiso  of 
ammonium  chloride  is  diminished,  by  the  presence  of  sodium  chloride,  less  hj  thit  €f 
potassium  nitrate,  still  less  by  that  of  potassium  sulphate. 

Sulphuration  of  Copper  by  a  Mineral  Water. — In  the  cleansing  of  the  subtenBUMn 
reservoir  which  receives,  from  a  fissure  in  the  rock,  the  thermal  waters  of  BonzboBw- 
TArchambault,  Roman  coins  were  discovered  encrusted  with  coroer  snli^iide,  \^  the 
slow  action  of  the  sulphates  of  the  water  and  organic  matters.  Some  of  the  coins  hid 
been  completely  sulphurised ;  others  retained  in  the  centre  a  thin  remnant  of  tk 
copper,  which  was  immediately  covered  by  a  black  layer  of  sulphide,  and  this  vm 
surrounded  by  phillipsite,  while  on  the  exterior  was  a  stratum  ox  copper  pjritsi,  b 
which  grains  of  sand  were  imbedded.  The  sulphide  of  copper  first  formed  orait  hiie 
absorbed  successive  quantities  of  iron  sulphide,  produced  under  the  same  inflncMM  si 
itself,  so  as  to  change  it  from  the  intermediate  conditiOB  of  phillipsite  to  the  atnnt 
one  of  copper  pyrites,  the  action  being  of  a  nature  analogous  to  that  by  which  ira  ii 
converted  into  steel  by  cementation.  Between  the  layer  of  copper  snlphide  and  Ihrtof 
phillipsite  on  one  of  these  coins  was  found  a  deposit  of  strontinm  smphateu  A  aui 
of  iron  pyrites  was  also  discovered,  with  some  vestiges  of  an  iron  bar  enclosed  ii  s 
cavity  having  the  original  form  of  the  bar  (De  Gk)uvenain,  Compi,  rmL  hn. 
1297). 

On  the  reactions  of  Copper  edits  with  Phosphorous  and  Hypophoepkorome  meiitf  wet 
2nd  Suppl.  966. 

Action  of  Fatty  Oils  upon  Copper,— ThiB  action  has  been  stodiedlijW. 
Thomson  (Chem,  News,  xxxiv.  176,  200,  213).  Strips  of  copper  wer<e  imnMnad  b 
various  fatty  oils  for  ten  months,  wholly  in  the  first  series  ox  experiments^  psitisDf 
in  the  second.  A  portion  of  the  oil  was  then  tested  for  copper ;  another  pottioo  w 
warmed  and  shaken  with  water,  and  the  water  tested  for  copper  and  fbr  add.  Tki 
general  results  were  as  follows : 

1.  The  amount  of  acid  in  the  water  bore  no  relation  to  the  amount  of  copps  dis- 
solved by  the  oil. 

2.  When  the  quantity  of  copper  dissolved  was  large,  the  quantity  going  into  loli- 
tion  in  the  water  was  also  generally  large. 

3.  Certain  oils  caused  the  formation  of  a  green  sediment  upon  the  co|^ier;  Iitd» 
or  no  copper  was  dissolved  by  those  oils.  No  fish  oil,  except  American  siwib  my 
produced  a  deposit  on  the  copper. 

The  following  oils  produced  sediments: — Olive:  palm;  palm-nnt ;  Ibieign  ncitf- 
foot;  English  ditto;  tflllow.  Series  II.  Olive;  palm-nut;  ground  nut;  AmsriesB 
tallow ;  common  tAWow  -,  \atd.  ¥a>V«  «A\d.  \:>tQ^?rcv  y^^««^\.  i^vylucAd  deoosits  oslj  at 
the  point  where  the  copper  cAme  \n\A  CM\i\Acl  w\>^  >(Ni.^  Wlu^  ^H.  >^<^  ^^^^    " 
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tperm  produced  a  slight  green  deposit  at  the  Hurface  of  the  oil.  North  American 
neatsfoot  covered  the  copper  with  a  network  of  green  deposit. 

The  following  oils  dissolved  much  copper,  without  causing  any  deposits  : — Series 
I.  Kefined  rape ;  linseed ;  raw  cod-liver ;  Newfoundland  cod ;  common  seal ;  pale 
rape ;  American  sperm ;  pale  seal.  Brown  rape,  castor,  raw  linseed,  and  English 
neatsfoot  tarnished  the  copper,  and  simultaneously  dissolved  laige  quantities  of  the 
metal. 

The  following  oils  dissolved  smaller  quantities  of  copper,  without  producing  any 
deposits : — Seal ;  pale  seal ;  whale ;  cod ;  shark  ;  East  Indian  ftsh. 

The  following  produced  a  dark-coloured  deposit  on  the  copper : — Non-reflned  rape ; 
pale  ootton-seed;  ordinaiy  ootton-seed;  almond.  Series  XL  Raw  linseed;  En^ush 
neatsfoot ;  cotton-seed ;  brown  rape.  Three  mineral  oils  produced  in  both  senes  a 
greyish  deposit.  English  neatsfoot  and  tallow  alluded  to  in  Series  L  dissolved  no 
capper.  In  Series  XL  American  tallow,  common  tallow,  palm-nut  oil,  whale  oil,  and 
one  sample  of  oliTe  oil  dissolved  no  copper. 

The  green  deposit  formed  on  the  copper  appears  to  contain  a  fatty  acid. 

E^eet  of  eertam  Organia  Bodies  in  Preventing  the  Precipitation  of  Copper-ealts  hy 
AlkeSUe, — ^The  power  of  preventing  the  precipitation  of  cupric  hydrate  bv  alkalis, 
fvliichis  exhibited  bj  aromatic  ozyacids  and  by  phenols,  appears  to  be  limitea  to  those 
which  belong  to  the  ortho-series ;  thus,  in  presence  of  salicylic  acid,  pyrocatechin, 
gallie  acid,  pyzogallic  add,  quinic  acid,  &c.,  the  addition  of  caustic  soda  to  a  cupric 
•olvtion  produces  merely  a  Dlue-green  liquid,  from  which  not  a  trace  of  copper  is 
tfaxown  down,  even  by  a  large  excess  of  the  alkali.  On  the  other  hand,  oxybenzoio 
add,  pazoi^bensoic  add,  resorcin,  and  hydroquinone,  do  not  interfere  in  the 
sli^tast  degree  with  the  predpitatiun  of  the  copper  (Weith,  De^,  Ckem.  Oes.  Ber.  ix. 
S42). 

Batectlon  of  Copper.  Very  minute  traces  of  copper  may  be  detected  hy  im- 
mersing a  small  couple  of  zinc  and  platinum  wire  in  the  solution  to  be  tested,  and 
then  exposing  the  platinum  wire  to  the  mixed  vapours  of  bromine  and  hvdrobromic 
add  given  cfr  on  treating  potassium  bromide  with  strong  sulphuric  acid.  If  the 
smallest  trace  of  copper  has  been  deposited  on  the  platinum,  a  deep  violet  coloration 
win  then  be  produced,  due  to  the  formation  of  a  compound  of  hydrated  copper  bromide 
with  hydrobromic  add.  The  tint  may  be  conveniently  observed  by  tou<Hiing  a  white 
porcelain  plate  with  the  point  of  the  moist  platinum  wire ;  and  after  Uie  experiment, 
Uie  wire  may  be  heated  m  the  ilame  of  a  Ikinsen  burner  to  show  the  green  oopper- 
flsme  (L.  Czesta,  Gomz,  ekim,  itai.  vii.  220). 

The  presence  of  sHiall  quantities  of  copper  in  vinegar — due,  perhaps,  to  the  action 
of  the  vinegar  on  the  brass  taps  and  fittings  of  the  store-vess^s — may  be  eanly  de- 
tected by  dectrolyving  the  liquid  mixed  with  nitric  or  sulphuric  add  in  a  platinum 
cmdble  serving  as  the  pontive  pole  of  a  small  voltaic  battery,  the  negative  pole  being 
formed  of  a  bMt  piece  of  platinum-foil  dipping  into  the  liquid.  The  copper  is  then 
precipitated  on  the  platinum-foil  in  the  form  of  a  pure  red  film.  The  aeposition  is 
accelerated  by  heating  the  crucible  in  water  to  60^-80^  (A.  Roche,  J.  Pkarm,  Chim. 
[4],  xxvi.  23;  Chem.  Soe.  J.  1877,  ii.  927). 

On  the  Deteetion  of  Coppenr  in  the  Human  Body,  see  Raoult  a.  Breton  {Compt.  rend, 
Ixzzv.  40;  Chem,  8oc,  J.  1877,  ii.  928). 

aottmatlOB  of  Copper.  P.  Lagrange  {Awn,  Chim.  PJws.  [6],  iii.  478)  estimates 
copper  volnmetrically  by  decomposing  it  with  glucose  in  alxaline  solution.  An  add 
copper-solution  is  first  predpitated  with  excess  of  alkali ;  the  well-washed  predpitate 
is  dissolved  in  sodium  tartrate  and  caustic  soda,  and  the  liquid  is  titrated  with  a 
standard  solution  of  glucose.  To  prepare  this  solution,  a  known  quantity  of  cane- 
sngar,  thoroughly  washed  with  alcohol,  is  dissolved  in  a  small  quantity  of  water,  and 
inverted  by  boiling  with  a  few  drops  of  sulphuric  acid,  the  add  being  then  removed 
by  digestion  with  barium  carbonate.  In  applying  this  method  to  ores  or  alloys  rich 
in  iron,  the  iron  must  first  be  removed,  which  is  beet  done  by  means  of  ammonia. 
The  presence  of  silver  has  no  infiuence  on  the  determination,  as  this  metal  remains 
undiasolved  in  the  form  of  oxide,  when  the  cupric  oxide  is  dissolved  in  the  alkaline 
solution  of  sodium  tartrate. 

Camelley  {Chem,  NewSj  xxxii.  808)  estimates  small  quantities  of  copper  oolori- 
metrically,  by  comparing  the  brown-red  colour  produced  in  a  solution  of  potassium 
ferrocyanide  containing  ammonium  nitrate  by  a  copper-solution  of  definite  strength, 
with  that  which  is  produced  under  similar  conditions  by  the  copper-solution  under 
examination. 

Lou  of  Copper  in  the  Cornish  method  of  Assaying, — According  to  C.  Mahony 
{Chem,  News,  xxvi.  243),  the  results  obtained  by  this  method  are  always  too  low, 
owing  to  loss  of  copper  hj  volatilisation  in  the  form  of  chloride. 
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This  lou  of  oopprr  tAku  pUce  in  Lbf  fnmoa  for  ■  mmtu-BmUI 
regular,'    It  u  dua  lo  the  circumBlaiii.'e  that  the  copper  oxidiio 
crgdeliutUin  of  matal&ubaequentljrefiuodm  prsMDWof  u  laige 
cMonde.  when,  owing  to  the  high  tempt^raliue  nt  vbich  the 
mnal)  qoontitj  of  coppeF  chloride  ia  formed  uad  voUtiiiMd. 

Tbefoltowiog  table  ahowB  tho  totu  Mtoully  auBtainod  in  tliD  drj  t»mj 
BampIeB  of  copper  pyrites  : — 
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a  tliB  other  hand  (iMJ.  xxiiii.  77).  I^o  s 
le  sole  atu«e  of  loss  in  this  tnetbod  of  nsuying,  m  s  « 
ace  even  when  no  suit  of  an  j  kind  i>  preaent. 
case,  howovsT,  the  loss  is  inBtgnificant. 

Pattrmination  of  Copper  and  Nieiel  bif  EUeCrols/ii 
eleetiolyied  is  placed  in  a  pistiamn  cmdbte  forming  the  n^ative  elsctmde,  ai 

Btinnm  wire  twiitsdlike  acorkscTov.and  formingtbepcaitrredi 

._.  ^ )B  through  the  perforated  porcelain  lid  otihe  emoible.    For  the  ai 

tion  of  copper,  the  Bolntion  must  ha  itronglj  acid ;  for  nickel.  umiD 
method  may  be  used  for  the  separation  of  copper  aud  nickeL     Tba  Bulul 
the  two  metals  is  strongly  acidulated  with  hydrochloric  or  sulpburiu  acid,  atiil  || 
copper  precipitated  from  the  ucid  solution ;  the  liquid  is  then  mode  olkaliiu  «f' 
Binmoiiia,  aod  the  oiokol  is  reduced.    A  battery  of  two  or  three  Grovo'a 
Btifllcieiit  for  the  ptirpciw.    When  a  aolutjon  of  Germaa  silver  is  analysed  i: 
manner,  the  lead  cantoned  in  tbe  alloy  coUecIa  in  the  farm  of  peroxide  at  the  u 
pole,  and  the  iron  is  precipitated  by  the  ammonia  (Merrick,  Citm,  JTnM.  i 
172;  Herpin,  JWny/.yoi.  Xcciv,  «0). 

Etiimation  of  Impurities  in  Commtrcial  Coppir.—ThntaUm  . 
ttolytic  method  Is  described  by  W.  Hampe  (ZiitKhr.  Anal.  Ciein.  1674.  17S). 
35  grams  of  dean  copper  shavings  Bra  dissolved  in  a  mixture  of  about  300  cc 
and  176'180  gnmi  of  nitdc  acid.  gp.  gr.  1-2,  till  no  Uace  o(  metallic  rewdiw  ii  T) 
filings  are  not  so  wall  adapted  for  the  a^say,  as  they  are  apt  to  be  coatAiiiiDaUJ 
iron  and  grease.  The  solnlion,  whether  clear  or — as  fVoqueotly  happens— -MlitUMt 
a  suspendrd  precipitate,  is  mixed  with  25  a.c.  of  chemically  pure  mlplioric  and, 
evaporated  to  dijceas  over  the  water-biitli.  and  tbe  residue  is  healed  io  an  air-totk 
till  tbe  small  excess  of  sulphuric  acid  is  completely  drivea  off.  The  cetidua,  ^m 
quite  cold,  is  treated  with  20  c.c.  nitric  acid.  sp.  gr.  I'S ;  3o0  grams  of  water  He 
gradually  added  till  the  whole  of  the  cupriu  sulphatfl  is  dissolved  -,  and  bydn  ' ' 
add  is  added  ia  quantity  jnst  sufficient  to  precipltjile  tbesilvaF  cootauMd 
aotuCion.  Tho  precipitate,  consisling  of  silver  cmoride,  (iigethet  with  laad  ■ 
and  antimonic  uctd  or  aotlaionHles  which  have  remained  undissolved,  ii  ooUacMl  ■ 
a  rery  small  filter,  and  the  solution,  together  with  the  wash-water,  is  olectmln) 
all  the  copper  is  prouipitated,  the  precipitation  being  complete  when  a  &«ali  jJi 
electrode  introduced  into  the  liquid  becomes  covered  with  a  mere  Bhad«  of  & 
capper.  The  liquid  is  then  drawn  off  with  a  syphon,  without  inlerrnptiDg  1^4 
rent,  and  replaced  as  it  flows  off  by  water  directed  &om  wash-bottles  oo  the  sti 
trodei,  dll  the  evolution  of  gas  at  tbe  positive  pole  ceases,  a  sign  that  tbe  liqtid^ 
longHT  has  any  acid  reactioD.  The  currant  is  now  intairapted;  the  plaliann  iff^ 
which  serves  for  the  negative  electrode,  with  ita  adlieriiig  film  of  coppn.  it  ti 
washed  with  water,  then  over  another  vessel  with  alcohol ;  and  the  copper  is  dtie 
holding  it  in  the  hot  air  over  a  heated  platinum  or  ffilver  diab,  and  taotly  *(■£ 
The  platinum  spiral  forming  the  positive  electrode,  on  which  a  coating  of  lead  dmiil* 
is  olwBj^a  deposited,  ia  rinsed  in  like  manner;  and  the  liquid,  Bmoantiiig  to  sboui 
4  liters,  ia  stroogly  concentiHted  in  a  flask,  and  finally  evaporateid  nearly  (o  drjueasu 
on  air-bttth.  The  residue  is  warmed  with  strong  hydrochloric  acid  ;  the  reaalli«|„ 
BolutioD  dilated  with  watpr,  and  Altered  from  a  email  quantity  of  silica  doivad  6M| 
tbe  glasa  vessels ;  and  Che  filtrate  is  several  times  treated  with  hydrogen  nilpUb,y 
GDilura  the  complete  precipitation  of  oneaic  Before  Ettering  off  tliia  preciptaudj 
lead  dioxide  deposited  on  the  platinum  spiral  is  dissolved  in  hydrochloric  odd;  vf 
lead  precipitattd  as  sulphate  by  addition  of  sulphuric  acid  ;  and  the  prrdpitat^  H 
gether  with  the  sulphide  of  anenic,  is  collected  on  Che  same  filter  with  the  sT^ 
chloride,  aotimonales.  &c.,  proviously  separated.  Tbe  filtrate  at 
nation  of  iron,  nicVcV,  &e,. 
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deBtraodon  of  the  filter,  with  sodium  carbonate  and  salphur,  whereby  the  antimonates 
are  completely  decomposed ;  the  melt  is  digested  witn  water  till  it  is  completely 
disintegrated ;  the  hot  solution  is  passed  throogh  the  filter  which  contains  the  precipi- 
tates separated  bv  hydrogen  sulphide  from  the  other  filtrates ;  and  this  mter  is 
washed,  flbnt  with  dilute  solution  of  potassium  sulphide,  then  with  sulphuretted 
hydrogen  water,  whereby  the  whole  of  the  arsenic,  antimony,  and  tin  are  obtained  in 
the  filtrate  as  sulphur-salts,  while  the  lead,  silver,  bismuth,  and  copper  remain  in  the 
residue,  and  may  be  separated  by  known  methods. 

To  determine  the  iron,  cobalt,  nickel,  &c,  the  filtrate  £rom  the  sulphuretted 
hydrogen  precipitate  is  oxidised  with  nitric  acid,  the  iron  is  precipitated  by  ammonia^ 
and  the  cobalt  and  nickel  from  the  ammoniacal  filtrate  by  electrolysis. 

Lastly  it  must  be  remembered  that  bismuth,  if  present,  is  completely  dissolved  in 
the  treatment  of  the  copper  with  nitric  acid,  and  precipitated,  together  with  the  copper, 
by  the  electric  current :  hence  it  is  necessary  to  submit  the  electrically  deposited 
copper  to  a  special  examination.  For  this  purpose,  the  bismuthiferous  copper  is 
dissolyed  in  a  sufficient  quantity  of  nitric  acid ;  the  solution  mixed  with  a  large  excess 
of  hydrochloric  acid,  and  boiled  till  all  the  nitric  acid  is  expelled,  and  the  contents  of 
the  flask  consist  wholly  of  metallic  chlorides ;  and  the  liquid,  after  concentration  on 
the  water-bath,  is  mixed  with  a  large  quantity  of  boiling  water,  whereby  the  whole  of 
the  bismuth  is  thrown  down  mixed  with  a  small  quantity  of  basic  copper  salt,  and  the 
two  metals  are  separated  by  means  of  ammonium  carbonate. 

To  determine  whether  uie  foregoing  metals  are  present  wholly  or  partly  in  the 
r^gnline  state,  or  in  the  form  of  oxides  or  salts,  two  series  of  experiments  are  required, 
namely,  tlie  quantitatiye  analysis  of  the  residues  obtained:  (1)  oy  treating  the  copper 
with  nitric  acid ;  (2)  by  treating  it  with  neutral  silver  nitrate.  The  £-8t  of  these 
residues  contains  the  metals  which  are  present  in  the  copper  as  antimonates,  especially 
bismuth,  lead,  nickel,  copper  (as  cuprous  salt\  &c.  The  residue  left  on  treating  the 
copper  with  silver  nitrate,  contains  arsenic,  lead,  and  iron,  together  with  cobalt  and 
niexel,  if  these  metals  were  present  in  the  copper  as  oxides  or  as  salts. 

The  total  quantity  of  oxygen  is  best  estimated  by  reduction  with  hydrogen  and 
detennination  of  the  loss  of  weight,  or  of  the  quantity  of  water  formed.  To  determine 
the  quantity  of  oxygen  present  as  cuprous  oxide,  the  copper  is  treated  with  neutral 
■ilver  nitrate,  whereby  a  mixture  of  silver  and  basic  cupric  salt  is  precipitated,  and 
the  quantity  of  copper  in  this  precipitate  gives  by  calculation  the  amount  of  cuprous 
oxide  originally  present. 

COMFOITHDS   OF  COPFBB. 

Alloys.  1.  With  silver.  The  molting  points  of  a  series  of  copper-silver 
alloys  have  been  determined  by  W.  C.  Boberts  (Proc.  Say,  Soo,  xxiii.  849,  481)  by 
the  method  of  Pouillet  {tUments  de  Physique^  6me.  Ed.  li.  664),  which  consists  in 
plunging  into  the  just  melted  alloy  a  wrought-iron  cylinder  of  known  weight  and 
specificheat.  The  crucible  contaimng  the  melted  alloy  is  then  removed  from  the  fire, 
aiid  when  the  alloy  shows  signs  of  solidifying,  the  iron  is  immediately  transferred  to  a 
water-calorimeter,  and  the  rise  of  temperature  of  the  water  observed.  From  this, 
together  with  the  weight  and  specific  heat  of  the  iron,  the  melting  point  of  the  alloy 
may  be  calculated  by  means  of  a  formula  to  be  presently  given. 

First,  however,  it  is  necessary  to  determine  the  mean  specific  heat  of  the  iron 
cylinder  between  O**  C.  and  a  known  point  near  the  maximum  temperature  likely  to 
be  attained  in  the  course  of  the  experiments.  A  convenient  temperature  for  the 
purpose  is  the  melting  point  of  silver,  which  Becquerel  determined  by  placing  a  wire 
of  pure  silver  in  a  crucible  enclosed  in  a  porcelain  tube  surrounded  by  the  vapour  of 
boiling  zinc,  and  therefore  at  a  temperature  of  1040°.  This  heat  is  sufficient  to  effect 
the  partial  fusion  of  the  silver,  the  melting  point  of  which  is  therefore  also  1040°. 

This  temperature  being  known,  the  specific  heat  x  of  the  iron  is  given  by  the 
equation : 

,  ^  (P  +  JPV  +  p-c-x^-t) 
p(T-e) 

Where  o  is  the  corrected  weight  of  the  iron  cylinder ;  * 
F  that  of  the  water; 

*  In  tnmiferring  the  ixon  cylinder  from  the  cmcible  to  the  calorimeter  it  if  impoflBitale  to  avoid 
earrjing  orer  a  smftll  qnanUty  of  the  melted  metal  which  adheres  to  the  iron :  tliis  has  to  be  allowed 
for.  With  pore  silTer,  0*06701  may  be  taken  as  the  speelflo  heat,  and  in  the  case  of  alloys,  the 
neceeaury  correction  may  he  made  by  deducing  the  speoUio  heat  of  each  allov  from  the  specdflo  heats 
of  its  constituents ;  and  the  weight  of  iron  eqiilTalent  to  that  of  the  metd  or  alloy  carried  over  ia 
oalonlated  by  moltiplying  the  weight  of  transferred  metal  by  ita  spedflo  heat,  and  dlTidin^  tha 
ptodnct  by  the  Bpecdao  bmt  o(  Iron,  aa  aaoertained  by  prGUmlnaty  «xpei\xctfai\A«  Tt&a  -wtikngciNt  \a  >(^«^ 
added  to  Utat  of  the  Iron  employed, 
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1040® 
68** 


p  d  and  'j^'  c"  the  -water-equiyalent?  of  the  calorimeter  and  thamaoMter 

respectively ; 
tf  the  initial  temiperatore  of  the  water ; 
0,  the  final  temperature  of  the  water ; 
T,  the  initial  temperatore  of  the  iron,  and  therefore  the  melting  pdat  of 

the  metal  [in  this  case  a  1040^] ; 
X,  the  specific  heat  of  the  iron. 
In  one  experiment  these  quantities  had  the  following  values : 

p  -     84-446  grams  T  « 

P  =   260-620     „  t  = 

pd  +  p^c"  ^     16-687     „  e  « 

These  values  substitnted  in  the  preceding  equation  give : 

(260-52   +    16-687X63   +16) 
84-446  (1040   +    68) 

The  mean  of  three  successive  experiments  gave  0-15693. 

The  several  alloys  were  prepared  by  melting  together  pure  silver  and  pure  eoppcr, 
and,  as  soon  as  the  crucible  containing  the  fused  metal  was  withdrawn  from  the  fnmtt, 
a  small  portion  of  the  thoroughly  fused  alloy  was  granolated  and  set  asde  ftr 
analysis. 

The  data  for  ascertaining  the  melting  point  of  each  aUoy  were  ftunished  by  tii 
oxperiment  similar  to  that  which  was  made  for  determining  the  spedflc  heat  cf  Um 
iron,  and  the  result  was  calculated  by  transposing  the  equation  above  given,  makij^ 
T  the  unknown  quantity  instead  of  x.    The  equation  then  becomes : 

^^  (P  +  p'c'  +  y-0(e  -  0 


0*15734. 


+  e 


px 


the  value  assigned  to  x  being  in  all  cases  0*15693,  as  above  determined. 
The  results  are  given  in  the  following  table. 


Melting  points  of  Silver- Copper  Allat/s. 


No. 

1 

Parts  of  pare  silver  iu 

Approximate 
lormnla 

1 
Melting  points  (mesa)  ia  , 

1000  parts  of  the  alloy 

d«gzees  Oentignde 

1000 

1040              j 

(pure  BUver) 

2 

925 

Ag'Cu 

03M 

3 

820-7 

Ag«Cu 

886-2             1 

4 

798 

Ag»Cu« 

887-0            1 

5 

773-6 

Ag^u 

858-3 

6 

760-3 

Ag^Cu* 

850-4 

7 

718-93 

Ag»Cu« 

870-5 

8 

630-29 

AgCu 

846-8 

9 

600 

Ag'Cu" 

8670 

10 

669-6 

Ag'Cu» 

899-9 

11 

6611 

Ag>Cu* 

917-6 

12 

640-8 

Ag»Cu» 

919-8 

13 

600 

Ag«Cu» 

940-8 

14 

497 

A^Cu» 

962-6            , 

16 

469-4 

AgCu« 

960-8            > 

16 

260-5 

AgCu* 

1114-1 

17 

0 
(pure  copper) 

■ 

1880 

The  alloys  numbered  7  and  8  are  of  especial  interest.  The  first,  Ag*Cu',  ULbtoTi 
homogeneous  alloy  (v.  287),  which  does  not  exhibit  the  phenomenon  of  liquatioii,  hot 
retains  its  constitution  when  slowly  cooled.  The  alloy  AgCu,  in  which  the  itomie 
relation  between  the  two  metals  is  the  simplest  of  all,  exhibits  the  lowest  mbha^ 
point. 

In  studving  the  phenomena  of  liquation,  the  alloys  were  cast  in  red-hoi  moddief 
fire-brick,  in  which  the  metal  (about  60  oz.)  could  be  slowly  and  nnifonn!^  eoolti 
The  results  showed  that  the  homogeneity  of  LevoVs  alloy  is  slightly  diatmbed  hy  tUi 
method  of  casting  -,  and,  on  the  other  haiid,  that  alloys  which  contain  more  than  71*89 
per  cent,  of  ailver  haxdVy  b\iqw  a\|^  Q»i  T«axt«xk^«Bx«DX.  -<«Vw%\i  \3^  w^VwiiftcatMa  taka 
place  gradually.    T^o  aXio^  couXaMsaiL^  t^^w^^rXx's^lI  ^'^  vbl^'^V^  \«t  ^kgX.  ^  "^ 
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were  found  to  bo  far  from  homogeoeous,  and  in  the  former  the  anangement  whM  in- 
fluenced by  gravity,  the  base  of  the  casting  being  rich  in  silyer. 

The  specific  gravity  of  Levol's  alloy  was  found  to  be  9*9046  in  the  solid  and  9*0054 
in  the  fluid  state. 


2.  With  Tin.  A  Riche  (Ann,  Chim.  Fhya,  [4],  xzz.  351)  has  examined  a  series 
of  these  idloys  with  regard  to  fusibility,  liquation,  and  changes  of  density  resulting 
from  certain  operations.  The  alloys  SnCu'  and  SnCu*  are  the  only  ones  which  melt 
and  solidify  without  decomposition,  and  their  melting  points  lie  between  those  of 
antimony  and  of  silver  (of  899  degrees  of  flneness),  or  about  600^-700^ ;  fdl  other 
alloys  of  tin  and  copper  undergo  liquation  at  the  moment  of  solidification. 

To  examine  these  phenomena  more  closely,  the  several  alloys,  in  quantities  of  600 
to  700  grams,  were  fused  for  ten  hours  in  tubular  moulds,  and  the  top  and  bottom 
portions  of  the  castings  were  analysed.  Another  portion  of  each  of  the  melted  alloyi 
was  stirred  during  solidification,  and  the  portion  which  last  remained  fluid  was  poured 
off  and  likewise  imalysed.    The  results  are  given  in  the  following  table : 


Oompodtion 
of  the  alloy 


Cu 


1     1^^ 


Percentage 

of  tin 
top     bottom 


9'2?}«7«7 


Cu 


^   {sn« 


15-21  \ 
84-79  i 


8316 


^-   Isn* 


Cu       21-217  81-81 


Cu 


*•   Isn 


Cu- 


5-   {sn 


Cu» 


«•   Isn 
^'   ISn 

'<•■  [It 


78-79/ 

34-99 ) 
66-01) 

61-84  > 
48-16) 

61-79 ) 
38-21 ) 

68-28 ) 
31-72) 

72-91  \ 
2709  J 

76-31 ) 
23-69) 


74-97 

68*11 
65 


37-29 


30-44 


27-16 


28-37 


^^*^2l21-00 
20-98)  ^*  "" 


13.   { 


Cu»* 

Sn 


81-16 » 
18-86) 

84*33  \ 
15-67) 

89-00) 
1100) 


18-88 


1618 


92-90 

78-90 

84-66 
77-40 

76-83 
80 


Peroentage  of  tin 
of  the  portion 
last  toUdifled 


37-66 
30-83 
26*78 

23-69 

21*32 
18-66 
1518 


98*50 
96-99 
.94-40 
82-83 
60-42 
37-37  to  37-30 
30-91 
27*76 

26-17 
24-86 


24-60 

20-06 
24-50 

1310 


FhyBical  proportlee 


tin-grey,    soft   as    tin;    non- 
crystalline 

tin-grey,  crystallising  by  slow 
coolmg 

tin-grey,    crystallised,    mode- 
rately hard 

whitifih-grey, 
brittle 


ciystallinc, 

r  bluish-grey,  like  zinc ;  crystal- 
l     line,  very  brittle 

f  bluish,  fine-grained,  pulver- 
i     isablo  in  the  mortar 

white,     laminar,     brittle    as 
glass 

white,  with  yellowish  reflex; 
crystalline,  very  hard 

/yellowish,  very  hard,  fine- 
]  grained;  malleable  at  dull 
^     red  heat 

like  No.  9 

like  No.  9 

distinctly  yellow 

gun-metal 


The  specific  gravity  of  these  alloys  is  best  determined  by  filing  off  portions  from  the 
upper  and  lower  ends  of  the  casting,  and  taking  the  mean  of  the  two  specific  gravities. 
In  alloys  rich  in  tin  expansion  takes  place  (that  is  to  say,  the  specific  gravity  of  the 
alloy  is  less  than  the  mean  specific  gravities  of  the  two  metals),  up  to  the  proportion 
CuSn* ;  alloys  richer  in  copper  exhibit  contraction,  which  is  small  m  the  alloy  SnCu', 
then  suddenly  becomes  very  great,  attains  its  maximum  in  SnCu',  and  then  gradually 
diminishes.  The  greatest  density,  8-91,  is  found  in  the  alloy  SnCu*,  even  the  more 
cupriferous  alloys  exhibiting  lower  densities,  e^,  gun-metal,  8*84. 

The  hardness  of  the  alloys,  reckoning  from  pure  tin,  increases  with  the  proportion 
of  copper  up  to  CuSn.  This,  and  all  the  more  cupriferous  alloys  up  to  Cu*Sn,  are 
extremely  brittle,  and  from  this  aUoy  the  hardship  diminifihea  as  tlxA  \!t^Y^t\X!^'Q 
of  copper  incroasea. 

o  o  a 


.<^\k. 
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The  alloy  SnOu*  is  distiDgmBhed  from  all  the  reft  by  several  dianetan :  it  pM> 
sents  the  same  homogeneous  composition  after  repeated  fosion,  is  peenlitr  in  eokNu; 
has  the  highest  density,  exhibits  the  greatest  degree  of  contraction,  and  is  so  Wttls 
that  it  may  be  |pounded  in  a  mortar. 

Bronzes  nch  in  tin  (18  to  22  per  cent.),  such  as  are  used  fSor  making  wind* 
instruments,  have  their  density  increased  by  ignition  and  sudden  plonging  into  eold 
water ;  but  on  again  raising  them  to  a  red  heat,  and  then  leaving  them  to  cool  slowlj; 
the  density  is  lowered,  but  not  to  the  value  which  it  had  before  the  sudden  eooli^ 
By  mechanical  treatment^  such  as  simple  compression  or  the  blow  of  a  <^"«pg  pnsi^ 
followed  either  by  sudden  or  bv  slow  cooling,  the  density  of  these  aUqys  is  inenssad, 
more  aJso  (from  8*776  to  8*962)  by  pressure  and  sudden  cooling,  than  by  pressors  and 
slow  cooling  (from  8*782  to  8*864).  These  bronzes,  therefore,  are  affsc^ed  by  sndda 
cooling,  and  by  annealing,  in  the  opposite  manner  to  steeL  They  cannot  be  worked 
at  ordinary  temperatures,  because  they  break  too  easily ;  they  are  likewise  brittle  at  t 
red  heat,  and  between  100^  and  200^.  But  at  temperatures  a  little  below  dull  rednea 
they  may  be  forged  like  bar-iron,  easily  hammered  out  into  thin  plates,  and  redoeed 
from  14  mm.  to  1  or  2  mm.  thickness  by  passing  between  rollers.  This  property 
renders  them  available  for  the  fabrication  of  gongs,  which  in  external  appeazanoe  and 
sonorous  quality,  as  well  as  in  chemical  composition,  are  identical  witn  the  £uiioiis 
Chinese  instruments.  By  the  same  treatment  in  the  warm  state  these  bronzes  an 
moreover  rendered  denser,  and  more  easily  brought  up  to  any  given  density,  than  by 
similar  treatment  when  cold. 

Alloys  containing  a  smaller  proportion  of  tin  (94  to  88  per  cent,  copper  and  6  to 
12  per  cent,  tin)  which  can  be  rolled  and  hammered  at  ozdinaiy  temperatores  (gos- 
metal,  &c.),  are  not  increased  in  density  by  cooling  either  slow  or  sudden.  If  thej 
are  at  the  same  time  subjected  to  mechanical  treatment  their  specific  gravity  is 
slightly  increased.  A  bronze  containing  6  per  cent,  tin  had  its  density  incrMsed  from 
8*924  to  8*932  by  72  blows,  alternating  with  24  annealings,  and  by  similar  treatmeDt, 
substituting  quick  for  slow  cooling,  the  density  was  increased  from  8*928  to  8*935. 

Riche  has  also  studied  the  liquation  of  gun-metaL  Analyses  of  samples  takes 
from  the  outer  and  inner  layers  of  a  gun  at  d^erent  distances  nom  Uie  breech  showed 
that  the  portion  of  the  alloy  near  the  axis  of  the  bore  is  not  homogeneous,  but  contains 
white  crystalline  grains  very  rich  in  tin  (11-21  to  14*49  per  cent) 

On  the  whole,  however,  the  outer  layers  are  richer  in  tin  (containing  9*282-8*676 
per  cent.)  than  the  inner,  which  contain  from  8*726  to  9*046  per  cent  tin.  For  the 
striking  of  bronze  medals  an  alloy  containing  96-97  per  cent  copper  and  4  per  cent 
tin  is  well  adapted  by  its  colour,  ring,  and  facility  of  working  (lUche). 

Specimens  of  Chinese  and  Japanese  bronze,  distinguished  by  a  very  beautiful  dnll 
black  colour  (patina),  have  been  analysed  by  H.  Morin  (Conqtt,  rend,  Ixxviii  811) 
with  the  following  results : 


1 

S 

S 

4 

5 

« 

7 

Tin 

Copper  . 
Lead 
Gold      . 
Iron 

Nickel    . 
Zinc 
Arsenic  . 
Sulphur , 

1                1 

4*36 

82  72 

9*90 

0*56 

1-86 
trace 
trace 

2*64 
82*90 
10*46 
trace 

0*64 
trace 

2*74 

0*26 

8*27 
81*30 
11*05 

0*67 

3*27 
trace 

3*23 
83-09 
11-60 

0*22 

0-60 
0*26 
fcrace 

6-52 
72*09 
20*31 

1*73 

0*67 

trace 
trace 

7*27 
72*82 
14-69 

0-28 

6-00 
trace 

6*02 
71-46 
16*34 

0-35 

6-94 

tZSfiS 

99*39 

99*63 

99*66 

98*79 

100-32 

100*46 

100H)1 

No.  1  has  a  specific  gravity  of  8*8466. 

The  peculiar  black  colour  of  these  bronzes  is  not  due  to  superficial  sulphontioii, 
but  belongs  to  the  substance  of  the  bronze.  It  increases  indeed  in  intensity  with  the 
proportion  of  lead  present,  which  in  all  these  specimens  is  larger  than  in  ozdinaiy 
bronze.    The  presence  of  zinc  rather  impairs  the  colour. 

In  imitation  of  these  bronzes,  idloys  were  made  of  the  foUowiitt  eoBpo- 
sition : —  *^ 

^si  Qa  'Sb  Fe  lb 

1 5*5  11*5  'Wi*^  V^  \^^ 

U 5-0  ^^-0  \^*^  —  •i.-^ 
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No.  I.  prodaced  an  alloy  exceedingly  difficult  to  vork,  and,  without  giving  any 
snperior  results  as  regards  colour,  famished  castings  which  were  extremely  britde. 

No.  II.,  on  the  contrary,  gave  an  alloy  exactly  resembling  the  Chinese  bronze. 
Ita  £»cture  and  polish  were  identioal,  and,  when  heated  in  a  muffle,  it  quickly  assumed 
the  peculiar  dead-black  appearance,  so  greatly  admired  in  the  Chinese  specimens. 
Hitherto  it  has  been  found  difficult,  if  not  impossible,  to  obtain  this  depth  of 
colour  with  bronzes  of  modem  art,  since  the  surface  scales  o£f  when  heated  under 
similar  conditions. 

Christophle  and  Bouillet  (Compt.  rend.  Ixxyiii.  1019)  confirm  the  results  of 
Morin*s  analyses,  but  point  out  that  the  presence  of  lead  in  bronze  is  lr]r  no  means 
essential  to  the  production  of  a  fine  black  patina.  By  peculiar  oxidation-processes 
they  profess  to  have  succeeded  in  producing  brown,  orange-yellow,  red  and  black 
patina  on  pure  copper.  These  processes  are  not  fully  described,  but  are  said  to 
consist  in  the  production  of  cuprous  oxide  in  two  molecular  states,  and  of  copper 
sulphide. 

Two  Japanese  bronzes,  having  the  colour  of  brass,  were  found  by  S.  Kalischer 
{Dhgl,  pol,  J.  ccxT.  93)  to  contain  : 


8n 

Cu 

Pb 

Zn 

Fe 

L 

.     4-38 

76'60 

11-88 

6-68 

0-47  »     99-86 

IL 

.     4-36 

76-63 

12*29 

658 

0-83   »   10009 

Specimens  of  Japanese  bronze  have  also  been  analysed  by  Maumeni  (Compt  rend. 
Ixxx.  1009)  with  the  following  results : 


Copper 

1 

S 

8 

4 

86*38 

80-91 

88-70 

9207 

Tin 

104 

7-66 

2-68 

1-04 

Antimony     ...... 

1-61 

0*44 

010 

— 

Lead 

6-68 

6-33 

3-64 

— 

Zinc 

3-36 

3-08 

3-71 

2-66 

Iron 

0-69 

1-43 

1-07 

3-64 

Manganese 

— 

trace 

Silica 

010 

016 

009 

004 

Sulphur 

0-31 

— 

Loss 

0-26 

0-79 

0-21 

0-66 

The  specimens  were  from  6-12  mm.  thick,  hard  or  granular  texture,  with  small 
cavities  in  the  interior,  smooth  on  the  outside.  The  alloys  were  probably  not  made 
by  melting  the  metals  together,  but  prepared  directly  from  ores. 

The  following  analyses  of  antique  bronzes  have  been  made  by  Flight  {Deut,  Chem, 
Gee.  Ber.  Til  H61): 


Copper 

Iron 

Cobalt. 

Nickel 

GtJd    . 

Lead    . 

Tin      . 

Arsenic 

Sulphur 

Phosphorus 


97*226 
1-322 


0-279 
0-076 
trace 
1-348 

trace 


93-398 
0*729 

0-163 
0-306 


trace 

0-306 

trace 


99-470 
0-384 

0084 


trace 
trace 


88-771 
0-476 
0-304 
trace 

1-604 
8-608 


trace 


1  to  3  are  spears  from  Cyprus. 
4  is  a  fragment  of  a  dagger. 

Phosphorue-brome. — The  addition  of  phosphorus  during  the  melting  together 
of  copper  and  tin  improves  the  physical  qualities  of  the  bronze  in  several  respects. 
This  was  noticed  by  Parker  m  1868,  and  subsequently  by  Percy,  Will,  Abel  and 
others  {Dingl.  poi.  J.  ccii.  381).  According  to  Monteflori-Levy,  and  Kunzel  {ibid. 
oc  879)  the  phosphorus  acts  either  by  preventing  the  oxidatioii  of  lVi«  TSi<eXA.\A,  ^t  Vj 
conrertlng  the  oxides  into  a  phosphoretted  slag,  so  tbat  ibe  XAiiafivtj  oi\k<b  i^^cyj  x^'tiQ 
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longer  impaired  by  the  interposition  of  oxides  between  ita  moleciiles.  In  Uie  londt- 
ing  of  phosphorus-bronze,  the  copper  is  more  oxidised  than  the  tin,  and  tha  tin  is 
"pvrtXj  united  with  phosphorus,  forming  a  compound  containing  2  at.  phosphonis  and 
9  at.  tin.  l^e  colour  of  the  bronze  thus  produced  is  wanner  than  that  of  osdinur 
bronze,  more  like  that  of  gold  containing  copper ;  its  grain  resembles  that  of  ited; 
its  elasticity  is  greater  by  80  per  cent.,  and  its  absdute  tenadtr  by  170  ^  eat 
than  that  of  ordinary  bronze.  Phosphorus  bronze  is  very  hard,  rerj  ihud  whM 
melted,  fills  up  the  moulds  well,  and  yields  very  homogeneous  castings,  so  that  it  ii 
well  adapted  for  the  manufacture  of  gun-barrels,  and  of  axle-beds  for  machinery. 

Ibcperiments  made  in  the  Polytedmic  School  (Gewerbakademie)  at  Berlin,  on  thi 
tenacity  of  phosphorus-bronze,  snowed  that  a  rod  of  this  bronze  loaded  with  tOO 
centners  per  cubic  inch  broke  only  after  408,230  extensions,  whereas  good  oidinaij 
bronze,  equally  loaded,  bore  only  420  extensions.  Under  the  same  tensionjhosphflWi- 
bronze  broke  after  862,980  flexures,  ordinary  bronze  after  102,660.  Toe  foUovia; 
results  were  obtained  by  K.  Jenny,  in  Vienna : 

Modnlos  of  elasticity  Tenacity  of  extension  at  Tenacity  of  ext— lun  at 

for  loogitadinal  teneion  the  limit  of  elasticity  the  limit  of  taetaxt 

9687  ig.  por  sq.  mm.  13*74  kg.  per  sq.  mm.  40*40  kg.  per  sq.  mm. 

With  phosphorus-bronze  for  guns,  Uchatius  obtained  the  following  results : 

Abeolate  tenacity  Limit  of  elasticity  BztaBakm 

k^.  per  8(].  cm.  Ies^.  per  bq.  cm.  IMF  oaot. 

Phosphorus-bronze  No.  4        3600  to  3340  600  to  400  20*66  to  14*66 

„       No.  5        6660  to  6640  3800  to  2800  1*6    to   2*26 

Krupp*8  steel  for  guns                    6000  1000  11 

Normal  gun-metal                          2200  386  15 

According  to  D.  Kirkaldy  (iind,)  sheathing  plates  for  ships,  made  of  phospbons- 
bronze,  lost,  by  six  months'  immersion  in  sea-water,  1*168  per  cent,  of  theb  weiglit, 
whereas  copper-shoathing  under  similar  circumstances  lost  8*068  per  cent. 

On  the  properties  and  uses  of  Phosphorus-bronze,  see  also  Hontefiori-LeTy,  sad 
Kiinzel  (IHngl,  pel.  J,  ccxi.  37^) ;  G.  Montefiori-LeTy  (AmariGon  Chemist,  t.  178)l 

3.  Copper  and  Zinc.  The  formation  of  these  alloys  is  attended  with  oontraetioo, 
which  attains  its  maximum  in  the  compounds  Zn'Cu'  and  Zn*Cu.  These  alloys  an 
brittle,  like  SnCu'  and  SnCu*,  and  exhibit  none  of  the  physical  properties  of  the  nndUojvl 
metals.  ZnKJu  has  a  sp.  gr.  of  8*048  (calc.  7*679);  Zn*Ou>  has  a  sp.  gr.  of  8*171 
(calc.  7*783).  The  density  of  brass  is  increased  by  mechanical  treatment*  bat  ti^ 
effect  is  partly  annulled  by  sudden,  and  still  more  by  slow  cooling.  Pinchbeck  is  not 
altered  in  density,  either  by  working  or  by  cooling  either  slow  or  sudden.  The  suae 
is  the  case  witli  aluminium  bronze  containing  10  to  6  per'  cent,  alnmininm  (Bidbi^ 
Ann.  Chim.  Phys.  [4],  xxx.) 

4.  Copper  and  I  ron.  The  addition  of  iron  to  copper  diminiahes  its  parosityaod 
increases  its  toughness  and  elasticity.  Copper  and  iron  do  not  easily  alloy  together, 
the  cast  bars  being  richer  in  iron  at  the  top  than  at  the  bottom.  An  alloy  contaisiag 
4*6  per  cent,  iron  has  a  sp.  gr.  of  8*886,  and  yields  a  homogeneous  casting;  botoa 
leaving  it  at  rest  for  some  time  in  the  fused  state,  an  alloy  containing  6  per  oentk  ino 
collects  at  the  top  of  the  casting,  while  the  lower  part  contains  only  4  per  cent.  The 
hardness  and  tenacity  of  copper  are  increased  by  addition  of  iron. 

Chlorides.  Sensitiveness  to  Light. — Carlemann  (J*,  pr,  Chem.  Iziii  476) 
observed  that  a  plate  of  copper  exposed  to  the  action  of  chlorine  gas  till  it  beeoBMi 
yellow,  blue,  red,  yellow,  and  finally  again  blue,  or  treated  with  a  solution  of  eapms 
chloride  in  hydrochloric  acid  till  it  assumes  a  light  brown-red  tint,  beoomps  sosensikifv 
to  light  that  photographs  may  be  taken  upon  it,  the  parts  on  which  the  light  ftXk 
turning  black.  The  photographs,  if  kept  in  the  dark,  remain  distinct  for.  months,  hot 
ultimately  fade.  According  to  Priwoznik  (Dinal,  j)ol.  J.  ocxxi.  38)  a  solution  of 
cuprous  chloride  does  not  produce  this  effect  unless  it  has  been  partly  conyerted  into 
cupric  chloride  by  the  action  of  the  air.  He  finds,  also,  that  the  best  way  of  rendeiiiig 
a  copper-plate  sensitive  to  light,  is  to  dip  it  into  a  neutral  and  only  slightly  dili^ 
solution  of  cupric  chloride,  and  thinks  it  very  likely  that  the  sensitiveness  is  due  to 
a  thin  film  of  cuprous  chloride,  this  compound  in  the  moist  state  being  known  to 
become  coloured  by  the  action  of  light.  Alloys  of  copper  with  silver,  manganese,  sad 
zinc  may  also  be  rendered  sensitive  to  light  by  similar  treatment^  but  in  a  much  km 
degree  than  pure  copper ;  in  fiict  this  difference  of  behaviour  may  Jw  nsed  as  a  rcadf 
means  of  testing  the  purity  of  copper. 

Oxides.    Action  of  £t7ier  on  Qupric  Oxid£.--^^^TVi«^xsi ^t^  c:qe^<^ onda obtaM 
by  precipitation  is  hsaJted.  in  asiii^^ccwift  ^^i5Ks\  «:\^^  \ft  'i&vjp  *\si «.  ^sm^^*c^^V^ 
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verted  into  a  yellow  mass,  from  which  hydrochloric  acid  diMolves  out  a  small  quantity 
of  caproos  hydrate,  leading  metallic  copper  as  principal  eonstitnent.  The  ether  is  at 
the  same  time  oxidised  to  aldehyde  and  acetic  acid*  On  the  other  hand,  when  black 
cuprio  oxide  obtained  by  preapitation  is  heated  with  ether  and  a  little  water,  it  is 
reduced  to  red  cupric  oxide,  likewise  with  formation  of  aldehyde  and  acetic  acid,  the 
latter,  however,  in  smaller  proportion  than  before.  Black  cupric  oxide  prepared  in 
the  dry  way  is  not  reduced  by  ether  at  the  temperature  above  mentionea  (Gu^rout, 
Campt,  rend,  Ixxix.  221).  Ou^rout  had  formerly  observed,  in  conjunction  with 
Becquerel,  that  artificial  malachite  is  reduced  to  cuprous  oxide  by  ether  at  280^. 

Vhosplildes.  Copper  phosphide  is  easily  prepared  by  lining  a  crucible  with 
a  mixture  of  14  pts.  sibca,  18  pts.  bone-ash,  4  pts.  powdeied  coal,  4  pts.  sodium 
carbonate,  and  4  pts.  glass  powder,  made  up  into  a  paste  with  gum-water ;  then  adding 
granulated  copper;  covering  this  with  ala^er  of  the  mixture ;  and  closing  the  cmcible 
with  a  well-fitting  lid.  Soda-glass  or  milk-glass  may  also  be  added,  the  former  to 
facilitate  the  fusion,  the  latter  to  line  and  cover  the  crucible.  On  fusing  the  mixture 
at  a  strong  heat,  the  silica  acts  on  the  phosphate,  taking  away  the  base,  and  the  phos- 
phoric acid,  as  f^  as  it  is  liberated,  is  reduced  by  the  coal,  the  phosphorus  set  free 
then  uniting  with  the  copper  (H.  Schwarz,  Dingl.  pol.  «/*.  ecxviii.  68). 

Montefiori-Lery  and  Kunzel  prepare  copper  phosphide  for  the  manufacture  of 
phosphorus-bronze,  by  putting  sticks  of  phosphorus  into  crucibles  containing  the 
melted  copper.  To  avoid  a  too-ready  combustion,  the  sticks  of  phosphorus  are  coated 
with  a  &in  layer  of  copper  by  pladns  them  in  a  solution  of  cupnc  sulphate.  The 
quantity  of  pfaiosphoms  penetrating  the  bronze  is  but  very  small ;  0*6  per  cent  is 
said  to  be  sufiSdent ;  still  a  considerable  quantity  of  phosphorus  is  always  wasted. 
This  might  be  prevented  by  filling  a  clay  tube,  dosed  at  one  end,  with  sticks  of  phos- 
phorus coated  with  copper  or  with  powdered  red  phosphorus,  and  dropping  the  tube 
with  its  open  end  into  tne  melted  copper.  K  the  tube  is  pressed  to  the  bottom  of  the 
vessel,  the  vapours  of  phosphorus  can  escape  only  after  having  passed  through  a 
higher  layer  of  the  melted  copper. 

Sidot  (Campt,  rmd.  Ixxxiv.  1464)  describes  the  preparation  of  a  phosphide  of 
copper  by  the  action  of  phosphorus  on  a  solution  of  copper  sulphate.  It  is  a  black 
substance,  of  sp.  gr.  6'36,  not  changed  by  air  or  water.  At  a  red  heat  it  melts,  losing 
about  10  per  cent,  of  its  weight,  and  forming  when  cold  a  greyish-white,  brittle, 
metallic-looking  substance.  If,  however,  the  heat  be  greatly  raised,  phosphorus  is  ex- 
pelled, and  the  mass  on  cooling  is  white,  and  as  hard  as  steel.  'When  it  has  been 
several  times  fused  and  cast  in  ingots  at  different  temperatures,  it  acquires  very 
marked  sonorous  properties,  especiafiy  if  a  little  tin  be  added.  The  phosphides  of 
copper  present  a  ready  means  of  incorporating  known  quantities  of  phosphorus  with 
other  metals.  By  heating  the  black  phosphide  in  presence  of  phosphorus  vapour,  a 
compound  is  obtained  in  fine  hexagonal  crystals  having  a  metallic  lustre.  Another 
crystallised  phosphide  of  copper  is  formed,  by  heating  in  a  crucible  an  intimate  mix- 
ture of  add  caldum  phosphate,  copper  oxide,  and  charcoal. 

Snlplildes.  Cupric  sulphide^  GuS,  ma^  be  prepared  by  theaction  of  asola- 
tion  of  sulphur  in  carbon  solphide  on  copper  turnings,  the  excess  of  sulphur  bdng  re- 
moved by  washing  with  carbon  sulphide ;  also  by  precipitating  a  copper  salt  with 
potassium  pentas^phido,  and  washing  out  the  excess  of  sulphur  (Champion  and 
Pellet,  Bull,  Soc,  Chim.  [2],  xxiv.  446). 

Cuprous  Sulphide^  Cu^S. — This  compound  is  easily  obtained  in  small  crystals, 
resembling  native  copper-glance,  by  igniting  cupric  sulphide  (precipitated  from  an 
add  solution  by  sulphuretted  hvdrogen)  in  coaUffas.  If  the  copper  sulphide  contains 
free  sulphur,  or  arsenic  sulphide  intermixed  wiu  it,  the  crystals  form  with  greater 
facility.  The  reason  is  probably  this  :  an  arsenic-copper  sulphide  forms  in  the  first 
stage,  but  when  the  temperature  increases,  arsenic  sulphide  volatilises,  and  copper- 
glance  crystals  separate  out.  These  crystals  aro  very  small,  but  have  a  strong 
metallic  lustre,  and  exhibit  under  the  microscope  the  combination,  OP  .  ooP  .  oo^^oo , 
with  great  distinctness.  The  crjrstal  type  is  *  short  prismatic '  (Fronzel,  Jakrb.  /. 
Min.  1876,  673). 

Cuprous  sulphide  reacts  with  silver  nitrate,  according  to  the  equation : 

Cu«S  +  4AgN0»  =  2CuNK)«  +  Ag«S  +  Ag« 

(B.  Schneider,  Pogg.  Ann,  clii.  471). 

A  specimen  of  copper-glance  from  the  province  of  Gatamarca  in  the  Argentine 
Bepubhc,  having  a  sp.  gr.  of  4'7i  and  containing  imbedded  crystals  of  quartz  and  iron 
pyrites,  was  found  by  Schinnever  (Jakrb.  f,  Min.  1872,  977)  to  contain: 

Ca  6  Fto  A«  Zn    610' (matrix)       B\aib 

48-82        2671         6*64        9*16        0*74        VfA        ttoj;^  «  ^^ V^ 


568  COPPER-ZINC   COUPLE— CORUNDUM. 

Silver  copper-glance  {8trohmei/erite),  fornung  the  principal  ore  of  a  miiM  on  Um 
Hoyada,  in  the  north  of  Catamarea,  is  described  by  A.  Stelzner  (MmeraU^itdk 
MUtheiiungm,  1873,  250).  It  occi^  in  tile-ore,  intergrown  with  Binall  qmitiuet  of 
copper  pyrites  and  galena,  sometimes  in  the  interior  of  nodules  connsting  eKtccuily 
of  siliciouB  malachite  with  a  little  cerossite.    An  analysis  by  Siewert  gave : 

Ca  Ag  8  InfloL  Sp.  gr. 

31*61         52-60         14*38         107   »   99*66  615-6*19 

Copper  pyrites, — ^The  ratio  of  the  principal  axis  to  the  seoondaxr  azM  of  tint 
mineral,  tIz.  0*98522  :  1,  given  by  Haidinger,  is  confirmed  by  t.  fcokselnrow'i 
measurements  of  crystals  from  the  Victoria  mine,  near  Miisen  {^aktub,f,  Qnm, 
1874,  1267). 

G.  vom  Bath  {J?ogg,  Ann.  Jubelband^  1874,  544)  describee  a  twin-crystal  atooffa 
pyrites  from  Ghiinau  on  the  Sieg,  in  which  the  two  individuals  of  the  oombioatHB 

-- .  —  .  .  Poo  «  ^  Poo  .  OF,  are  grown  together  by  the  two  tetrahedral  fiioes,  but  ii 
2  2  8 

such  a  manner  (as  shown  by  the  different  positions  of  OP  in  the  two)  that  the  tatn* 

hedral  face  of  the  one  individual  belongs  to  the  positive,  and  that  of  the  other  to  tkt 

negative  tetrahedron. 

Extraction  of  the  Preeioue  MetdU  from  Copper  Pyrites. — ^The  palverised  residici 
are  mixed  with  sodinm  chloride,  and  roasted  m  a  reverberatory  foniaoe.  TheroiaCed 
mass,  consisting  principally  of  ferric  oxide,  sodium  sulphate,  sodium  chloride^  aad 
copper  chloride,  is  next  lixiviated  with  water  rendered  add  by  hydrochlorie  add. 
The  insoluble  ferric  oxide  is  used  for  the  fettling  of  puddling  fumaoes,  while  ths 
lixivium  which  contains  the  copper,  silver,  and  gold,  as  chlorides,  is  predptatad  hj 
addition  of  a  soluble  iodide  (or  a  solution  of  kelp),  as  it  has  been  found  tnat  sihv 
iodide  is  much  less  soluble  than  silver  chloride  in  a  solution  of  sodium  chUnide,  and 
that  the  precipitate  obtained  by  the  addition  of  an  iodide  to  the  lixivium  contains  neuiy 
the  whole  of  the  silver,  together  with  the  gold.  This  precipitate  is  freed  from  ooppv 
by  hydrochloric  acid,  and  reduced  by  zinc,  the  iodide  of  nnc  obtained  beinff  usm  ibr 
the  precipitation  of  a  new  quantity  of  silver.  The  copper  contained  in  ue  liqaor 
from  which  the  gold  and  silver  have  been  thus  separated,  is  precipitated  bj  mesiii  d 
metallic  iron. 

During  1871,  16,300  tons  of  residue  have  been  thus  treated  in  the  works  estab- 
lished at  Widnes  by  Claudet  and  Phillips,  the  yield  of  silver  being  888,242  gusH 
(10,715  troy  ounces),  and  that  of  gold  being  3,172  grams  (102  troy  ouieH) 
(F.  Qaudet,  Ann,  Chim.  Phys,  [4],  xxvii.  407). 

COPPBS-ZZWC  COVPXA.  The  activity  of  these  couples  depends  partly  ca 
the  proportion  of  copper  deposited  on  the  zinc  foil,  partly  on  its  state  of  sggregatMa, 
which  varies  with  the  strength  of  the  solution  of  copper  sulphate  employedto  attack 
the  zinc.  If  the  couple  is  to  be  employed  for  the  decomposition  of  water,  or  for  pn- 
paring  ethane  from  a  mixture  of  alcohol  and  ethyl  iodide,  the  maximum  aetivi^  ii 
obtained  by  depositing  the  copper  from  a  2  per  cent,  solution  of  the  sulphate  in  as 
successive  depositions ;  but,  for  dry  couples,  such  as  those  used  in  the  prepantiaB  €f 
the  organo-zinc  compounds,  and  in  similar  reactions,  one  depcMsition  from  a  2  per  csat 
solution  is  found  to  be  most  effective.  The  chemical  activity  of  these  cxm^im  bai 
been  experimentally  ascertained  to  be  more  than  1000  times  as  great  as  that  of  pan 
zinc  (Gladstone  a.  Tribe,  Chem.  8oc.  J.  1877i  i.  561). 

€J09TXKMm  An  alkaloid,  contained,  together  with  berberine,  in  Ooptis  trifoHtU 
Salisbury  (the  Selleborus  trifdius  of  linnsBus),  a  ranunculaceons  plant  giowiag  is 
North  America.  Goptine  is  colourless,  and  forms  with  potassio-mercurie  iodida  a 
crystalline  precipitate  which  dissolves  in  sulphuric  add  to  a  colourless  liquid  baoosi- 
inff  purple-red  when  heated.  The  plant  also  contains  albumin,  resin,  a  frUj  oil, 
colouring  matter,  extractive  matter,  sugar,  vegetable  fibre,  and  4  to  5  per  eei^  aih, 
one-tenth  of  which  consists  of  silica  (E.  Z.  Gross,  "N,  Rep.  Pharm,  zxiii.  68). 

CO&AZAZV.    See  Bosolic  Acid. 


CO&CBO&V8.    See  Jute. 


I,  The  crystalline  form  of  cordierite,  occurring  near  Lake  Laadi  io 
shaJy  eruptive  masses,  together  with  sanidin,  biotite,  sapphire,  garnet^  diopdda,  spinel, 
and  magnetic  iron  ore,  is  described  by  G.  vom  Hath  (Poya.  Ann.  dii.  40;  Jahk  /. 
Min.  1874,  865). 

On  Pseudomorphs  of  Cordierite,  see  A.  Wichmann  (Jahrb.f.  Min.  1875,  194). 

CO&UVBUBS.  A  description  of  the  corundum  region  of  North  AmwIim, 
Georgia,  and  Montana,  and  oi  uv^  loiTi^'n^a  ^tJi^Tii^T)L'fiT!k.^\\>^\&  ^v«u  by  J.  L.  Sauth 
(Sill.  Am.  J.  [3],  vi.  ISO  •,  Compt.  Tcnd.VuLV\\.^b^,  \atfV 
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The  corundum  of  North  Carolina  appears  in  the  form  of  blue,  green,  grey, 
pink,  ruby-coloured,  or  white  masses,  sometimes  weighing  300-400  kilograms.  Some 
specimens  show  a  cleavage-plane,  and  some  have  a  hexagonal  prismatic  form.  The 
gangue  is  either  chrysolite  or  serpentine.  The  former  occurs  in  a  system  of  veins 
extending  for  190  miles.  Their  coiirse  for  130  miles  lies  along  the  north-west  side 
of  the  Blue  Mountains,  at  a  mean  distance  of  10  miles  from  the  summit,  from 
Mitchell  Comity  to  Macon  County.  They  then  make  a  curve  round  the  source  of  the 
Little  Tennessee,  and  run  towards  the  north-west  for  10  miles,  after  which  they  follow 
the  line  of  the  Bine  Mountains.  The  serpentine  appears  at  intervals  along  the  whole 
of  this  line.  From  Mitchell  to  Macon  it  is  always  found  inclosed  in  gneiss  containing 
rose  garnet,  kyanite,  and  pyrites.  After  the  above-named  curve  it  is  found  in  both 
gneiss  and  hornblende,  from  Buck's  Creek  to  the  south-west  the  latter  occurs  in 
very  large  masses,  in  which  albite  replaces  the  ordinary  felspar.  Associated  with 
the  serpentine  are  chalcedony,  magnetic  oxide,  chrome-iron,  spinel,  rutile,  chromite, 
chlorite,  talc,  steatite,  anthophyllite,  tourmaline,  emeryllite,  epidote,  zoisite,  albite, 
asbestos,  picrolite,  actinolite,  and  tremolite.  The  corundum  occurs,  sometimes  in 
ripidolite  in  the  fissures  of  the  serpentine,  sometimes,  as  at  Buck's  Creek,  in  chlorite, 
except  the  red  variety,  which  is  found  in  zoisite.  The  chrysolite  of  North  Carolina 
holds  a  position  analogous  to  that  of  the  calcareons  rock  of  Asia  Minor,  which  forms 
the  gangue  of  emeiy  in  that  region.  The  adjacent  rocks  in  each  of  the  localities  show 
the  formations  to  be  of  the  same  geological  age,  and  contemporaneous  with  the  forma- 
tion in  Chester  (Mass.)  Each  locality  has,  however,  its  special  characteristic.  In 
Asia  IGnor  the  emery  is  associated  with  but  a  small  quantity  of  black  tourmaline. 
Diaspore  is  also  rare,  but  when  it  does  occur,  it  is  found  in  most  perfect  crystals. 
The  emery  of  Naxos  and  Nicaria  is  accompanied  by  black  tourmaline  in  abundance. 
The  rock  containing  the  corundum  of  Chester  is  composed  of  talc  and  saponite  with 
hornblende-gneiss.  It  is  accompanied  by  magnetic  iron  oxide  and  tourmaline  in 
abundance. 

Prof.  Shepard  is  in  possession  of  two  crystals  of  corundum,  each  weighing  150 
kilograms.  One  of  these  is  red  on  the  surface  and  bluish-grey  in  the  interior.  Its 
form  is  that  of  a  hexagonal  prism  whose  summit  is  terminated  by  a  rather  uneven 
hexagonal  plane.  The  second  crystal  is  greyish-blue,  with  a  pale  sapphire  colour 
near  the  angles.  Its  form  is  that  of  a  re^^lar  hexagonal  prism,  well  defined  at  one 
end  only.    Some  of  the  lateral  f&cea  are  coated  with  pearly  margarite. 

A  very  elaborate  memoir  on  corundum,  its  products  of  decomposition,  and  the 
minerals  which  accompany  it,  has  been  published  by  F.  A.  Genth  (J*,  pr.  Chan.  [2],  ix. 
49-113;  abstr.  (ToAi^./.  Ch»n%,  1S73,  1151). 

The  accompanying  rocks  are  olivine-rock  and  chlorite  slate,  which  form  the 
gangue  of  the  corundum. 
^The  accompanying  minerals  are  the  following: 


Spinel,  in  peeudomorphfi  after  corundum. 

Smaragdite  (?). 

Zoisite. 

Pdspars,  including  andesite  and  oligo- 
clase. 

Fibrolite,  pseudomorphous  after  corun- 
dum. 

Staurolite. 

Damourite,  frequently  in  psendomorphs 
after  corundum. 

Ephetite. 

Paragonite. 

Jefferisite. 

Chlorite. 

Kenite. 

Maoonite. 


Willcoxite. 
Pattersonite. 
Chloritoid. 

Margarite,  and  an  earthy  mineral  pro- 
duced by  its  transformation. 
Dudleyite. 
Diaspora. 
Bauxite. 
Gibbsite. 
Quartz. 
Opal. 

Tourmalin. 
Cyanite. 
I^phyllito. 
Euphyllite. 
Lazulite. 


Iteepecting  the  formation  of  these  minerals,  C^th  suggests  the  following  views : 
Simultaneously  with  the  formation  of  the  olivine-rock  containing  chrome-iron  ore 
(afterwards  partially  converted  into  serpentine,  &c.)  alumina  separated  in  the  form  of 
oorundum.  This  was  subsequently  transformed  into  a  large  number  of  minerals,  viz., 
spinel,  fibrolite,  cyanite,  perhaps  felspar,  tourmalin,  damourite,  chlorite,  and  margarite. 
Some  of  these  transformation-products  still  exist  in  the  form  of  thick  beds  of  mica- 
(damourite-)  and  chlorit^slate,  whilst  another  portion  ia  further  transformed  iulA 
pjropbjlUte,  bauxite,  iaxulite,  &c. 
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Amongst  these  minerals  the  following  are  now  species. 

1.  Kerrite  fonnd  in  the  Culsagee  mine,  Macon  Co.,  North  Oarolina,  eondrts  of 
numerous  fine  scales,  yery  mild,  of  sp.  gr.  3 '303,  light  greenish  yellow  to  favmrniih 
colour,  and  nacreous  lustre.  It  melts  to  a  white  enamel,  and  dissolyes  in  hjdiocUone 
acid. 

The  mean  of  two  closely  agreeing  analyses  by  Chatard  gaye — 

aO"  A1"0»  F^O*  FeO       NlOa^OoO     MgO  HK) 

38*29        11-41         1-96        0*32        0*25        26*40        21'25   »   99*87 

whence  may  be  deduced  the  formula  2(3R0.2SiO>)  +  (BK)*.SiO^+  lOHH). 

2.  MaoonitCt  from  Macon  Co.,  North  Carolina,  Ukewise  forms  scaly  amrogitei 
Sp.  gr.  » 2*827.  Somewhat  harder  than  kerrite.  Dark  brown,  with  senfoi^aBie 
lustre.  Melts  before  the  blow-pipe  to  a  brown  glass.  Decomposed  by  adds,  with 
separation  of  scaly  silica.    The  mean  of  two  analyses  by  Chataia  gayoi-* 

>  101-12 
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11*86 

agreeingnearly  with  the  formula  3B0.2SiO« + 2(R«0«.SiO«)  +  6HH).    About 

of  the  KO  consists  of  alkalis,  R*0.  The  mineral  contains  numerous  fngmeiiU  ef 
bluish-grey  corundum,  and  small,  shining,  red-brown  crystals  of  anothsr  minenlp 
probably  sphene. 

3.  WtUcoxiie. — ^Laminar  groups  resembling  talc;  white,  greeniah,  or  gitjiib' 
white,  with  nacreous  lustre.  Melts  with  difiiculty  to  a  white  enamel,  ooloonng  tbe 
outer  flame  yellow.  Dissolves  in  hydrochloric  acid,  with  separatioo  of  flocCTlwt 
silica.  The  following  is  the  mean  result  of  two  analyses,  one  of  a  specuneD  fnm 
Shooting  Creek,  forming  the  crust  of  a  corundum  nucleus ;  the  other  from  tbi 
Cullakenee  Mine,  Clay  Co.,  North  Carolina. 

SiO»       Al-0»      Ftf^     FeO       MgO      Na"0     K*0      Li«0      H«0 

20-23    37*52     1*33     2*41     17*28     6*48    244    trace    3*66   -  100*36 

These  numbers  lead  to  the  formula  3r2BO.Si02)  +  2(2BK)*.SiO^  +  2HK).  Abost 
oue-fifbh  of  the  EO  consists  of  alkalis,  R'O. 

4.  JDudlei/Ue,  from  Dudleyyille,  Alabama,  is  probably  a  transformation-prodnetcf 
margarite,  which  it  accompanies.  Colour,  brown-yellow  to  bronze..  Lustze,  nacwoML 
Before  the  blowpipe  it  exfoliates,  and  melts  with  difficulty  to  a  brown-ydhnr  tarn. 
Soluble  in  hydrochloric  acid,  with  separation  of  flocculent  silica. 

a0»       A1«0»     Fe»0»      FbO       MgO      Li«0     No"0     K"0       BTO 
32*42     28-42     4*90     1*72     16*87     019     1*52     0  56     13*43    »    100*08 

Hence  the  formula  2(3RO.2SiO«  +  (4R2O».3SiO«)  +  10H«O  (Genth,  J.  pr.  Chem.{l\ 
ix.  100). 

Among  the  pseudomorphs  and  transformation-products  of  corandum,  ahon 
enumerateid,  the  following  are  deserving  of  special  notice. 

1.  FseudoTnorphs  of  Spinel  qfter  Corundum. — These  occur  in  seyeval  ptam: 
(I .)  In  Hindostan.  From  this  locality  Genth  received  a  number  of  crystals  partly  uAU" 
grown  with  orthoclase  and  micas,  and  therefore  probably  originating  from,  gnnite. 
Many  of  these  crystals  exhibit  distinct  pyramidal  forms,  as  well  as  the  basal  fice. 
They  are  in  various  stages  of  transformation,  which  always  takes  place  firom  withoit 
inwards,  so  that  there  is  always  a  nucleus  of  corundum  present.  Those  in  wtadk  thi 
conversion  into  spinel  is  complete  have  a  black  colour,  granular  texture,  and  seai- 
metallic  to  vitreous  lustre.  The  streak-powder  is  grey,  and  slightly  magnetic.  Bald- 
ness =  8.     Sp.  gr.  =  4*208. 

(2.)  On  the  road  between  Unionville  and  Kennett  Square,  Delaware  Co.,  Peoonl- 
vania,  mixed  with  talc,  actinolite,  chlorite,  and  corundum,  is  found  a  black  geunuf 
mineral  harder  than  quartz,  which  has  been  recognised  as  spineL 

(3.)  In  the  Culsagee  mine  in  North  Carolina,  a  vein  of  spinel  occum 
chlorite.  The  spinel  is  partly  fine-  to  coarse-grained,  partly  crystallised  in  the 
bination  0  .  ooO.  The  crystals  are  often  covered  with  a  brown  crust,  and  oontiiB 
rutilo  in  their  interior  ,*  they  are  also  associated  with  grains  of  coirmdom  and  Ububk 
of  chlorite. 

(4.)  Another  specimen  from  the  same  locality  resembles  the  chlorospuiel  fron 
Slatoust :  greenish-black  octohedrons  with  strongly  striated  dodecahedral  faces,  ae- 
oompanied  by  chlorite  and  white  corundum ;  it  frequently  also  containa  comndniii  ii 
its  interior. 

Another  Bpecimen  itom  \3h^«aaaft  "^^safta  ^^-^Wk  ^vs^^<:iOcs  ^^cA^.^^.^vk^Moi'i 
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oonuidiim  erystal  1|  inch  in  diameter ;  it  now  oonsists  of  a  nndens  of  black  spinel 
sazToimded  by  chlorite. 

(6.)  In  the  chlorite  of  Dudleyville,  Tallapoosa  Co.,  Alabama,  there  occors  a  black 
spinel  qnite  surronnded  hj  white  deavable  comndnm. 

The  specimens  from  Hindostan  were  analysed  by  Qenth ;  the  rest  by  Konig : — 


Hindoetan 

UnionTiUe 

Culsagee 

Fine- 

CkMne- 

Dark  green 

Alnmina       • 

gnined 

gninad 

vryst* 

48-87 

48-10 

54-61 

60-03 

62-38 

6808 

Ferric  oxide . 

17-30 

18-17 

4-10 

9-49 

779 

1-75 

Chromic  oxide 

— . 

3-23 

1-81 

— 

fcizrons  oxide 

23-53 

23-25 

10-67 

9*33 

11-89 

11-02 

Magnesia 

6-86 

6-66 

18-83 

16-74 

14-98 

19-29 

Cnpne  oonde 

— 

— 

'— 

0-11 

Nickel  oxide 

— 

'— 

— 

— 

0-24 

Silica  . 

— 

1-26 

1-14 

1-56 

4-81 

4-81 

16-24 

— 

— 

100-49 

100-87 

100-49 

100-71 

99-96 

100-41 

These  analyses  (disregarding  mechanical  admixtures)  show  that  the  psendomorphs 
alter  comndnm  from  Hindostan,  and  the  dark  green  mineral  trom  Cnlsagee  are  mix- 
tures of  the  spinel  varieties,  pleonast  (MgO ;  FeOUAlW;  FeW),  and  hercynite, 
FeO. Al'O",  while  the  other  specimens  from  Cnlsagee  likewise  contain  the  chromiferons 
Tariety  called  picotite.  The  spinel  from  Unionville  is  probably  a  mixtnre  of  pleonast 
and  hercynite  (Cknth.  J.  pr,  Ckem.  [2],  ix.  61). 

2.  Tourmalin  as  a  irar^formation-produetof  Corundum. — Tourmalin  is  well  known 
to  be  one  of  the  minerals  ordinarily  accompanying  comndnm.  At  Unionville,  in 
Pennsylvania,  it  frequently  occurs  with  corundum,  forming  irregular  masses  var^ng 
in  size  from  small  grains  to  lumps  several  inches  in  diameter,  especially  in  laminar 
margarite,  or  with  soisite  and  euphyllite.  It  often  exhibits  prismatic  faces,  but 
mortly  forms  a  eranular  filling  between  corundum.  In  the  Culsagee  mine,  Alabama, 
is  found  a  black  tourmalin  containing  crystals  of  corundum  irregularly  distributed 
through  its  mass.  The  tourmalin  is  traversed  by  laminsB  of  chlorite.  Particles  of 
tourmalin  are  often  enclosed  by  crystals  of  corundum,  or  the  contrary.  In  general, 
the  tourmalin  appears  as  matrix  of  the  corundum.  Sometimes  there  occurs  an  almost 
imperceptible  passage  of  corundum  into  tourmalin.  The  upper  end  of  one  crystal  of 
tonrmalin  consists  of  corundum,  which  also  penetrates  into  the  tourmalin.  Very  re- 
markable is  a  pseudomorph  of  tonrmalin  after  corundum.  It  consists  of  a  fragment 
of  a  reddish-grey  corundum  crystal,  somewhat  more  than  two  inches  in  length  and 
breadth,  and  exhibiting  faceB  of  the  prism  and  pyramid.  At  the  upper  end  of  the 
exystal,  nearly  all  the  corundum  is  converted  into  black  tourmalin,  leaving  only  a 
shell  of  corundum  from  ^  to  ^  inch  thick ;  at  the  lower  end  the  corundum  is  still  an 
inch  thick,  but  mixed  with  tourmalin.  The  tourmalin  is  traversed  by  laminiR  of 
chlorite  (Genth,  ibid,  75). 

3.  FibroliU  and  Cvaniie  aa  tranrfomuUian-products  of  Corundum, — At  the  Jantio 
Falls,  not  far  from  Norwich,  in  Connecticut,  small  crystals  of  sapphire  are  found 
completiBly  enveloped  by  fibrolite,  doubtless  in  consequence  of  a  partial  conversion  of 
oorundum  into  fibrolite.  At  Mineral  Hill,  Delaware,  Pennsylvania,  there  occur  in  a 
felspathic  rock,  variouslv  coloured  crystals  of  corundum,  exhibiting  six-sided  stars  on 
their  terminal  faces,  and  a  fibrous  structure  when  ma^ified.  At  the  part  where  the 
transformation  of  the  corundum  begins,  it  is  covered  with  a  thin  greyish-white  deposit 
having  a  glassy  lustre,  and  a  fibrous  stractnre  radiating  from  the  corundum.  Many 
crystals  have  still  a  nucleus  of  corundum,  others  are  completely  transformed,  and 
there  remain  crystals  having  a  confused  fibrous  structure,  psendomorphs  of  fibrolite 
after  corundum.    Their  sp.  gr.  is  3*286,  and  their  composition — 


SIC 

A1"0» 

reo" 

MnO 

MgO 

CaO 

37-37 

60*52 

0-90 

0*10 

0*25 

0-38 

by 
ignition 
0*48   »    100 

Within  the  serpentine  region  of  Delaware  and  Pennsylvania,  various  fibrolite- 
slates  are  found,  probably  originating  from  comndum,  especially  one  at  Mediae  Pa.^ 
wbicb  exhibits  a  silky  lustre  on  its  fibres,  encloses  crysts^^  oi  c^«m\A  ^^<i  f^wox^^ioM^ 
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and  resembles  the  paragonite  slates  of  Switzerland.  Finally  there  oecnn^  amoofp* 
numerous  corundum  crystals,  partly  converted  into  damourite,  from  the  Lsnrens  i^ 
trict  in  South  Carolina,  a  broken  crystal  conyerted  on  the  outside  into  fibrolite,  aad 
haying  the  form  of  a  hexagonal  prism  |  inch  long  and  i  inch  thick  with  a  nndeiii  of 
unaltered  corundimi.  From  the  surface  towards  the  nucleuB  the  fibrolite  exhibit*  t 
radial  structure. 

Cyanite  is  one  of  the  ordinaiy  accompaniments,  and  one  of  the  moit  impoitut 
transformation-products,  of  corundum.  But  whereas  fibrolite,  which  is  chaaaally 
identical  with  cyanite,  affords  true  pseudomorphs  after  conrndnm,  siich  pfleiidoiiK)r|ibf 
of  cyanite  are  not  known,  probably  because  ite  broadly  laminar  etmctiire  hae  oUite- 
rated  every  trace  of  the  original  form.  The  greater  therefore  is  the  impoita&ei  of 
specimens  in  which  a  nucleus  of  corundum  is  still  perceptible.  At  lichfldd  aad 
Washington,  in  Connecticut^  for  example,  rolled  lumpe  of  cyanite  have  been  fiind 
enclosing  corundum  and  diaspore.  A  fragment  of  a  hexagonal  prism  of  eonndaB 
from  Swannon  Gap,  Buncombe  Co.,  North  Carolina,  exhibits  a  ccnroded  turfree,  aad 
is  in  intimate  contact  with  light  blue  cyanite  and  damourite  which  have  been  frcned 
from  it.  A  specimen  from  Wilkes,  in  North  Carolina,  shows  bluish-gze^  ^aaitc 
crystals  and  laminar  parts ;  corundum  in  small  grains  and  fragments  is  distribattd 
through  the  mass.  At  Ciowders  and  Gubbs  mountains,  in  Ghiston  Oo.,  North 
Carolina,  corundum  is  found  in  crystalline  and  massive  lumps,  partly  deep-bins^  psitiv 
greyish-blue  or  red.  The  undecomposed  corundum  is  sometimes  fermgiooii%  aad 
contains  rutilo  crystals  of  various  size  disseminated  through  its  mass.  SoauCiBM 
the  corundum  is  also  converted  into  compact  maipante,  which  envelops  tht 
blue  crystals ;  usually,  however,  into  cyanite  and  damounte ;  and  this  tzansfonnatiQa 
often  proceeds  so  fax  that  not  a  trace  of  corundum  remains,  nothing  indeed  InX  a 
scoriaceous  mass,  in  the  cavities  of  which  occur  crystals  of  cyanite  and  mtile,  oAa 
coated  with  ferric  hydrate  (Gbnth,  ibid.  77). 

On  the  probable  modo  m  formation  of  Corundum,  see  W.  N.  Hartley  {Ckem,  8k. 
J.  1876,  ii.  248). 

COMTHOCJkMBXTB,     The  Karaka  tree  (Oorynoearpus  levigata)   oootaiiii  a 

poisonous  bitter  principle  called  Kara  kin  {q.v.) 

COSA&ira.  A  sulphide  of  lead  and  bismuth,  originally  found  at  Cosala  u  the 
province  of  Sinaloa  in  Mexico,  where  it  occurs  imbedded  in  quarts.  It  was  int 
analysed  by  Oenth  in  1868  (J.pr.  Chem.  ha..  450),  afterwards  by  Frensal  (JaMKk 
/.  Mineralogie,  1874,  673).  The  mineral  called  *  Bezbanyite,'  from  BeMm  ia 
Hungary,  described  in  1858  by  B.  Hermann  {J.  pr.  Chem.  Ixxv.  460)  as  a  sn^lddt 
of  copper,  lead,  and  bismuth  with  lead  sulphate,  appears  indeed  £rom  F^oaeTi 
analyses  to  bo  identical  with  cosalite,  the  lead  sulphate  being  doubtless  a  prodoct  of 
oxidation. 

The  following  analyses  I  and  II  are  by  G^enth ;  HI  and  IV  bj  Frensel;  Tlij 
Hermann : — 
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ni 

IV 

T 

a 

h 

a 

b 

Lead    . 

33*99 

37-72 

3804 

38-13 

31-93 

32-56 

36-01 

Bismuth 

37-48 

3906 

35-46 

36-35 

44-48 

4601 

88-11 

Copper 

—- 

0-85 

0-86 

3-49 

— 

4'n 

Silver  . 

281 

2*48 

1-24 

1-50 

0-22 

— 

I'Sl 

Iron     . 

— 

— . 

3-09 

2-82 

1-18 

—. 

— 

Cobalt . 

4-22 

2-41 

— 

.— 

— 

— 

— 

Zinc     . 

^^ 

1-53 

1-54 

0-18 

— . 

— 

Sulphur 

15-64 

15-59 

15-88 

16-35 

16-68 

— 

11-M 

Arsenic 

5-37 

307 

3-02 

802 

2-82 

— 

oaEygen   7*14 

» 

99-51 

100-38 

99-11 

100-67 

100-98 

99^1 

If  the  copper  in  Ilia  be  regarded  as  replacing  lead,  the  small  quantities  of  ailvar, 
iron,  cobalt,  and  zinc  reckoned  with  the  bismuth,  and  the  arsenic  with  the  8Qlph1U^the 
analyses  I,  II,  III,  and  IV  may  bo  represented  by  the  formula  Pb*Bi^*  op  2Pb9LS9, 
which  requires  41*82  per  cent,  lead,  42-02  bismuth,  and  16*66  sulphur. 

Cosalite  has  a  metallic  lustre,  lead-grey  colour,  and  somewhat  darker  stnaL 
Hardness  2^-3 ;  sp.  gr.  6'22~6'33.  Mild.  Compact,  with  fine-grained  to  fibnm 
structure.  On  one  specun^^u  Nroa  iowxv^iL  t^^  ««\^<i  «imS\*yw&«A&»A.  ^sx^f^al^  -^fcismaticalh 
elongated,  and  exh\\AtVng  x\xa\i-\ikQ  «\i\a.\AWi.   T^^i  TcajMSKiLSs^  ^\;5c!0a«»  ^^&s»^m:^>^ 
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erjBtallises  in  the  form  of  bismuth-glance,  for  it  exhibits  a  tolerably  perfect  brachj- 
diagonal  deayage. 

The  cosalite  of  Bezbanya  is  accompanied  b^  calcspar,  zinc  blende,  iron  pyrites,  and 
copper  pyrites,  and  is  easily  distinguished  by  its  outward  appearance  from  bismuth- 
glance,  telluric  silver,  and  telluric  bismuth,  with  which  it  was  formerly  confounded 
(Pniael,  Jahrb.f.  Min,  1874,  673). 

C08MXC  BVST.  According  to  A.  £.  Nordenskiold  (J.  pr.  Chem.  [2]),  ix.  366) 
■mall  black  particles  are  often  found  among  snow  which  has  &llen  in  situations  where 
it  18  impossiUe  that  these  particles  could  have  come  from  any  terrestrial  source. 
They  contain  organic  matter,  metallic  iron,  nickel,  cobalt,  and  phosphorus.  Nordens- 
kiold  supposes  that  they  are  associated  with  meteors,  and  that  probably  a  similar  extra- 
tgrrestiial  origin  may  be  assigned  to  the  substance  called  cryooonUe^  which  he  formerly 
fbond  on  the  Ghreenland  glaciers.  This  substance  is  a  silicate  having  the  formula 
2(RO.SiO<+AlK)*.3SiO*  +  HK);  it  also  contains  metallic  particles  (iron,  nickel,  and 
eobalt),  and  about  2  per  cent,  of  organic  matter. 

COTO-BAXX.  This  bark,  used  in  South  America  as  a  substitute  for  quinine, 
oeenrs  in  commerce  in  short  pieces  from  10  to  20  mm.  long,  some  flat,  others 
■lightly  curved,  and  having  a  very  powerful  aroma,  recalling  those  of  doves,  pepper, 
and  cassia ;  tiie  taste  is  aromatic.  The  bark  is  very  brittle,  and,  owing  to  the  quantity 
cf  resin  it  contains,  difficult  to  reduce  to  fragments. 

According  to  Wittstein  {Arch.  Pharm.  [3],  vii.  21 3)  it  contains : — 

A  pale  ydlow  ethereal  oil,  lighter  than  water,  with  a  strong  aromatic  smell,  and 
aharp  aromatic  peppery  taste. 

An  alkakfiaf  volatile  and  smelling  of  herrings;  resembling  trimethylamine  or 
pffopylamine. 

A  soft  rem,  yellowish  brown,  of  aromatic  smell,  and  sharp  taste ;  easily  soluble 
in  ether,  chloroform,  and  alcohol,  sparingly  soluble  in  benzene,  and  scarcely  at  all  in 
carbon  disulphide.  Its  solution  has  an  acid  reaction.  It  dissolves  in  ammonia  and 
alkalis,  and  is  reprecipitated  by  acids.  About  one-seventh  of  the  weight  of  the  bark 
consists  of  this  resin. 

A  hard  resin,  dark-brown,  and  brittle,  without  taste  or  smell ;  its  alcoholic  solution 
has  a  bitter  taste  and  an  acid  reaction ;  it  is  insoluble  in  ether,  benzene,  chloroform, 
and  carbon  disulphide,  is  easily  soluble  in  alkalis,  and  predpitated  by  adds.  About 
one-tenth  of  the  weight  of  the  bark  consists  of  this  resin. 

The  other  ordinaiy  plant-constituents  are  also  present,  such  as  starch,  gum,  sugar, 
oxalic  acid,  tannic  acid,  formic,  butyric  and  acetic  adds. 

According  to  Jobst  (N.  Repert.  Pharm,  xxv.  23)  coto-bark  also  contains  a  crystal- 
line prindple,  cotoin,  C'^H^O*,  sjnounting  to  about  1*5  per  cent,  of  the  bark.  This 
substance  may  be  obtained  by  exhausting  the  bark  with  ether,  evaporatin|[  the  liquid 
to  one-tenth  of  its  volume,  and  mixing  the  residue  with  one-sixth  of  its  bulk  of 
petroleum-ether.  On  addition  of  the  latter,  and  removal  of  the  ethylic  ether  by 
evaporation,  resinous  substances  are  deposited,  and  crystals  are  obtained  fh)m  the 
aapematant  liquid. 

The  cotoin  thus  obtained  forms  yellowish- white  crystals  which,  under  the  micro- 
scope, appear  as  four-sided  prisms;  its  melting  point  is  124°;  alkalis  dissolve  it 
with  a  yellow  colour,  and  it  is  repredpitated  on  the  addition  of  acids.  CJoncentrated 
nitric  add  dissolves  it  in  the  cold  with  a  blood-red  colour.  Fehling*s  solution  is 
reduced  bv  it  slowly  in  the  cold,  but  with  great  rapidity  on  the  application  of  heat. 
"With  leaa  salts,  it  forms  a  predpitate  having  the  composition  C**H*'0'.2PbHK)'.' 

Further  experiments  by  Jobst  {Deui.  Chem,  Gee,  Ber.  ix  1633),  and  by  Jobst  a. 
Hesse  {ibid,  x.  249),  have  shown  that  the  active  principles  of  coto-bark  are  not 
always  the  same,  some  samples  yielding,  not  cotoin,  but  other  bodies  having  similar 
but  weaker  medicinal  properties.  Jobst  a.  Hesse,  by  exhausting  the  bark  with  ether, 
obtained  a  brown  resinous  mass  crystallising  after  some  time,  and  consisting  for  the 
most  part  of  three  bodies,  paraootoin,  oxyleuootin,  and  leucotin,  which  were  separated 
by  functional  crystallisation  from  hot  alcohoL 

PAracoUnn,  C^'H^'O*,  forms  small  yellow  laminae,  easily  soluble  in  chloroform, 
ether,  and  boiling  alcohol,  sparingly  in  petroleum  and  boiling  water.  The  aqueous 
solution  deposits  it  in  nearly  colourless  lamiiue.  It  is  neutral  and  tastdess ;  insoluble 
in  ammonia,  and  nearly  so  in  potash-  and  soda-ley ;  soluble  in  strong  sulphuric  and 
nitric  adds,  forming  yellow  solutions.  It  melts  at  182^  to  a  yellow  liquid,  which 
crystallises  on  cooling.  At  a  higher  temperature,  it  sublimes  in  brilliant  yellow 
laminflB.    Saryta-water  converts  it  into  paraooUno  acid,  according  to  the  equation — 

Paracotoi'c  add  forms  an  amorphous  yellow  powder.  It  is  easily  soluble  m  Ckt\»it 
mad  alcohol,  and  is  left  as  an  amorphous  residue  on  e^aij^onLVax^  ^<&  'NaXXat  «^?q^v;s&>. 
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The  Bftme  acid  is  produced  on  heating  paracotoTn  with  weak  potaah-lfj, 

howeyer,  by  a  small  quantity  of  other  prodacts,  amongst  which  is  jparac ^ , 

C'H"0*,  which  forms  delicate  white  laminae,  melting  at  85^,  and  diaolying  ettilj 
in  alcohol  and  ether,  sparingly  in  water. 

Oxyleucotiu,  C*H^O',  forms  thick,  heayy,  white,  four-sided  priams,  which  nilt  u 
133°.  The  fused  substance  solidifies  in  an  amorphous  mass  on  cooling;  It  diaohii 
easily  in  hot  alcohol,  chloroform,  and  ether,  but  not  in  water  or  alkalis.  It  is  tsrtiloB 
and  neutral. 

Leucotin,  C'H^O*,  forms  yery  delicate  light  white  prisms,  which  melt  at  9P, 
and  dissolye  yery  easily  in  alcohol  and  ether.  It  occurs  in  largie  qosntitj  in  eoio- 
bark. 

The  alcoholic  mother-liquor  of  the  foregoing  substances  leayea*  on  eT^wtstioii,  t 
brown  resin,  which  gives  up  to  very  weak  potash-le^  the  following  body : — 

Bydrocotdin,  CPH^O',  crystallises  from  alcohol  m  brilliant  pale-yellow  prisms,  and 
from  boiling  water  in  delicate  white  needles.  It  is  neutral  and  tastalesa,  mdtt  at 
98^,  and  solidifies  to  a  crystalline  mass.  It  dissolves  in  alkalis,  and  is  pzedpitited 
from  the  solutions  by  acids,  even  by  carbonic  acid. 

COVCB-€HLaB8  ROOT.  The  root  of  this  plant  {Triikwn  repeiu)  eontaiiii 
from  2*45  to  3*38  per  cent,  fruit-sugar,  but  no  other  kind  of  sugar;  aeid  wi^i«*^^  htt 
no  lactates;  and  a  gummy  substance  called  triticin,  isomeric  with  mns imn, 
QizQ2«0ii.  This  substance  is  prepared  by  precipitating  the  alcoholic  eztnet  of  tU 
root  with  basic  acetate  of  lead,  removing  the  lead  from  the  filtrate,  eraporating,  a- 
hausting  the  residue  with  alcohol,  then  dissolving  it  in  water,  repeating  toil  trmtmiit 
till  the  solution  no  longer  gives  a  precipitate  with  basic  lead  acetate,  and  fiaallf 
purifying  the  gum  by  dialysis.  The  root  contains  from  6  to  8  per  cent,  of  tritioB, 
but  the  quantity  actually  obtained  does  not  exceed  1*6  to  2  per  centv.,  and  erein  thuii 
not  quite  free  from  nitrogen. 

Tritidu  is  tasteless  and  scentless,  soluble  in  water,  insoluble  in  alcohol  and  HSbet, 
levogyrate,  with  a  rotation  of  50^  to  50*2^.  The  aqueous  solution  yields^  alovlj  oi 
boiling,  easily  under  increased  pressure,  or  on  addition  of  an  acid,  a  quantity  «f 
levulose  corresponding  exactly  with  the  equation  C'^HK)"  +  H*0 » 20H*V. 
Yeast  does  not  act  on  triticin,  but  diastase  quickly  sets  it  fermenting.  With  idjpiiik 
acid  triticin  forms  a  coi^ugated  acid ;  with  alkali-metiih,  compouDda  aolaus  ii 
water ;  with  other  metals,  insoluble,  gelatinous,  and  mostly  colonred  compowids.  Ik 
nitric  aeid  it  is  converted  into  oxalic  acid ;  by  manaauese  dioxide  and  tuMmric  sew, 
or  by  lead  dioxide^  into  formic  acid  (H.  Miiller,  ArcL  Phairm,  [3],  ii.  500  ;  lii.  I), 

COVMABZC  ACX»,  C«H»0«  =  C«H*<^^^^*-^^^  (Tiemann  a.  HnlcU, 

Deut  Chem.  Ga,  Ber,  x.  63,  288).    Acetyt-paraaoumario  acid, 

C»H'«0*  «  C«H*(OC«H«0)— CH=CH— COOH, 

is  prepared  by  heating  a  mixture  of  f^ised  sodium  acetate,  acetic  anhydride,  and  tkc 
sodium  salt  of  paraoxybenzaldebyde : 

C«H*(ONa)-COH  +  (C«H»0)«0  =  CR\OC?H*0).CmKCOm  +  NaHa 

The  product  solidifies  on  cooling  to  a  radio-crystalline  mass,  from  whidi  wntii  maumi 
the  sodium  acetate  and  the  excess  of  acetic  anhydride,  leaving  yellow-faiowii  aei^ 
paracoumaric  acid,  which  may  be  purified  by  sublimation  or  by  redyBtaUiBatiaB  ftoa 
water. 

Acetyl-paracoumaric  add  crystallises  in  felted  groups  of  white  ^il^^ndgr  needki, 
soluble  in  alcohol,  ether,  glacial  acetic  acid,  and  boiling  water,  nearly  inaohiUa  ii 
cold  water,  benzene,  and  diloroform.  It  melts  at  about  195^,  and  sublimes  withotf 
decomposition  at  a  lower  temperature. 

The  acid  heated  with  potash-ley  is  resolved  into  aceticand  paracoumarie  aeii 
(m.  p.  226°),  identical  with  that  which  Hlasiwetz  obtained  from  aloes  {JAMde  Jamli, 
cxxxvi.  131)  in  eve^  respect  except  the  melting  point,  which  Hlasiwets  nimid  to  U 
180^.  Tiemann  a.  Horzfeld  have,  however,  prepared  the  pure  acid  from,  aloes,  nd 
found  that  it  has  the  same  melting  point  as  the  artificially  prepared  pazaeouHiie 
acid,  viz.  226^ 

AcetylorthooouTnaric  acid  is  obtained  similarly  to  the  para-componiid,  by  gseth 
lieating  a  mixture  of  salicyl-aldehyde  (3  pts.),  acetic  anhydride  ^5  pta.),  »^  aodiiB 
acetate  ^4  pts.)  for  some  hours.  The  whole  then  solidifies  on  cooling  to  a  eiyitaDiis 
mass  wnich,  when  treated  with  water,  yields  an  oil  smelling  of  acetic  ^fH  aad 
coumarin ;  and  an  ethereal  solution  of  this  oil,  shaken  with  a  solution  cf 
carbonate,  yields  t\iQreto  a  cx>}e.\£X^A««i\Ae  ^x^^^vV^^kX.  c&raaaaxva.  remaina 
the  ether.    The  acU\,  wVi\c\i  \a  «i<itt\.^\-^T\,\i^<iQ^vTsivwYv^  ^w^\^^^>''Si^Ki^^ 
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eaol^  in  hot  water,  alcohol,  and  ether,  and  crystalliaes  from  water  in  white  needles 
melting  at  146^.  Heated  with  dilute  potash-ley  it  is  reeolved  into  acetic  acid  and 
orthoeoumario  acid,  C*H«(OH)— OH=OH— CO^H.  which  ciystallisea  in  white 
needles  melting  with  decomposition  at  207^-208^. 

Orthocoumaric  add  is  converted  bj  treatment  with  todium'afnalgam  into  hydro- 
orthocoumaricacid,C«H*(OH)—CH«--CH»—CO»H,  which  ciystaUises  in  large 
pointed  needles  melting  at  82^-83''. 

Acetrl-orthocoumaric  add,  gently  heated  above  its  melting  point,  evolves  pnngent 
tamoB  of  acetic  add,  and  ultimately  leaves  a  thick  oily  body,  an  ethereal  solution  of 
which  deposits  on  evaporation  crystals  of  coumarin : 

^^*<0?^C^0"^^'^^  "^  CH'O.OH  +   C*H^        I 

r|TT — ntr 
COITMAJUW.  G«H*0>=>C«H'<^'      ~|     .    ilfetoi^tc  D0rn^t«ef.~Bleibtreu  ob 
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served  {Liebi^s  Jnnalen,  liz.  177)  that  coumarin  dissolves  in  hot  potash-ley,  forming 
a  yellow  solution  from  which  acids  predpitate  the  coumarin  unchanged.  According 
to  Perkin  {Chem,  8oe.  Jour.  zxii.  192),  this  yellow  liquid  is  not  simply  a  solution  of 
coumarin  in  potash,  but  is  a  chemical  compound  of  coumarin  with  the  alkali ;  and  by 
employing  an  excess  of  the  former,  and  adding  a  solution  of  silver  nitrate  to  the  pro- 
duet*  a  yellow  precipitate  formed,  having  the  composition  CH'O'.Ag'O,  and 
analogons  to  a  silver  derivative  obtained  by  Bleibtren  from  nitro-coumarin,  viz. 
C*H*NO'0'.AgK).  Ferkin  also  mentions  that  the  homologues  of  coumarin  dissolve  in 
potash,  and  in  these  instances,  on  boiling  the  solution  until  it  is  very  concentrated, 
the  alkaline  derivative  separates  out  as  an  oily  liquid,  which,  on  cooling,  forms  a 
tanadons  mass. 

A  number  of  other  metallic  derivatives  of  coumarin  have  been  prepared  and 
analysed  by  B.  "V^lliamson  (Chm^  Soc.  Jour,  zzviii.  850). 

Sodium  compounds.  The  monowdic  oom/j^ound^  CH'O^QNaHO,  is  prepared 
liy  boiling  a  solution  of  2  mols.  pure  sodium  hydroxide  for  a  few  minutes  with  1  mol.  of 
oonmorin.  The  resulting  solution  has  a  pale  yellow  colour,  and,  when  dilute,  exhibits 
a  Tery  marked  green  fluorescence.  It  is  aecom^osed  immediately  by  adds,  and 
slowly  by  carbonic  anhydride,  the  coumarin  separating  as  a  flocculent  precipitate :  it 
must  not  therefore  be  much  exposed  to  the  air. 

The  diaodio  oomfofumd^  O'H'O'.NaK),  is  obtained  bv  evaporating  the  solution  of 
the  preMding  salt,  first  in  the  exsiccator  and  afterwaras  at  100°.  It  then  gives  off 
water,  and  solidifies  to  a  radio-ci^stalline  mass,  which  becomes  anhydrous  at  160°,  but 
at  the  same  time  undergoes  partial  decompodtion.  This  salt  is  identical  in  oompo- 
sition  with  disodic  coumarate,  C'H'NaK)',  but  it  does  not  yield  coumaric  add  wnen 
tzettted  with  an  add. 

The  potassium  compound,  G*H'0'.2KH0,  is  prepared  like  the  sodium  com- 
pound, which  it  resembles:  it  has  not  been  obtained  m  the  crystalline  state,  and  like 
the  monosodic  compound  it  is  extremely  deliquescent 

The  silver  compound,  CH'O'.AgK),  is  obtained  as  a  canary-yellow  predpitate 
on  adding  silver  nitrate  to  a  solution  of  caustic  soda  saturated  with  coumarin.  To 
obtain  it  pure,  the  predpitation  must  be  made  in  the  cold,  and  only  a  few  drops  of 
silver  nitrate  at  first  added,  to  remove  any  traces  of  free  caiistic  soda  in  the  product. 
The  slight  predpitate  is  then  to  be  filtered  ofi^  and  the  predpitation  completed  in  the 
filtrate.  The  resulting  precipitate  is  to  be  well  washea  on  a  filter  with  cold  water, 
and  subsequently  with  idcohol  and  ether,  which  removes  any  free  coumarin.  It  must 
be  dried  carefully,  as  it  blackens  above  100°,  and  sometimes  below.  When  strongly 
heated  it  gives  off  coumarin,  which  is  also  liberated  by  treating  it  with  nitric  add.  It 
is  very  definite  and  uniform  in  compontion,  and  appears  to  be  permanent  if  kept  in 
the  dark,  but  gradually  blackens  on  exposure  to  light. 

Barium  compounds.  A  boiling  solution  of  barium  hydrate  dissolves  cou- 
marin, forming  a  yellow  liquid  drying  up  on  evaporation  to  a  sticky  mass,  which 
stiffens  on  further  heating  and  forms  a  bnttle  deliouescent  substance.  This  product 
oontinues  to  give  up  water  till  heated  to  200°,  at  which  temperature  it  has  the  com- 
pontion CH'O'.BafiH)*.  This  barium  salt  is  dmilar  in  properties  to  the  alkaline 
derivatives  of  coumarin,  and  like  them  is  easily  decomposed  by  adds,  and  is  ex- 
oesdvely  soluble  in  water.    It  has  not  been  obtained  in  the  crystalline  state. 

^  heating  barium  hydrate  and  coumarin  in  a  sealed  tube  to  200°  for  a  few  hours, 
a  different  barium  compound  is  formed.  The  liquid  in  the  tube  becomes  durker- 
coloured  and  decomposes,  a  bright  yellow  granular  predpitate  gradually  settling 
down.  The  mother-liquor,  when  warmed  and  acidulated,  gives  a  reddish-brown, 
pt^y  precipitate,  but  no  coumaric  acid  crystaUifiea  out  on    cocJ^t^.   *1!^!^  t^ 
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precipitate  is  insoluble  in  water,  bat  is  freely  dissolTed  by  hot  potash  tnd  \ij 
alcohol. 

The  bright  yellow  precipitate  was  found  to  be  largely  mixed  with  barium  eaihonte. 
and  it  was  almost  insoluble  in  water.  On  treatment  with  adds  it  yielded  a  red 
amorphous  powder,  soluble  in  hot  alcohol. 

Lead  compound.  Lead.nitrate  or  acetate,  added  to  a  solution  of  the  sodiomidt, 
throws  down  a  light  yellow  compound  accompanied  by  free  ooumarin.  To  oMaia  the 
yellow  compound  as  pure  as  |>08sible,  it  is  best  to  precipitate  in  three  fractiooi,  tad 
select  tho  second  one,  which  is  to  be  washed  with  water,  dried,  poimded,  and  di^Bgt«l 
several  times  with  ether  till  all  the  free  coumarin  is  remoTed.  The  prodaet  tfau 
obtained  gives  by  analysis  numbers  agreeing  nearly  with  the  formula  O'HK)*.SPb0. 
Its  formation  may  be  represented  by  the  following  equation: 

2(O»H«0«.2NaH0)  +  2Pb(N0«)«  =  C»H«0«  +   OHW^PbO   +  2ff0. 


The  lead  salt  is  insoluble  in  water,  alcohol,  and  ether,  but  diasolvaa  in  an  ( 
leacl  nitrate,  and  falls  again  on  stirring  as  a  yellow  granular  precipitate. 

Many  other  metallic  derivates  may  bo  formed  by  precipitation  from  a  aolntioB  of 
the  sodium  salt.  Cuprio  au^hate  gives  a  yellowish-green  precipitate  which  is  soae- 
what  soluble  in  excess,  very  imstable,  and  decomposed  on  boiling  into  cnprie  hydzata 
and  coumarin. 

Zinc  sulphate  forms  a  white  gelatinous  precipitate,  insoluble  in  water.  A  lolotioi 
of  alum  also  forms  a  white  gelatinous  precipitate  insoluble  in  water,  bat  easily  solabk 
in  excess  of  the  precipitant.  With  ferric  chloride  a  chocolate-brown  pied|ntats  it 
produced,  and  "with  ferrous  sulphate  a  precipitate  of  a  brilliant  grass-green  cdloor. 

Stannous  chloride  produces  a  bulky  white  precipitate. 

On  heating  the  dry  sodium  salt  to  150^  for  a  few  hours  in  a  sealed  tube  with  eUfl 
iodide,  a  yellow  liquid  is  formed  which,  when  evaporated  and  heated  to  eroel  exoaa 
of  ethyl  iodide,  leaves  sodium  iodide,  together  with  a  stiff  brown  oil  which  beeoaei 
fluid  on  warming,  is  remarkably  stable,  and  is  not  apparently  attacked  eren  by  lwflii| 
potash. 

Acetic  anhydride  heated  to  100°  with  sodium-coumarin  also  forms  a  oompoud, 
which,  when  separated  from  sodium  acetate  by  mixing  with  ether  and  fllteirin^  mj  ba 
obtained  in  a  gummy  state  by  heating  the  filtrate,  to  eipel  the  ether  and  exsM  gf 
acetic  anhydride. 

Propionio  Comnarin,  C'^H^O*  (Perkin,  Chem,  8oe.  Jomr.  zzviii.  10).  TUi 
compound,  intermediate  between  acetic  (ordinary)  coumarin  and  butfric  oonmaiiD,  ii 
formed  by  heating  sodium-salicylal  with  excess  of  propionio  anhydride,  jut  ■ 
ordinary  coumarin  is  formed  from  sodium-salicylal  and  acetic  anhydride  (IjI  ^ffl^ 
500).  The  action  must  be  continued  at  the  boiling  heat  for  an  honr  or  more^  tM 
excess  of  propionic  anhydride  and  the  propionic  add  formed  in  the  reactioa  bsisg 
afterwards  distilled  off  The  crude  propionic  coumarin  remaining  in  the  reUxt  ii 
fbeed  fh>m  sodium  propionate  by  pouring  it  into  boiling  water,  in  which  it  nnks  is  a 
heavy  oil,  but  solidifies  to  a  brownish  crystalline  mass  on  cooling.  It  is  <^^l*Hwi  sad 
distilled  to  render  it  colourless,  then  well  pressed  between  bibulous  paper,  and  tviee 
reciystallised  from  alcohol. 

Propionic  coumarin  thus  obtained  crystallises  in  beautiful  tranapaieot  digjhtlj 
oblique  prisms,  smells  like  ordinary  coumarin,  melts  at  90**,  and  soliiufiea  to  a  oji- 
talline  mass  on  cooling ;  it  distils  without  decomposition.  Boiling  water  diaanlvni  itto 
a  small  extent,  the  solution  becoming  milky  as  it  cools,  and  afterwards  ^•tnw^^fi 
fine  hair-like  crystals.  It  is  moderately  soluble  in  cold,  and  easily  solnbla  in  haSSa^ 
alcohol. 

Propionic  coumarin  is  nearly  insoluble  in  cold  aqueous  potash,  and  when  gasth 
heated,  molts  and  floats  as  an  oU  on  the  surface  of  the  alkaline  solataon.     If  hoflBl 


however,  it  dissolves,  forming  a  clear  pale  yellow  liquid,  which  becomes  opaqae    

concentrated.  On  standing,  an  oily  liquid  rises  to  the  surface,  and  aolidifiea  on  eoaiiai 
to  a  tenacious  mass.  It  is  easily  soluble  in  water,  and  is  decomposed,  with  sepantifla 
of  the  propionic  coumarin,  upon  the  addition  of  an  acid.  When  fused  with  poCaA 
this  coumarin  yields  a  crystalline  acid,  probably  a  propionic  coumaric  add,  bat  ite 
it  is  more  strongly  heated  with  potash,  salicylic  acid  is  produced. 

fi'Bro7m-propimioCoumarvn,C^m'^TO'^=Q^B^\^Q'^^^,-^l£  the  aodinm-saUeTU 

used  in  the  preparation  of  propionic  coumarin  be  replaced  by  sodiom-bramossliq^ 
a  bromiuated  product  is  obtained  homologous  with  /3-bromocoumarin ;  that  la  to  i^, 
a  bromopropionic  coumarin  having  the  bromine  in  the  C*  group : 


^'^fiR^, 
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When  propionic  conmarin  is  mixed  with  bromine  in  excess,  it  dissolves,  and  on 
driving  off  the  excess  of  bromine  and  hydrobromic  acid,  by  heating  the  mixture  over 
the  water-bath  and  then  oyer  the  lamp,  a  crystalline  product  is  obtained  which  gene- 
rally weighs  nearly  half  as  much  again  as  the  coumann  employed,  showing  that  about 
1  atom  of  hydrogen  has  been  replaced.  On  reczystallisiDg  the  product  from  alcohol, 
long  thin  needles  are  obtained,  which  are  also  /9-bromopropionic  coumarin. 

/3-bromopropionic  coumarin  melts  at  146°,  and  solidifies  to  a  cirstalline  mass  on 
cooling.  It  can  be  distilled  with  but  little  decomposition.  It  dissolyes  easily  in 
boiling  alcohol,  but  is  less  soluble  than  propionic  coumarin.  It  dissolyes  gradually 
in  boiling  potash-ley,  and  may  be  precipitated  unchanged  by  acids.  When  fosed  with 
potash,  it  gives  an  orange-red  coloured  product,  together  with  potassium  bromide. 

fi-Dibromopropionic  Coumarin,  C"H«Br»0««C«HBr»J^*^.  —  When  propionie 

coumarin  is  heated  for  a  few  hours  in  a  sealed  tube  to  aboilt  150°  with  twice  its 
weight  of  bromine  dissolved  in  carbon  disulphide,  laige  quantities  of  hydrobromic  acid 
are  formed,  and  on  evaporating  the  carbon  disulphide,  and  twice  crystallising  tiie 
residue  from  benzene,  a  crystalline  product  is  obtained,  the  analysis  of  which  agrees 
approximately  with  that  c^  dibromopropionic  coumarin,  exhibiting,  however,  an  excess 
€$  carbon,  due  probably  to  admixture  of  monobromopropionic  coumarin. 

This  compound  appears  to  have  all  its  bromine  in  the  C-group,  as  it  does  not 
seem  to  be  touched  by  caustic  alkali  till  it  is  fused  therewith,  wheroupon  the  mixture 
changes  to  an  orange  colour  in  the  same  manner  as  in  the  monobromo-derivative. 

Dibromide  ofPrtwionio  Coumarin, — Propionic  coumarin,  exposed  to  the  action  of 
bromine-vapour  in  the  cold,  changes  to  a  viscid  liquid,  and  greatly  increases  in  weight. 
The  poduct  appears  to  be  the  dibromide  corresponding  with  dibromide  of  conmarin, 
but  It  has  not  yet  been  obtained  sufficiently  puro  for  analysis.  Caustic  alkalis 
separate  propionic  coumarin  from  it    Dibromide  of  coumarin,  under  similar  circum- 

stances,  yields  o-bromocoumarin,  C'H'Jqq  ,  which,  if  further  treated  with  al- 

kalis, gives  coumarilic  acid. 

BiUphopropionic  Coumarilic  Acid,  C'«H«0«.SO«  =  0'»H'0*.SO«H.— Propionic  cou- 
marin dissolves  in  fuming  sulphuric  acid  without  any  change  of  colour,  and  on 
gently  heating  the  mixture  in  the  water-bath,  a  sulpho-acid  is  obtained,  which 
IS  eemij  converted  into  the  barium  salt  by  treatment  with  barium  carbonate, 
and  filtering  from  the  barium  sulphate.  On  concentrating  the  filtrate  and  leaving  it 
at  rest,  small  but  brilliant  crystals  are  obtained,  which  have  the  composition 
(C**H'O*.SO«)fBa  +  10H'O,  give  off  part  of  their  water  of  crystallisation  when  dried 
in  a  vacuum,  and  the  rest  at  160°. 

From  these  rosults  it  appears  that,  though  propionic  coumarin  is  analoffous  to 
ordinary  coumarin  in  most  of  its  properties,  it  nevertheless  differs  in  some  particulars, 
especially  in  its  tendency  to  form  ^-derivatives  containing  the  whole  of  the  bromine 
in  the  C'-group,  whereas  with  ordinary  coumarin  the  tendency  is  in  the  opposite 
direction,  the  bromine  entering  most  readily  into  the  acetyl-group  (see  Chem,  aoc,  J. 
xxiv.  53). 

CBSATXn*  C^H*N*0'.  The  following  tests  for  creatine  aro  given  by  R.  Engel 
{Compt,  rend.  Ixxviii.  1707-1708) :  5  or  6  drops  of  a  20  per  cent,  solution  of  silver 
nitrate  aro  added  to  2  c.c.  of  a  cold  saturated  solution  of  creatine ;  and  a  solution  of 
potash  is  then  added,  drop  by  drop,  until  the  white  precipitate  which  is  first 
produced  is  redissolved.  After  a  time  the  liquid  solidifies  to  a  transparent  gelatinous 
mass,  so  that  the  vessel  containing  it  may  be  inverted.  This  mass  becomes  reduced 
immediately  when  heated,  and  in  the  course  of  a  few  hours  at  the  ordinary  temper- 
aturo. 

On  adding  potash  to  a  solution  of  creatine  containing  merouric  chloride,  a  white 
crystalline  precipitate  is  produced  after  a  time,  which  is  insoluble  in  excess  of  the 
precipitant.  Again,  if  a  solution  of  mercuric  chloride  be  gradually  added  to  a  solu- 
tion of  creatine  containing  potash,  a  white  compound  is  first  produced,  and  as  soon  as 
all  the  creatine  is  romoved,  a  precipitation  of  the  yellow  mercuric  oxide  takes 
place. 

The  mercury-compound  of  creatine,  (C*H"N*0*)'Hg.IIgO,  may  be  obtained  pure  by 
combining  creatine  with  mercuric  oxide  at  a  temperaturo  between  0°  and  6° ;  at 
higher  temperatures  the  merouric  oxide  is  reduced ;  but  after  the  compound  has  been 
washed  and  partly  dried  in  a  vacuum,  the  drying  may  be  completed  m  a  curront  of 
air  at  80°  or  90°  without  risk  of  decomposition.  The  compound  is  white  and  dissolves 
in  dilute  acetic  or  hydrochloric  acid  (Enjgel,  ibid,  Ixxx.  885). 

Constitution  of  Creatine, — As  creatine  is  formed  by  the  union  of  cyanamide  and 
SnfSiu/f.  P  P 
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sarcofline  (methyl  glycocine)  just  as  glycocyamine,  CH'N'O*,  which  diflbt  tnm  i%  hf 
CH^  is  formed  by  combination  of  cyanamide  and  glycocine  (ii.  iN)6  ;  lit  St^pfL  501)^ 
it  follows  that  creatine  has  the  constitution  of  metbyl-glycocyamine.  The  formatiQi 
and  constitution  of  the  two  bodies  may  be  represented  as  follows : 

Oyanamide.  aiyoodne.  Qljooeynmine. 

Cyanamide.  Sarcodne.  Creatine. 

In  like  manner  creatinine,  C^H^'O,  is  the  methyl-derivatiye  of  glyoocyHmiifioe,  or 
glycolyl-guanidine,  0"H*N*0 : 

^H— CO  >NH CO 

HN=:0<  I  HNzzOC  I 

^NH— 0H«  \N(0H«)--CH« 

Glyoooyamidine.  Creatinliie. 

Aromatic  Compounds  analogous  to  Creatine, 

BenBfflyoooyainlneff  C'H'N'O'. — This  base,  related  to  benzoic  add  in  the  sua 

manner  as  glycocyamine  to  acetic  acid,  was  first  obtained  by  Grien  in  1868  (DM. 
Chem,  Gee.  Ber.  i.  191)  by  boiling  the  cyamide  of  amidobenzoic  acid  with  caoide 
potash: 

0*H»N0«.2CN  +  H«0  -  C»H»N»0«  +   CO; 

afterwards  by  the  direct  union  of  cyanamide  with  amidobenzoic  acid  {ibid,  m  574): 

C'H^NO'  n-  CH«N«  +  C»H»N«0«. 

More  recently  it  has  been  prepared  by  the  action  of  ammonia  on  the  baaie  eompoud 
Qlo2£l2^sO^  produced  by  the  action  of  cyanogen  on  an  alcoholic  solution  of  amimtio- 
zoic  acid  {Ist  Suppl.  318).*    The  reaction  is : 

C»«H»N«0»   +  NH»  =  C"H»N«0«  +  C«H«0. 

The  basic  compound  is  dissolved  in  cold  strong  aqueous  ammonia,  and  the  soliitin  ii 
left  to  itself  for  a  considerable  time.  Crystals  of  ben^lyoocyamine  then  begia  to 
separate  after  about  twelve  hours,  but  the  transformation  is  not  complete  till  aft« 
the  lapse  of  several  weeks.  The  compound  may  be  purified  bj  recfjatallisation  fraa 
boiling  water  (Griess,  Deut,  Chem.  Ges.  Ber,  viii.  322). 

From  the  results  of  experiments  not  yet  published,  Griess  infers  that  the 
tion  of  the  basic  compound  C**H*^*0'  is  represented  by  the  formula 

CH<=OH— NH^I  C'H»— NH=0» 


i 


C=NH  or  CNH 

00«H»  OC«H» 

whence,  if  the  action  of  the  ammonia  consists  in  the  replacement  of  ethoxyl  \j 
amidogen,  the  formation  of  benzglycocyamine  may  be  represented  by  the  equatito, 

CH»— NH=zO«  C^»— NH=0« 

CNH        +  NH»  =  HOC«H»  +  CNH 

i  Alcohol.  I 

C«H»  NH« 

Basic  compoand.  Bensglycocjamine. 

These  compounds  may  also  be  represented  by  formulae  analogous  to  th^t  aborc 
given  for  glycocyamine,  viz. : 

TTN_P^OC*H*  TTW— P/NH« 

n  JN — ^^NH-C«H*— CO«H  ^^  ~^  V.NH—  C«H*— CO«H 

Basic  componnd.  BenzglycofTaxnine. 

•  This  base  was  orifdnally  repTesentod  l^  the  formula  O^H'^^O*,  which  differa  fram  ttedortie 
of  the  now  formula  0"H"N'0*  only  by  SH^.  Its  oonveraion  into  nramidobensolc  niid.  CVS^ 
by  the  action  of  alkalis  was  formerly  represented  by  the  equation :  * 

C«»H"N*0»  m  2C"H"N*0"  +  2C"H»0  +  H«0. 
According  to  the  new  loTiiv\x\a  V\i  \&  -ragnaenUd  b^  the  ec^aation : 
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MetlijrUbeiisgljreooyamlnes  or  Beiiaorefttlae««  G*H"N*0*«=C*H'(CH«)N*0< 
(Griess,  Deut,  Chem.  Ges,  Ber,  viii.  324).  Two  isomeric  bodies  having  this  composi- 
tion are  obtained :  (a)  By  the  action  of  methyl  iodide  on  benzglycocyamme,  the  change 
consisting  in  the  snbstitation  of  methyl  for  hydrogen  in  Uie  group  NH : 

C«H«=CH— NH.O«  C«H*=CH— N(CH«).0« 

C=NH  +  CH»I  =  HI  +  C=NH 

NH«  W 

or 

HN=C<^r^='-CO'=    +  COT  =  HI  +  HN=C<^^H')-<^*-CO^ 

/3.  By  the  action  of  methylamine  on  the  compound  CH'^NK)*,  the  change  con- 
sisting in  the  substitution  of  methylamidogen,  N(OH'.H),  for  ethozyl : 

C«H*=CH— NH.O«  0«H*=CH— NH.O« 

C=2fH  +  HN(OH».H)  =  HOC«H»  +  C=NH 

6cm*  N(OH»Ji) 

or 

HN=C<N^'H'-CO'H  ^  HN(CH«.H)  -  HOCH*  +  HN=C<^^^*-CO'H 

a-Benscreaiine  is  sUghtly  soluble  in  water,  firom  which  it  separates  in  small 
flat  needles,  containing  1|  H*0,  which  can  be  driven  off  at  116^.  It  is  very  slightly 
soluble  in  alcohol  or  etiier,  and  has  a  bitter  taste.  With  potash,  it  behaves  like 
benzglycocyamine,  excepting  that  it  dissolves  only  in  the  somewhat  concentrated 
ley. 

The  kydrooldorids,  G»H"N'0'Ji01  +  H<0,  forms  white  rhombic  leaflets  easily 
soluble  in  hot  water,  and  Xht  viaHmm  salt,  (G>H"N'0>.HCl)KPta« -h  2H*0,  forms 
orange-red  prisms,  which  are  to&rably  soluble  in  hot  water. 

fi'Bengoreaiine  is  moderately  soluble  in  hot  water,  and  separates  in  thin 
plates,  which  are  triangular,  elliptical  (elongated),  or  hexagonal,  its  remaining  pro- 
perties being  similar  to  those  of  the  a-compound.  The  hydrodUoride,  CH^N'O^Hd, 
forms  white  prisms,  which  are  easily  soluble  in  water,  but  less  soluble  in  hydrochloric 
acid.  The  platinum  mU,  (G"H"N"0'.Ha)'Pta«  +  2IP0,  forms  yeUow,  easily  soluble 
leaflets. 

a-Benzcreatine,  boiled  with  bar^-water,  splits  up  into  methylamidobenzoic  acid 
and  urea,  whereas  /S-benscreatine  yields  amidobenzoic  acid  and  methyl-urea : 

(rH».NOH».0» 


CN] 


fH         +  H«0  -  CON«H*  +   C»H»(NOH».H)0« 

Nfl* 
a<Benacreatine.  Urra.  MethylMnidooenimc 

add. 
(Bennaroosine.) 
C»H».N(CH»).0» 


CN] 


[H      +   H«0  -  CON«H«(CH»)  +  CH«(NH«)0« 

NH« 
^-BeDicrca,tine.  Methyl-nrea.  Axuldobensolo 

add. 

The  ureas  formed  in  these  reactions  are  of  course  not  actually  separated  out,  but 
are  resolved,  by  assumption  of  water,  the  flrst  into  1  mol.  CO'  and  2  mol.  NH',  the 
second  into  C0«,  NH»,  and  NH«(CH«). 

Methylamidobenzoic  add  (benzsarcosine)  crystallises  in  nodular  groups  of  reddish 
leaflets  moderately  soluble  in  hot  water.  Its  hydroehlorids,  C'H*(NCH*.H)0*.HC1, 
fbrms  shining  six-sided  leaflets,  and  its  aqueous  solution,  treated  with  potassium 
nitrite,  yields  white  needles  of  nitrotomethylamidoheneoic  acid,  C'H\N.CH'.NO)0'. 

0RB080TB  and  OXBOSOXta  The  properties  of  English  and  German  wood 
creosote  have  been  examined  by  J.  Williams  (Chsm.  CetUr,  1873,  167).  English 
creosote,  prepared  from  Stockholm  tar,  began  to  boil  at  100°  ;  the  thermometer  rose 
quickly  to  213°,  when  6  per  cent,  distilled,  then  to  216°,  when  34  per  cent,  passed o^«c  \ 
34  per  cent,  distilled  up  to  222°,  and  16  per  cent.  iipto2^\^,w\kW\Xi«t^Ti^\\A«t\Ak 
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a  much  higher  boiling  point.  German  creosote  from  beech-wood  begin  to  boil  at 
200°,  40  per  cent  passing  over  below  203°,  32  per  cent,  np  to  210°,  and  16  per  eent  «p 
to  220°  ;  it  was  soluble  in  glycerin,  whilst  the  English  creosote  was  not. 

According  to  Hofmann  {Deut.  Chem.  Gts.  Ber,  viii.  66),  the  high- boiling  poitioo  of 
beech-wood  creosote  contains  a  liquid  boiling  at  270°.  Treated  with  potaaivm  di- 
chromate  it  yields  coerulignone  and  a  compound  crystallising  in  long  yellow  needW 
The  latter  body  is  the  oxidation-product  of  an  oily  liquid  boiling  at  285°,  which  atj 
be  obtained  pure  by  fractional  distillation  and  repeated  recrystalliaation  of  ita  sodhoi- 
salt.  It  has  the  composition  C*^H*"0*,  and  the  yellow  body  ia  a  quinooe  eonsiitii^ 
of  C'H'O^  Reducing  agents  convert  it  into  the  phenol  C*H^*0^  crystallising  in  whits 
needles.  Bromine  changes  the  quinone  into  G'H'Br^\  forming  brilliant  rwlayitals 
melting  at  175°. 

Khenish  beech-tar  creosote  was  shown  by  Marasse  to  be  separable  by  finetionsl 
distillation,  into  three  portions,  boiling  respectively  at  184^,  between  200°  and  209°, 
and  between  217°  and  220°  {Ut  Suppl,  504).  The  portion  boiling  at  184°  solidi&s 
on  cooling,  and  consists  mainly  of  pnenol,  the  fraction  boiling  at  200°-203°,  is « 
mixture  of  guaiacol  or  homopyrocatechin,  C'H"0^  and  a  cresol,  the  methjlie 
ether  of  which  is  converted  by  oxidation  into  anisic  acid :  therefore  paracresoL 

The  third  portion,  boiling  at  about  220°,  consists  of  phlorol,  OH'^O,  md 
creosol,  O'H'^'O*,  together  with  small  quantities  of  the  substances  found  in  the 
lower  fractions.  This  portion  has  been  further  examined  by  Tiemann  a.  Ifendebohn 
{Deut.  Chem,  Ges.  Ber,  viii.  1136). 

The  portion  of  the  creosote  boiling  between  200°  and  230°  was  dissolved  in  ethff, 
and  the  ethereal  solution  shaken  for  some  time  with  moderately  strong  potash-ler. 
The  ethereal  layer  containing  the  neutral  oils  (anisolio  compounds)  was  separsted 
by  a  tap-funnel  from  the  alkaline  solution ;  the  latter  again  shaken  with  ether  to 
remove  traces  of  suspended  impurities,  then  acidulated  with  sulphuric  acid ;  and  the 
precipitated  oil  was  dissolved  up  by  ether.  The  ether  was  then  distilled  off,  and  the  oil? 
residue  subjected  to  fractional  distillation,  whereby  it  was  resolved  into  two  prindptl 
portions,  one  boiling  between  195°  and  212°,  the  other  between  217°  end  226°.  The 
former  contained  guaiacol  and  cresol ;  the  latter  creosol  and  phloroL 

The  phlorol  appears  to  consist  of  para-ethylphenol,  C'.OH.H.H.CW.H*,  in- 
asmuch as  a  compound  having  the  same  composition  and  boiling  at  the  same  temper* 

ature  (220°)  is  produced  from  phloretic  acid,  C*H**xo«]B[*f  CO*HV  ^^^»  ^  "Jwira  ^ 

Komer  a.  Gorbetta  (Mbnit.  scient.  1875,  650),  is  convertible,  by  methylisation  and 
subsequent  oxidation,  into  anisic  acid.  This  conclusion  has  not*  however,  been 
directly  confirmed  by  experiments  on  the  phlorol  of  creosote. 

To  determine  the  constitution  of  the  creosol,  the  mixture  of  that  substance  sad 
phlorol  (b.p.  217°-226°)  was  dissolved  in  alcohol ;  the  solution  heated  on  the  wata«- 
bath  with  a  slight  excess  of  potash  till  it  began  to  crystallise ;  and  the  mass  whoi 
cool  was  strongly  pressed  between  bibulous  paper.  The  crude  potassium-ereowl  thu 
obtained  was  dissolved  in  methyl  alcohol,  and  boiled  in  a  reflux  apparatus  for  two  or 
three  hours  with  excess  of  methyl  iodide ;  the  unattacked  methyl  iodide  and  the 
greater  part  of  the  methyl  alcohol  were  then  driven  off;  the  residue  mixed  with 
water  which  separated  a  heavy  oil;  and  this  oil,  after  being  several  times  shakon np 
with  dilute  potash  to  remove  unaltered  phenols,  was  subjected  to  fractional  distiOi- 
tion,  the  groiter  part  going  over  between  214°  and  218°. 

The  compound  thus  isolated  is  nearly  pure  methyl-creosol,   C^WO',  or 

dimethyl-homopyrocatechin,  0«H»(0H«)2<;^Qjp.    When  heated  with  a  dilute  fiohtioa 

of  potassium  permanganate,  it  is  converted  into  dimethylprotocatechuic  aeid 
(p.  290) :  consequently  the  creosol  of  wood-tar  consists  ofmethylated  homopyro- 

catechin  or  homoguaiacol,  C*H*(CH*)^q2ct,. 

The  portion  of  wood-tar  creosote  which  is  insoluble  in  potash,  consists  mainly  of 
methyl-creosol. 

The  phenolic  compounds  of  wood-tar  creosote  (soluble  in  potash)  when  mi-rf^  in 
alcoholic  solution  vrita  ferric  chloride,  exhibit  characteristic  and  mostly  green  eolous, 
whereas  the  anisolic  compounds  (insoluble  in  potash  unless  hiehly  concentrated),  radi 
as  methyl-guaiacol  and  methyl-creosol,  do  not  exhibit  this  coloraUon.  This  resetioB 
serves  therefore  to  show  when  the  phenols  have  been  completely  converted  into  tht 
corresponding  ethers. 

Distinction  between  Creosote  and  Phenol. — On  adding  an  alcoholic aoh- 
lion  of  ferric  chloride  to  an  alcoholic  solution  of  creosote,  a  dark  greenish-blue  eolou 
is  produced,  whereas  'pYieiuo\  bytdJlVsvtV^  \.t^&\^  «e»\xt£i&%  TOi:^  ^\\^t  htc^wu.  QoUrar.  flr 
this  reaction  I  part  oi  cr«ows\ft  m-Kj  wiaW^  >Qfe  ^^kXwsXs^VoL  ^^  ^^«n^%  ^  ^«$QS6b^  v 
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small  quantity  of  phenol  in  creosote  cannot  be  detected  in  this  manner,  bat  its  presence 
may  be  recognised  by  boiling  a  few  drops  of  the  creosote  with  excess  of  nitric  acid  as 
long  as  red  &mes  are  given  off,  and  mixing  the  resulting  solution  with  potash-ley. 
The  formation  of  a  yellow  crystalline  precipitate  indicates  the  presence  of  phenol, 
wrhich  by  this  treatment  is  converted  into  picric  acid«  whereas  creosote  produces  nothing 
but  oxalic  acid  (J.  A.  Clark,  Pharm,  /.  Trans,  [3],  iii.  1037). 

The  presence  of  phenol  in  creosote  may  also  be  detected  by  heatixig  the  liauid 
with  one-fourth  of  its  volume  of  ammonia,  pouring  it  into  a  liurge  bssin  in  sucn  a 
manner  as  to  wet  the  sides  as  much  as  possible,  then  pouring  it  out  and  holding  over 
the  basin  a  vessel  containing  bromine,  so  that  the  vapour  of  the  bromine,  as  it  falls, 
may  come  in  contact  with  the  drops  of  liquid  running  down  the  sides  of  the  basin. 
The  presence  of  phenol  will  then  be  exhibited  by  blue  zones  forming  round  the  points 
of  contact  (Fluckiger,  Arch,  Pharm,  [3],  iii.  30). 

The  following  comparison  of  the  reactions  of  creosote  and  phenol  is  given  by  A. 
Watzel  {Arch,  Pharm.  [3],  x.  130) : 


Ferric  chloride  (1  in  10) 

Ferric  acetate  (1  in  10) 

Ferric  sulphate  (1  in  20) 

Load  nitrate  (1  in  10) 
Zinc  chloride  (1  in  10) 
Lead  acetate  (1  in  10) 


Beech-wood  tar 
Creoeote 


Blue  coloration, 
turning  first  brown 
and  then  orange. 

Brown  coloration, 
with  a  violet  tinge. 
Finalljr  a  brown 
precipitate. 

^luo,  with  a  tinge 
of  violet,  and  lastly 
a  brown  precipi- 
tate. 

No  change. 

White  precipitate, 
Holublo  in  excess. 

White  precipitate, 
soluble  in  excess. 


Pbmol 


Permanent     violet 
coloration. 


Light  brown  colour. 


Permanent     violet 
coloration. 


Cloudy,  and  lastly 

slight  precijpitate. 

Slight    precipitate, 

insoluble  in  excess. 

Slight    precipitate, 

insoluble  in  excess. 


Mannn's  Bngliflh 
Wood-tatf  Creotote 


Blue       coloration, 
tumingolive-green 
and  then  dirty  yel- 
low. 
Light  brown  colour. 


Grass-green  colour, 
and  lastly,  a  yellow 
precipitate. 

Like  carbolic  acid. 

Like  carbolic  acid. 

White  precipitate, 
partly  soluble  in 
excess. 


Whon  these  bodies  were  dissolved  in  ten  times  their  weight  of  alcohol,  their 
reactions  were — 


Aqueous  ferric  chloride 
(1  in  10). 


Blue        coloration, 
turning  green. 

With  the  concentrated  substances,  the  reactions  were — 

Alcoholic  ferric  chloride!  Dirty  violet.  |  Yellow-green,  turn 

ing  brown. 


Violet     coloration,  I  Green     coloration, 
turning  green.        I  turning  a  fine  blue. 


Green, 
brown. 


turning 


Pure  guaiacol  and  creosol  behave  in  the  same  manner  as  boeehwood-tar  creosote. 

CKaso&,  CH»0«=C«H<<^g*.  The  following  tabular  statement  of  the  pro- 
perties of  the  three  isomeric  cresols  and  some  of  their  derivatives  is  given  by  Oppen- 
heim  a.  Pfaff  (Deut,  Chein  Gcs,  Bet,  viii.  888).  See  also  Ist  Suppl,  505 ;  2nd  Suppl, 
893,  931  :— 
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Creaol(')    . 

Ortho  (1 : 3) 

Meta  (1 : 8) 

Fua(l:4)          ! 

• 

M.  31*'-81-6*' («) 
B.  186''-1860  («) 

M.         — 

B.  194<>-200®  («) 

M.        ZtP 
B.        198**  («) 

Grd8otic  acid 

M.  168^-164°  («) 
B.         — 

M.  168^-174«>  (») 
B.          -        (•) 

M.  147*'-1W^  (•) 
B.         — 

Methyl  cresolate . 

M.         — 
B.     174*  (•) 

M.         — 
B.         — 

M.         —             1 
B.       1740(0 

Ethyl  cresolate    . 

M.         — 
B.         — 

M.        — 

B.  188°~191*>  («) 

M.         — 

B.  1860-188^  («) 

Methyloxybenzoic 
acid 

M.  98-6*'  (■) 
B.         — 

M.    95«>  (?)(•) 
B.         — 

M.  188-5o«i8do     ; 
B.          -      (-) 

Ethyloxybenzoic 
acid 

M.  19-6*»C') 
B.         •— 

M.     137^  (»^ 
B. 

M.       195^  (»») 
B.          —              ' 

Oxybenzoic  add  . 

M.  166°-166<>  (»«) 
B.         — 

M.    200°('*) 
B.         — 

M.       210'' 
B. 

Metacresol  is  formed :  a.  Together  with  carpone,  C*H*^  by  the  dry  di«tillatioii 
of  podocarpic  acid  or  its  caldnm  salt : 

0HH44O*  =  2C'H«0  +   20»H"  +  2C0«. 

By  heating  the  dehydrated  calcium  salt  in  short-combustion  tubes,  a  tany  liquid  ii 
obtained,  which,  when  distilled  with  small  quantities  of  water  as  long  as  oily  drapt 
pass  over,  yields  first  a  mobile  liquid  (carpene)  lighter  than  water,  then  a  thi^cr 
liquid  (metacresol),  heavier  than  wat^r,  and  soluble  in  alkalis,  while  the  greater  put 
of  the  tar  remains  in  the  residue.  The  carpene  and  cresol  are  finally  aeparated  \n 
means  of  potash-solution.  The  cresol  thus  obtained  boilF  at  202°;  ite  bensoji- 
derivative  melts  at  68°. 

/S.  By  distillation  of  the  barium  or  calcium  salt  of  the  oxyavitic  acid,  CHH)*, 
obtained  by  the  action  of  chloroform  on  sodacetic  ether  (p.  17) : 

C-H^O*  =  C'H'O  +   2C0«. 

The  cresol  thus  obtained  boils  at  201° ;  the  cresotic  add  obtained  from  it  melts  at 
177°;  the  methylic  ether  boils  at  1760-176®;  the  ethylic  ether  at  1910-192® ;  the 
corresponding  methyl-oxybenzoic  add  melts  at  106o~107o  ;  the  ethylozybensoie  add 
at  1370  ;  the  oxybenzoic  acid  at  20 1®.  These  properties  agree  very  nearly  with  those 
of  the  meta-cresol  derivatives  in  the  preceding  table. 

According  to  Ihle  {J.  pr,  Chem,  [2],  xiv.  442)  metacresol  oocurs  in  the  crude  ootl- 
tar  creosol  known  in  commerce  as  '  high-boiling  phenol,'  or  '  cresylic  acid,*  which  ain 
contains  phenol  and  naphthalene.  He  purifies  this  crude  liquid  by  dissolving  it  in 
dilute  soda-ley,  passing  steam  into  the  solution  to  remove  the  naphthalene,  ajMi  thea 
agitating  it  witn  baryta-water,  which  dissolves  the  phenol  more  readily  than  the 
crosols.  By  treating  the  mixture  of  cresols  thus  separated  with  sodium  and  carton 
dioxide,  he  obtains  two  cresotic  acids  melting  respectively  at  1 73°  and  ]  IdO-lSO" 
(p.  584),  from  which  he  infers  that  the  cresol  in  question  was  a  mixture  of  meta-  and 
ortho-cresols.  If  so,  it  must  be  different  from  all  the  coal-tar  cresols  hitherto  examiiMd, 
which  are  mixtures  of  ortho-  and  para-creeol  (2nd  Suppl,  893,  921). 

In  preparing  the  cresols -from  the  corresponding  toluidines  (Ut  Suppl.  606),  lUi 
obtained  from  solid  para-toluidine,  50  per  cent,  cresol,  whereas  liquid  ortho-tdluidio* 
yielded  only  22  per  cent,  cresol. 

Vitro-  and  iLmido-oreaole.  Paracresol  yields  by  nitration  orthonitro- 
paracrosol,  C«.0H.N0«.H.CH«.H2,— identical  with  that  which  Wagner  obtained 

(')  M.  Bignifloe  melting  point ;  B.  boiling  point,    ('}  Kckuld  (Bfr,  viL  1006).    C)  EngeDwiia. 

Lateohinoff  (BuU.  Soc.  CMm.  [S],  ziU.  256.    («)  Fuchs  (iMd.  809).    (*)  Biedcrmaim  a.  Pfke  (&r.  vi. 

828).    (•)  Kbrner  (Bull.  Acad.  rof.  de  Belgtque  [3],  xziv.  154).    Q  Oannisxaro  a.  Karoer  (Oau. 

cfiim,  ittU,  ii.  66).    C)  Qraebe  iUOiQ^i  Annalm,  cxxxix.  134).    Q  Graebe  a.  Schnlicr  (iMAedH. 

WO)  ;  Ktener  (BuW.  Acad,  B«lo.  W,xxiy.  \W>\  Ove«n!Mtai  *«  tfafi  (,Ber,  vlH.  890).    (") 

«41).    (*«)  Bnrth  (ibid.  ciix.  2'm^ 
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£rom  orthonitro-paratolnidine  (2nd  Svppl,  988) — and  conTertible  by  f\iither  treatment 
with  nitric  acid  into  dinitroparacresol,  by  bromine  or  iodine  into  monobrom- 
or  moniodo-nitroparacresol.  Fotasgium  bromoparacresolfliildbonate  is  con- 
certed by  nitric  acid  into  bromonitroparacresol  (iormstrong  a.  Thorpe,  Bep.  Br, 
JLuoe,  1876,  112). 

A  red  iK>wder,  called  *  saffiron  surrogate/  which  is  need  for  dyeing  bntter  and 
cheese,  consists  of  the  potassium  salts  of  two  dinitrocresols.  One  of  them  is  the 
known  compound  melting  at  84^  {2nd  Sumpl,  032),  and  fonnd  in  commerce  as  '  gold- 
^Uow.*  Ijie  second  compound  is  also  a  dinitrocresol,  which  crystallises  from  alcohol 
m  lazge  yellow  needles  melting  at  86^,  and  difiers  from  the  preceding  by  forming 
yellow  and  not  red  salts,  resembling  in  that  respect  the  dinitrocresol  called  *  Victoria 
yellow'  {Iti  Shtppl.  608),  which,  however,  melts  at  110^  (Ficcard,  Ber.  yiii.  166 ;  see 
also  Wichelhaos,  Und,  vii.  721\ 

By  treating  oxyuviiio  acia  with  faming  nitric  add,  either  alone  or  mixed  with 
sulphoric  add,  a  trinitrocresol  is  obtained  which  may  be  purified  b^  immersing 
the  product  in  water,  dissolving  the  separated  mass  in  potash-le^,  predpitating  with 
hydrochloric  add,  and  recrystallising  frt>m  alcohol.  It  ciystallises  in  fan-shaped  groups 
of  smooth  yellowish  needles,  melting  at  106°.  Its  potassium  salt  has  an  orange-red 
ccdour  and  is  much  more  soluble  than  the  picrate.  Nearly  the  same  properties  are 
exhibited  bpr  the  trinitrocresol  which  Liebermann  a.  van  JDorp  obtained  by  heating 
nitxoooccusic  add  with  water  or  with  fruning  hydrochloric  acid  {2nd  8uppl,  367). 

Dinitramidocresol,  C>H(CH«XOH)(NH«)(NO»)«,  is  formed  by  the  action  of 
hydrogen  sulphide  on  an  alcoholic  solution  of  the  trinitrocresol  from  oxyuvitic  acid, 
and  crystallises  from  hot  water  in  thin,  highly  lustrous,  amber-yellow  needles ;  dis- 
solves in  alkalis  but  not  in  adds ;  melts  at  166°,  and  decomposes  at'a  slightly  higher 
temperature.  By  passing  nitrous  add  into  its  alcoholic  solution,  dinitrodiazamido- 
dinitrocresol, 

0«H.OH».OH.(NO^=N— NH.C«H.OH».OH.(NO»)», 

is  obtained,  crystallidng  in  golden-yellow  laminsB  which  decompose  at  about  160° 
with  violent  explosion  (Emmerling  a.  Oppenheim,  Ber.  ix.  1094). 

OKBBOZiBVXiFBOVIO  AOIB8,  CrH"SO«  -  G*H'(OH')(OH)(SO*H).  On  the 
formation  of  these  compounds  from  the  diazotoluenesulphonic  adds,  and  the  properties 
and  reactions  of  the  acids  thus  obtained,  see  2nd  8iq>pl,  932-934).  Annstrong  a. 
Field  {Chem.  News,  xxviL  318),  by  heating  crude  coal-tar  cresol  (b.  p.  190°-206°)  on 
the  water-bath  for  several  honni  with  an  equal  weight  of  sulphuric  add,  treating  the 
product  with  potash,  and  recrystallising,  have  obtamed  the  potassium  salts  of  throe 
cresolsulphonic  adds,  the  least  soluble  of  which,  crystallising  with  2H'0,  is  probably 
identical  with  that  of  Engelhiurdt  a.  LatschinofiTs  paracresolsulphonic  add  ^Is^  Suppl, 
606).  Of  the  two  others,  which  are  both  very  soluble  in  water,  one  contams  1  mol. 
water  of  crystallisation,  while  the  other  is  anhydrous.  By  heating  these  potassium 
salts  in  sealed  tubes  with  hydrochloric  aci  J,  the  presence  of  two  of  the  three 
known  cresols  was  established,  that  of  the  third  being  doubtful. 

The  three  potassium  salts  treated  with  niirio  acid  are  easily  converted  into  the 
salts  of  the  corresponding  mononitrocresolsulphonic  acids,  from  which,  by 
treatment  with  bramine,  the  dibromonitrocresols  may  be  obtained.  By  heating 
the  nitro-salt  prepared  from  potassium  paracresolsulphonate  with  nitric  acid,  a  red 
dinitrocresol  is  obtained,  which  melts  at  1 82°.  From  the  potassium  cresdsulphonate 
containing  1  mol.  HK),  may  be  obtained  in  like  manner  an  isomeric  dinitrocresol, 
mdting  at  86'6°,  and  forming  characteristic  potassium  and  silver  salts  of  darkorange- 
jrellow  colour.  The  third  nitrosulphonate  did  not  yield  a  dinitrocresol,  but  by  treating 
it  with  potassium  nitrate  and  sulphuric  add,  a  well-crvstallised  potassium  dimtro- 
oresdlsutphonate  was  obtained,  convertible  into  bromodinitrocresoL 

CniBSOTZO  AOZB8,  C>H*0* »  0'H*(CH*)<^qq^.  Oxytoluie  acids  (Ihle, 
J,  pr,  Chem,  [2],  xiv.  442). — Sodium-cresol,  heated  in  a  stream  of  carbon  dioxide, 

reacts  like  sodium-phenol,  yielding  cresotic  add,  while  half  of  the  cresol  distils  over 
unaltered. 

Fure  paracresol,  prepared  from  paratoluidine,  yields  a-cresotic  add  melting  at 
148°.  The  eihylic  ether,  0»H»(CH»)(OH)(CO«0«H»),  prepared  by  passing  hydrogen 
chloride  into  the  alcoholic  solution  of  this  acid,  is  a  colourless  fragrant  liquid,  which 
may  be  distilled  with  aqueous  vapour,  but  decomposes  when  distilled  alone.  The 
msthylie  ether,  C*H*(OH*XOHXCO''CH'^  obtained  bv  boiling  1  pt  of  the  acid  with 
1  pt.  sulphuric  add  and  2  pts.  methyl  alcohol,  distils  undecomposed  with  vapour  of 
VBtar,  and  has  an  odour  nnoistinguishable  from  that  ol  w\iitAi-g;c««ii  oA. 

Pure  ortbocreaol  (prepared  from  orthotoluldlne')  yields,  frYi^ii  SXa^ctj  Vs^kwro^ 
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sodium-compound  is  treated  with  carbon  dioxide,  iS-cresoticacid  melting  at  159^-16U^ 
The  methylic  ether  of  this  acid  is  very  much  like  that  of  the  a-acid. 

By  tho  action  of  sodium  and  carbon  dioxide  on  porified  coal-tar  cratol  (p.  682X 
Ihle  obtained  a  mixture  of  salts,  which,  by  fractional  precipitation  with  hydroehlorie 
acid,  yielded  first  y-cresotic  acid,  melting  at  173*4^,  and  afterwards  an  acid  meltiBg 
between  116°  and  120°,  which  he  regarded  as  identical  with  the  add  (m.  p.  114') 
obtained  by  Engelhardt  a.  Latschinoff  from  ortho-cresol  (2n^  Suppl,  394^  Keknl^ 
however,  has  shown  {Deut.  Chem,  Ges.  Ber,  vii.  1006)  that  the  eresotic  aeid  prenued 
from  orUiocresol  melts  at  a  much  higher  temperature,  viz.  at  163^-164^  (see  Tkble 
p.  682);  the  lower  boiling  acid  must  therefore  be  one  of  the  other  ten  possiUs 
modifications. 

All  these  cresotic  acids,  in  their  external  appearance,  reaction  with  ferric  dikoide, 
solubility  in  chloroform,  &c.,  are  deceptively  like  enlicylic  acid;  but  theydifiEergratlj 
from  the  latter  in  the  behaviour  of  their  potassium  salts  when  heated ;  for  wbereu 
salicylic  acid  thus  treated  yields  paraoxybenzoic  add  (p.  286),  not  one  of  the  eresotie 
acids  is  converted  under  similar  drcumstances  into  any  add  different  from  iteeli^— 
except  cresotic  acid  (m.  p.  169°),  which,  when  heated,  yields  two  new  adds  not  jet 
examined.  In  like  manner  when  cresol  is  treated  with  carbon  dioxide  and  potaanua, 
or  when  potassium-cresolate  is  heated  in  a  stream  of  carbon  dioxide,  the  only  prodad 
obtained  is  cresotic  acid  (Ihle). 

Crude  cresotic  acid  (mixture  of  the  a,  /3,  and  y  acids)  acts  antisepiically  lib 
salicylic  acid  (Kolbe,  J,  pr.  Chem.  [2],  xi.  9). 

CSaSB  OZZiB.  Glarden-cress  (Lepidium  saiivum)  distilled  with  steam  prieldi  • 
volatile  aromatic  oil  which  does  not  separate  spontaneously  from  the  watery  distillate, 
but  may  be  extracted  therefrom  by  agitation  with  benzene.  Three-fourths  of  the 
crude  product  boiled  at  226*5'',  exhibited  the  composition  of  pure  a-toluonitril«  pheoTl* 
acetomtril,  or  phenyl-methyl  cyanide,  OH^.CH^CN,  and  when  heated  to  200^  kr  % 
short  time  with  hydrochloric  acid,  yielded  phenyl-acetic  add.  The  same  oompositaQB 
is  exhibited  by  the  volatile  oil  of  Tropaolum  majua  (A.  W.  Hofiomnn,  JMui,  C%aL 
Ges.  Ber,  vii.  1293). 

Water-cress  (Nasturtium  officinale)  yields  by  similar  treatment  an  oil  which  msj 
be  separated  from  the  watery  ^stillate  by  agitation  with  the  most  volatile  portion  it 
the  so-called  petroleum-ether,  this  solvent  being  afterwards  evaporated  off  in  a 
parafi&n-bath  at  140^.  By  fractional  distillation  of  the  remaining  liquid,  an  oil  wis 
obtained,  boiling  at  253-5''  (261°  corr.),  and  having  a  sp.  gr.  of  1'0014  at  18^  TUi 
oil  was  found  by  analysis  to  have  the  composition  of  phenyl-propionitril, 
CH'.CH^.CH'.CN ;  and  on  fusing  it  with  potash,  decomposing  the  resulting  potaaiini 
salt  with  hydrochloric  acid,  and  extracting  with  ether,  phenyl -prop  ionic  aeid 
was  obtained  in  long  needles  melting  at  47^  (Hofmann,  ibtd.  620). 

C&SSTXt-BV&FBVBZC  ACZB,  C'HOO'^C^HV;;]^^,^  (E.Banmann,2)M. 

Chem,  Ges,  Ber,  ix.  1389,  1715).  This  acid,  metamerie  with  cresol-snlphonie  aeid 
(p.  583),  occurs,  together  with  phenyl-sulphuric  acid,  (C'H'.O.SO*H)  in  the  urine  of 
the  horse.  Its  potassium  salt  may  be  prepared  synthetically  (like  the  ethyl-anlphito) 
by  heating  a  concentrated  solution  of  potassium  cresolate  with  potassium  pyrosiuphito 
and  crystallising  the  product  from  alcohol : 

C«H*(CH»).OK  +  SO*K«.SO"  =  SO*K«  +  C»H\CH»).0J30«K 

Potassium  cresylsulphate  is  sparingly  soluble  in  cold  alcohol,  more  soluble  in  hot 
alcohol  and  in  water,  but  less  so  than  the  phenyl-sulphate.  It  is  coloured  blue  bj 
ftrric  chloride  when  heated  therewith  in  a  sealed  tube  to  150^-160^. 


I,  NH^CS.NH(C»H').    Syn.  with  Pabaxolil- 

THIOCAEBAMIPB  (p.  397). 


Ea    On  pseudomorphs  of  quartz  after  croddolite,  see  Quabk 

Von  Kobell,  from  an  analysis  of  this  mineral  by  Stein- 
mann,  in  which  he  himself  determined  the  proportions  of  FeO  and  Fe'O*,  deduesdt 
formula,  which,  expressed  in  modern  notation,  is 

3(2FeO.SiO«)  +  2(Fe20».3H20)  or  3Fe^i6«  +  2(Fe«)''H«0« 

The  same  formula  has  l^en  deduced  by  Maskelyne  a.  Flight  {Chem.  8oc.  J,  1871, 9) 
from  the  analysis  of  a  Cornish  specimen.*  It  does  -not,  however,  agree  very  dose^ 
with  either  of  t\iQ  asioA^QeB  ^ust  mentioned,  as  the  following  comparison  w31 
show : 
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^.^  T.Kobell.                       Maakdyne  and  Flight.  Theory. 

SiO»  .  .  22-46  17-47            18-66               —  17-31 

Fe«0«  .  86-36  36-76            82-76               —  80*77 

FeO   .  .  2711  86-81            88&7            4213  4164 

MnO.  .  2-89              —                —                —  _ 

MgO.  .  6-08               —                 —                 _  _ 

OaO  .  .  —  0-09               —                 —  — 

HK)  .  .  10-70  1009              —                —  10-38 


108*68  100-72  10000 

Maakoljne  and  Flight  remark  that  the  discrepancies  between  the  qnantities  of 
the  iron  oxides  in  their  analyses  and  the  theoretical  numbers  may  perhaps  be  dae  to 
an  admlztore  of  some  iron  hydrate,  gothite  for  example,  whose  percentage  of  water 
eorresponds  with  that  of  constredtite. 

An  analysis  by  Janorsky  (Ikut.  Chem,  Ges,  Ber.  yiii.  980)  of  Pribram  cronstedtite 
in  well-defined  crystals  gave : — 

BiO*  Fe^  F«0  MnO  MgO  H*0 

21*80        82*34        29*28        1*26        4*61         11*90   -   100*68 

whence  he  deduces  the  formula : 

3E0.8iO* + E»0«.8iO»  +  4H«0  or  E'^SiO*  +   (E»)''SiO»  +  4H«0. 

cmOTAOOVIO  AOZB,  OH«0<  =  C«HXCOOH)«,  (Claus  a.  Ton  Wasowicz, 
Jkui.  Chem,  Ges.  Ber,  x.  822).  This  acid,  isomeric  with  citraconic,  itaconic,  and 
meBaoonic  adds,  is  formed,  together  with  tricarballylic  acid,  by  the  action  of  potas- 
sium cyanide  on  ethylic  chlorocrotonate,  which  may  be  so  conducted  as  to  lead 
merely  to  the  replacement  of  the  chlorine-atom  by  cyanogen.  On  supersaturating  the 
potassium  salt  of  the  resulting  cyanocrotonic  acid  with  hydrochloric  acid,  agitating 
with  ether,  and  learing  the  ether  to  evaporate,  there  remains  an  acid,  gradually  crys- 
tallising mass,  which,  when  purified  by  redissolution  in  ether,  is  found  to  consist  of 
ammonium  crotaconate.  The  formation  of  this  salt  from  cyanocrotonic  acid  is 
represented  by  the  equation : 

From  this  salt  the  pure  acid  may  be  obtained  by  supersaturation  with  sulphuric  acid 
and  agitation  with  ether.  It  is  rery  soluble  in  water,  and  has  hitherto  been  obtained 
only  in  indistinct  crystals  which  melt  at  119°.  Heated  above  130^,  it  decomposes 
with  evolution  of  carbon  dioxide,  and  production  of  crotonic  acid.  By  this  reaction, 
and  by  the  peculiar  properties  of  the  bromopyrotartaric  acid  produced  by  addition  of 
hydrogen  bromide  to  crotaconic  acid,  the  latter  is  shown  to  be  a  peculiar  modification 
of  the  molecule,  C^H*0^  distinct  from  the  three  pyrocitric  acids. 

OSCITOV  OZZh  VOXJkTZXJi  ACIBft  OF.  The  supposition  of  Goathor  a. 
Frohlich  {%iid  Suppl.  896),  that  the  tiglic  acid  which  they  found  in  croton  oil  is 
identical  with  Frankland  a.  Duppa's  methyl  crotonic  acid  (Is^  Suppl.  828),  has  been  con- 
firmed by  the  observations  of  Borendes  (Deut,  Chem,  Gea,  Ber.  x.  836).  Both  these 
acids  form  plates  having  a  peculiar  smell  like  that  of  gum  bensom,  molting  at  64^  and 
boiling  at  196^-197**.  The  calcium  salts  form  small,  foliated*  warty  masses,  contain- 
ing 8  mols.  of  water ;  the  barium  salts  are  similar,  but  contain  4  mols.  of  water.  The 
■ilTer  salts  are  white  crystalline  precipitates,  and  the  two  ethylic  ethers  boil  at  164°- 
166°.  By  fusion  with  potash  tne  acids  are  resolved  into  acetic  acid  and  propionic 
add.  Bromine  converts  them  into  a  dibromovaleric  (dibromomethvlethylacetic)  acid 
melting  at  82°-83° ;  and  hydriodic  acid  forms  moniodovaleric  acid  melting  at  86*6°. 
They  are  not  changed  by  the  action  of  sodium-amalgam  and  water,  but  on  heating 
them  with  hydriodic  add  and  phosphorus  to  160*^,  mothylethylacetic  acid  is  formed 
boiling  at  173°-176°,  and  yielding  an  amorphous  barium  salt. 

The  higher-lx>iling  portion  of  the  volatile  acids  of  croton  oil  contains  small  quan- 
tities of  higher  homologues,  one  of  which,  C*H'*0',  boiling  at  204°,  was  isolated.  Of 
volatile  fatty  adds  the  following  were  found :  formic,  acetic,  isobut^c,  and  common 
valerianic  (isopropylacetic).  The  calcium  salt  of  the  latter  forms  with  calcium  tiglate 
B  molecular  compound  djatallising  in  long  needles. 
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CSOTOVIC  ACZB,  C^H'O'^.    There  are  three  poBsLble  modhicaUuiis  of  tliii 
acid,  Tiz. : 

0H«  CH«  IPOy 


i 


II  >C— COOH 

H  CH  H«0^ 


k 


CH  CH« 

JOOH  COOH 

Grotonio.  iBocrotoiiio.  MethaarUc. 

The  existence  of  the  first  and  third  is  well  established ;  bnt  that  of  the 
(Geuther^s  quartenylic  acid),  formed  by  reduction  of  the  more  Tolatile  of  Uie  two 
monochlorocrotonic  adds  produced  by  the  action  of  phosphoms  pentachlorida  od  cthjl- 
diacetic  acid  (2nd  Suppl.  890)  has  been  doubted,  on  the  ground  that  wfaoi  heated 
with  potash,  it  should  yield  formic  and  propionic  acids,  whereas^  aoeardiig  to 
Geuther,  it  yields  nothing  but  acetic  acid,  and  therefore  should  be  identical  with  nlid 
crotonic  acid.  This  discrepancy  has,  however,  been  removed  by  the  obeervatioiii  of 
Hemilian  (lAeWs  Annalen^  dzziv.  322),  from  which  it  appears  that  iaocratonie  aeid 
is  converted  by  heat  into  solid  crotonic  acid.  This  transformation  takes  place  pw- 
tially  indeed  every  time  that  the  liquid  acid  is  distilled,  and  complete^  when  it  ii 
heated  for  a  quarter  of  an  hour  in  a  sealed  tube  to  170^-180^. 

The  simultaneous  formation  of  the  two  monochlorocrotonic  acids  by  the  action  of 
PCI*  on  ethylic  aceto-acetate  (cthyl-diacetic  acid)  is  represented  bj  Hemilian  m 
follows : 

CH«— CO— CH«— C00C«H»  +  2PC1»  =  CH»— CC1«— CH«— COa  +  0«H»01+2POa" 
Ethylio  Acetoaootata  Diohlorolmtyxyl  ohlacide. 

OEPjHj  CH»  CH«  CH« 

caicil        ccici:        ca  oci 

+     2HC1 


60.01        io.a         cooi        co.a 


laochlorocrotonyl    Chloroerotonyl 
chloride.  chloride. 

The  dotted  lines  indicate  the  two  molecules  of  HCl  eliminated. 

A  confirmation  of  the  symmetrical  formula  CH' — CHi=:CH~<X)^  for  solid 

crotonic  acid  is  a£forded  by  its  synthetical  formation  from  ethylic  o-monobromobutyrate : 

CH«.CH«.CHBr.C0«C«H»+2K0H  =  CH«.CH=CH.CO«K  +  C«H»OH+H«0+KBr. 

On  dropping  this  other  into  a  warm  alcoholic  solution  of  potash,  a  crotonie  add  ii 
obtained,  yielding,  between  176^  and  180^,  a  distillate  which,  after  repeated  fractkna- 
tion,  boils  at  180° — 182°,  and  solidifies  in  the  cold.  The  crystals  purified  by  pra- 
sure,  two  ciystallisations  from  water,  and  drying  over  sulphuric  acid,  melt  at  71^-72^, 
and  the  lead  salt  crystallises  by  spontaneous  evaporation  in  stellate  groups  of  shiniBg 
needles,  as  observed  by  Claus  (Ist  Suppl.  510).  In  addition  to  the  crotonie  add  dun 
is  formed  in  this  reaction  a  small  quantity  of  an  oily  non-solidihring  acid,  wUeh 
boils  at  212^-220°,  and  appears  to  consist  of  a-othylozybutjric  aeid, 
CH».CH».CH(OC«H»).CO»H  (Hell  a.  Lauber,  Dent,  Chem,  Ges.  Ber,  vii.  660). 

The  correctness  of  the  symmetrical  formula  for  solid  crotonic  add  is  further  eoa- 
firmed  by  the  &ct  that  it  is  capable  of  being  converted  into  butyric  denTativM  loth 
of  the  a  and  the  /3  series,  viz. : 

CH»— CH«— CHR-CO«H  CH»— CHE— CH«— CO«H ; 

a  /3 

whereas  an  acid  of  the  constitution,  CH^'zziCH — CH' — CO'H,  could  yield  only  ^-d«i- 
vatives,  and  y-derivatives  of  the  form  CH'K— CH>— CH<— CO*H,  but  no  ••doiia- 
tives. 

When  crotonic  acid  is  hoatod  on  a  water-bath  with  fuming  hydriodio  add,  it  melts 
to  a  yellow  liquid,  which  on  cooling  deposits  large  rhombic  crystala  of  iodobntyrie 
acid.  These,  when  boiled  with  potash,  aro  converted  into  oxybutyric  aeid;  and 
on  converting  this  add  into  a  zinc  salt,  and  gradually  adding  alcohol  to  the  eolutiQii, 
the  zinc  salt  of  a-oxybutyric  acid,  (C^H'O')^n  +  2H'0,  crystallises  out  firrt*  and  the 
last  mother-liquors  yield  the  iS-oxybutyrate,  (C*H'0')^n,  as  an  amorphous  yandih. 
In  like  manner,  by  tceatVng  cxoXoma  «ycv^  Vi\k  \x'<j6sQkVitcRs\!kfi.  «cid^  a  mixture  of  ••  aad 
/8-bromobutyric  acVda  \b  o\yta^ii«Qi,'v^».«^,\s^  \«^Ti!^  "^>(Ja.  vs^K^nixiQask.  ^s^-^tti^ 
converted  into  the  cortospondKtvg  ftw\'!g\\o\>"vjL\,'ST\t  -a.^W^  V^^tsfiaaa^^loc,  «»X>v 
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Aocoiding  to  Albert!  ^DeiU.  Chem.  Ges,  Ber,  iz.  11^4),  both  erotonic  and  isocro- 
tonic  acid  dissolve  yerj  quickly  in  fuming  hydrobromic  or  hydriodic  add,  and  the  solu- 
tion, after  standing  tor  some  hours  at  ordinary  temperatures,  or  at  0^,  deposits 
snbrtituted  butyric  acids.  Crotonic  acid  yields  vith  hydriodic  acid,  as  found  by 
Hemilian,  two  isomeric  iodobutyric  acids,  one  of  which  forms  fine  crystals  melting  at 
110^;  and  with  hydzobromic  acid,  permanently  IJQuid  products.  Isocrotonic  add 
yields  liquid  products  with  both  the  haloi'd  adds.  The  formation  of  oigrbutyric  acids 
Dy  the  action  of  alkalis  on  the  addition-products  of  czotonio  add  is  selaom  complete, 
because  these  addition-products  are  to  a  great  extent  reconrerted  into  crotonic  add 
even  by  boiling  with  water.  The  product  formed  by  addition  of  HBr  to  isocro- 
tonic add  jieLoB,  when  treated  in  the  manner  described  by  Hemilian,  a  well  crystal- 
lised zinc  salt  of  crotonic  acid,  (C*H*0<)*Zn  +  2IP0,  but  no  orjrbutyrate.  The  trans- 
formation of  isocrotonic  add  into  crotonic  add  is  also  effected  by  the  action  of  heat 
alone,  as  observed  by  Hemilian,  but  it  is  never  complete.  By  the  action  of  sodium- 
mnaiaam  the  addition-products  of  crotonic  and  isocrotonic  acid  are  easily  and  com- 
pletely converted  into  normal  butyric  acid,  whereas  the  crotonic  acids  themselves 
are  not  altered  by  sodium-amalgam,  even  when  heated  with  it  on  the  water-bath  for 
■ereval  days. 

Orotonle  Add  flrom  Oitraconio  and  MaMMonle  Aoida*  Oitraconic  anhy- 
dride heated  to  100^  with  hydrochloric  acid  saturated  at  0°,  is  partially  converted 
into  dtrachloropyrotartaric  acid,  which  is  resolved  by  boiling  with  strong  soda-ley 
into  an  add  having  the  composition  of  crotonic  acid.  The  product  crystallises  from 
water,  in  which  it  is  easily  soluble,  in  long,  colourless  prisms,  which  melt  at  16^.  It 
has  a  strong  but  not  unpleasant  odour,  dissolves  in  all  proportions  of  alcohol  and 
ether,  and  boils  constantly  at  160*5^. 

The  ealemm  saltf  (C*H*O^0a,  crystallises  in  tufts  of  long  colourless  needles,  easily 
■olnble  in  water. 

The  silver  salt,  O^HH)'Ag,  precipitated  by  silver  nitrate  from  the  calcium  salt, 
erystallises  from  boiling  water  in  long  needles  or  in  small  compact  crystals,  which  are 
•earcely  affected  by  light.  It  dissolves  sparingly  in  cold,  and  more  freely  in  hot 
water.  The  dry  stdt  does  not  lose  weight  at  70^,  but  about  100^  a  sudden  docompo- 
rition  takes  place  throughout  the  mass,  the  odour  of  the  acid  being  evolved. 

The  add  is  completely  decomposed  by  melting  potash  at  a  comparatively  low  tem- 
perature, being  resolved  into  propionic  acid  and  carbon  dioxide. 

Mesaconic  acid  heated  to  140^  with  strong  hydrochloric  acid,  is  converted  into 
meeachlorop^rrotartaric  acid;  and  the  latter,  by  boiling  with  soda-ley,  yields  a 
erotonic  acid  identical  with  that  obtained  from  citraoonic  aad  (Prohn,  IMiff's  AnnaleUf 
dzzxviii.  42). 

The  crotonic  add  thus  obtained  agrees  with  Frankland  a.  Doppa's  methacrylic 
acid  (ls<  Svppl,  825)  in  its  mode  of  decomposition  by  fusion  with  potash,  but  appears 
to  dijfo  from  it  greatly  in  physical  properties,  methacrylic  acid  being  described  by  its 
discoverers  as  an  oily  liquid  not  solidifying  at  0^.  L.  Paul,  however  {Annalen^ 
eboxviii.  52),  who  has  prepared  methaci^lic  acid  by  a  slig^ht  modification  of  Frank- 
kmd  a.  Duppa's  process,*  and  obtained  it  in  larger  quantity,  finds  that  it  agrees  in 
melting  point,  boiling  point,  and  indeed  in  every  respect,  with  the  crotonic  acid 
obtained  from  citraoonic  or  mesaconic  acid.  There  are,  therefore,  only  three  modifi- 
caUons  of  crotonic  add,  as  indicated  by  theory. 

Methacrylic  acid  is  completely  converted  into  isobutyric  acid  by  the  action  of 
sodmrn-amaigam  at  the  ordmary  temperature.  This  fact  agrees  with  the  observation 
<tf  Qeromont  and  Swarts  {Dsut,  Chem,  Ges.  Ber,  v.  492),  that  Eekul^'s  monobromo- 
erotonic  add  obtained  from  dtradibromopyrotartaric  acid  is  converted  by  the  action 
of  eodium-amalgam  into  isobutyric  acid. 

Methacrylic  add  dissolves  in  concentrated  hydriodic  acid  at  the  ordinary  temper- 
ature, forming  a  dear  solution.  When  the  hydriodic  add  is  in  large  excess,  the 
solution  deposits,  after  some  time,  tufts  of  long  prisms  consisting  of  iod isobutyric 
acid,  C*H»IO«  (Paul). 

IBoBooliloiiiiated  BarlTattvae  of  the  Bomolognae  of  Crotonic  Aoid 

(Demar^ay,  Compt.  rend.  Ixxxiv.  1087).  These  acids,  or  rather  their  ethers, — and 
the  corresponding  derivatives  of  other  adds  of  the  acrylic  series — are  formed  by  tho 
action  of  phosphorus  pentachloride  on  substituted  aceto-acetic  ethers  (p.  12),  the 
general  equation  of  the  reaction  being  [X  »  CH*,  CH*,  &c.] : 

*  PtaaUand  a.  Doppa  yrqiared  methaorylio  add  by  the  action  of  FOl*  on  the  ethyllc  ether  of 
Amathozalio  add,  obtuiQed  bgr  heating  a  mixtnre  of  ethyl  oxalate  and  methyl  iodide  with  amalgam- 
ated line,  and  de«mipoeing  the  product  with  water.  This  procon,  however,  is  tedious,  and  ]delds 
but  a  small  prodact,    Paul  finds  that  it  is  much  more  advantageous  to  start  from  the  ozYiaobatYtUi 

mold,  C(OH*)*OH.C(yH  (identical  with  dimethoxalic  add)  obtained  \n  tnraimkAk:^'^  VrnX^xtXiT^v^^wiuii^ 

mad  T^pkcing  UieBr  by  OH  (1st  amppl,9»l\  2imI  i8«|)|)<.  884). 
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Cfl" 

CH«                     CH« 

CO 

CEX          +  PC1»  = 

^              IL. 
=  poci»  +  Ha  +              or    oa 

ox                      OHX 

CO.OC«fl* 

OO.OC*H»           OOOCH* 

On  adding  tho  phosphoric  chloride,  efferresconce  takes  place,  and  on  geotlTheatiBf 
the  mixture  for  some  time,  a  red  colour  is  produced,  due  to  the  reaction  of  POCP  oo 
the  substituted  aceto-acetic  ether. 

When  the  action  is  complete,  water  is  added  to  decompose  the  oxjcfaloride,  a  hmrj 
oil  being  then  precipitated,  which  is  the  ether  of  the  cnlorinated  scad  mixed  witb 
traces  of  the  free  acid.  The  supernatant  water  also  contains  a  certain  ^oitioa  d  tUs 
acid,  which  may  be  extracted  by  ether.  The  main  bulk  of  the  chlonoated  add  ii 
obtained  by  saponifying  its  ether  with  alcoholic  potash,  expelling  the  aloohol  from 
the  aqueous  solution  of  the  resulting  potassium  salt  by  heating  it  in  the  wmter-btth, 
and  decomposing  this  salt  with  hydro^oric  acid.  A  brown  oil  then  aepaatei,  eot- 
sisting  of  the  impure  acid,  which  may  be  purified  by  distillation  with  steam. 

Chloromethplcrotonioacid,(yE:'ClO*^CR*--<XJi^=O^OH*y^O^ 
in  this  manner  £rom  ethylic  methyl-acetoacetate,  ciystallises  on  distillation  in  tbe 
cooled  receiver.  Towards  the  end  of  the  distillation  a  few  drops  of  an  otlj  add  an 
obtained,  probably  an  isomeric  modification  of  the  acid.  The  solid  add  melts  at  GT, 
and  boils  at  209^-210^.  It  is  moderately  soluble  in  boiling  water,  and  ezyttdlim 
therefrom  on  cooling  in  thin  laminae,  often  4  or  5  centimeters  long.  Its  ethylie  ether 
boils  at  1 77°-l  80^.  The  acid,  gently  heated  with  strong  sulphuric  acid,  is  decompoied, 
with  evolution  of  hydrochloric  acid  and  formation  of  a  sulpho-acid,  the  barium  salt  of 
which  decomposes  when  its  aqueous  solution  is  boiled,  with  evolution  of  carbon  dknide 
and  formation  of  an  uncrystallisable  barium  salt  of  a  new  sulpho-acid.  GhloraiMlbTl- 
crotonic  acid  is  slowly  attacked  by  bromine  at  60^-70^,  giving  ofif  hydrobromie  aoi 
Heated  to  140°  with  excess  of  potash  or  ammonia^  it  is  completely  resolved  into  eariios 
dioxide  and  chlo  ro  butyl  en  e,  C*H^C1,  the  decomposition  beginning  eren  at  100\ 

Chlorethylcroionic  acid,  C«H»C10«  =  CH»— C01=C(0'H»)— CO*H,  pnund 
from  ethylic  ethylacetoacetate,  melts  at  74^-75^,  and  is  partly  decomposed  bj  bouiii|. 
In  purifying  it  by  distillation  with  aqueous  vapour,  a  small  quantity  of  aa  oi^ 
modification  is  formed,  as  in  the  case  of  the  preceding  acid.  At  170^  it  decooipoiei 
with  effervescence,  and  yields  on  distillation  a  neutral  body  which  smells  like  dioo- 
butylene  and  readily  unites  with  bromine.  This  body  is  probablv  chloramyleae: 
C*H*C1»C>H»C10<-C0^  The  distillate  also  contains  a  liquid  add.  Chloiet]^ 
crotonic  acid  is  easily  attacked  by  bromine,  giving  off  hydrogen  bromide. 

Chlorovinyl'dimethvlaceiio  acid,  metameric  with  the  add  last  described,  if 
obtained  from  ethylic  dimethylacetoacetate.  It  is  purified  by  distillation  with  iteiB, 
and  forms  monodinic  crystals  which  melt  at  63^-64°,  and  decompose  at  100^. 

Chloriaopropyloroionic  acid,  C^"C10«  «  C*H*[CH(CH«)>]aO^  »  it 
ordinaiy  temperatures  a  viscid  oil  having  a  faint  odour.  It  czyBtallises  at  —26*^,  aai 
decomposes  on  distillation,  yielding  prooncts  apparently  analogous  to  those  obtained 
from  dilorethylcrotonic  acid. 

Chloropropylorotonio  acid  is  a  mobile  oil  having  a  repulsiye  odoor,  deeosh 
posing  on  distillation,  and  solidifying  in  a  freezing  mixture  at  —28^.  It  is  sh^ 
attacked  by  bromine,  with  evolution  of  hydrogen  bromide. 

CXOTOVIO  CBXiO&AA.    The  compound,  formerly  designated  \fj  this  niBe, 

and  represented  by  the  formula  C^H*C1*0  (2nd  Suppl.  401),  has  been  sliown,  bj  thi 
recent  experiments  of  Pinner,  to  consist  of  butyric  chloral,  C^H*C1'0  (pp.  50,  44S). 

CROTOWT&  BXOMZBB,  C^H'Br,  obtained  by  the  action  of  alooholie  potnk 
on  isobutylene  bromide,  (O^H^Br^—HBr^C^H^Br),  is  a  liquid  boiling  at  90^.  It  it 
not  acted  upon  by  alcoholic  ammonia  except  in  the  nascent  state.  (See  the  aoS 
Artide). 

0»OTO»TTi AMTfraiB,  C<H».NH»,  &c.  (A.  W.  Hofioumn,  Deut.  Ckem.  <j«.&r. 

vii.  514).  These  bases  are  formed,  together  with  butylene-diaminea*  by  htstiig 
isobutylene  dibromide  (b.  p.  148^-149^)  to  100°  with  alcoholic  ammonia,  part  oC  tlni 
dibromide  being  resolved  into  HBr  and  crotonyl  bromide,  and  this  latter  being  coe- 
verted  by  the  ammonia  into  crotonylamines.  The  mixture  of  bases  remaining  after 
treating  the  product  of  the  reaction  with  alkali,  boiled  between  80^  and  ZOQP,  is 
these  bases  could  not  be  separated  by  fractional  distillation,  an  attempt  was  made  to 
determine  their  nature  by  converting  them  into  thiocarbimides.  For  this  purpose  the 
mixture  was  diatWled.,  a^xid  &  sauii^U  toLkcu  from  time  to  time  was  boiled  with  sleoU 
and  carbon  disulphide,  t\ift  «A.wJ\:io\  c^k^t^X*^,  -mA  VJcva  t«;8v^^  V^tA^KAw'<«^j;^%^l3]tuML  cf 
mercuric  chloride.  TVi©  T^t\AOTi?k  \jo\\mv^  -eiJws^^  VL^"*  ^^^^TNa  ^Ci^^sKK^scBsiSaak>aa. 
the  lower-boiWng  -porWoiiB  'siftXd^B.XJCAQWMU^^^VQ.  >3aftVsrBv^t  ^  t;^^ssQ;$ttM.\i^ 
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boiling  at  about  170^,  and  having  a  pnngent  odour  like  that  of  ordinary  mustard-oil 

iallyl-thiocarbimide),  but  decidedly  different  from  that  of  secondaiy  butyl  thiocarbimid^ 
scurvy-grass  oil).  Crotonyl-thiocarbimide,  treated  with  strong  ammonia,  solidifiek 
to  a  well-crystallised  thiocarbamide  (crotonyl-thiosinamine)  melting  at  86^  (allyl- 
thiosinamine  melts  at  70^). 

CSOTOVT&na,  0*H<  »  HC^C— CH*— CH*.  Ethvlacetylene  {2nd  Suppl, 
401). — This  hydrocarbon  occurs  amongst  the  products  obtained  by  the  compression  of 
coal-gas.  It  boils  at  20^-25^,  and  forms  a  tetrabromide  which  melts  at  116^-116°, 
and  crystallises  in  shining  needles  (Gaventou,  BulL  Soc,  CMm.  zx.  72).  A  hydro- 
carbon, probably  identical  with  this,  has  been  obtained  by  Henninger  {Udd,  xix.  145) 
by  disdUing  eiythrite  with  five  times  its  weight  of  concentrated  formic  acid.  Reduc- 
tion then  t&es  place  towards  230^,  the  formm  of  glycol,  OH'(OH)',  passing  over  and 
carbon  dioxide  being  given  off,  together  with  the  hydrocarbon  C*H*.  This  latter 
condenses  in  a  freezing  mixture  to  a  limpid  liquid,  and  unites  rapidly  with  bromine, 
forming  the  compound  C*H'Br\  which  crystallises  in  white  flattened  needles  or 
rhombic  laminse  with  two  truncated  summits,  melts  at  116^,  and  easily  sublimes. 
Orotonylene  is  also  found  amongst  the  hydrocarbons  obtained  by  passing  Uie  vapours 
of  low-boiling  petroleum  through  a  red-hot  tube  (2tkl  Suppl.  401),  and  among  those 
which  are  formed  by  the  decomposition  in  an  atmosphere  of  nitrogen  of  the  solid 
condensation-product  of  acetylene  produced  under  the  influence  of  the  dark  discharge 
(p.  34)  (Berthelot,  Compi.  rend.  Ixxxii.  1283). 

A  hydrocarbon  isomeric  with  crotonylene  has  been  found  in  small  quantity, 
together  with  amylene,  hexylene,  benzene,  and  carbon  disulphide,  in  the  first  runnings 
of  the  distillation  of  crude  benzene.  The  tetrabromide  obtained  firom  it  boiled  at  99^, 
and  gradually  decomposed,  with  separation  of  hydrobromio  acid  (Helbing,  Liebig/'s 
jinnalen,  clxxii.  281). 

CXTOCOVZTB.  The  name  is  applied  by  Nordenslnold  (i^^.  Ann.  cli.  154) 
to  a  grey  lumpy  powder  which  he  collected  in  1870  on  tne  ice  in  the  interior  of 
Greenland.  This  powder  covers  the  ice  in  some  places  to  the  depth  of  several 
millimeters,  and  is  heaped  up  here  and  there  in  laige  quantities  by  the  streams  which 
tzaTene  the  glacier.  The  microscope  shows  a  few  yellow  cleavage  fragments  (felspar  ?), 
green  crystal  fragments  (augite  ?),  and  a  small  quantity  of  magnetic  iron  ore,  whilst 
the  main  bulk  of  the  powder  consists  of  colourless,  angular,  transparent  grains.  An 
analysis  by  G.  Lindstrom  gave : 

aO*  A1»0«  FeH)«  FeO         MnO  CaO  MgO 

62-25         14-93        0*74        4*64         0-U7         509        300 


K"0 

Na"0 

PH)» 

a 

x« 

n«ot 

Total 

Bp.gr. 

2-02 

401 

Oil 

0-06 

2-86 

0-34   = 

10012 

2-63  at  21*» 

•  Water  and  oiganic  znatter,  given  oif  above  100^.  f  Given  off  between  IBP  and  ICO^. 

Nordenskjold  himself  found  in  this  dust  metallic  iron,  together  with  cobalt,  copper, 
and  nickel,  and  is  therefore  inclined,  notwithstanding  its  great  resemblance  to  a 
volcanic  ash,  to  assign  to  it  an  extra-terrestrial  origin. 

A  cosmic  origin  is  likewise  attributed  by  Nordenskjold  to  the  blackish  dust  which 
occurs  mixed  with  snow  in  several  localities  in  Sweden,  Finland,  and  Spitsbergen. 
This  dust  also  contains  metallic  iron,  and  its  occurrence  in  an  ice-field  in  the  northern 
part  of  Spitsbergen  is  regarded  by  Nordenskjold  as  completely  excluding  the  idea  of 
a  terrestrial  origin  of  the  iron.  Phosphorus,  cobalt,  and  perhaps  nickel,  were  also 
found  in  it,  and  the  residue  insoluble  in  acids  contained  fragments  of  diatoms. 

See  Htdratbs. 

k    See  Glass. 


also  called  Priceite  (Chase  a.  Silliman,  Sill.  Am.  J.  [3], 
y.  287).  A  hydrated  calcium  borate,  from  Curry  County,  Oregon,  where  it  occurs 
sometimes  in  Uie  form  of  veins  in  a  slate,  sometimes  in  layers  of  concretions.  Under 
the  microscope  rhombic  crystals  may  be  recognised. 

A.  The  harder  variety,  forming  the  veins.  B.  The  softer  variety,  forming  the 
ooncnttions ;  analysed  by  Th.  Price.  C  to  E.  Analyses  of  the  latter  variety  by  H. 
Silliman,  who  refers  them  to  the  formula  3Ca0.4BK)>  +  dH^O  (F.) 


B^)*.« 

CaO. 

VaCl. 

Pe"0-. 

A1«0" 

BH).    TotaL 

Sp.gr. 

A. 

45*20 

29-80 

trace 

— 

2500  » 100 

B. 

47-04 
48-50 

29-96 
32-38 

0-25 

— 

22-75  » 100 
18-29- 100*10" 

— 

C. 

0-93 

1 

D. 

49*34 

31-37 

1-00 

18*29-100 

S  2*262-2-298 

E. 

6001 

31-73 

0-97 

18*29-101 

1 

jP. 

60-36 

80-21 

— 

\ft*4^«\^^ 

Estimated  by  dUIeraioe* 


^•^^;^*"^ 
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CRYSTALLISATION. 

The  formatioD  of  ajitaSa  io  a  liquid  axM  u  U 
point  of  sol idifl cation,  ami  in  a  soiiDe  solution  cooled  below  its  point  <tf  at«    " 
DlpIuinHl  SB  foltova  bj  do  Ooppet  (Arm.  C&ivu  Fhyt.  (&],  vi.  27AX  ■»>  the 
of  the  meidisiiicBi  tliHuy  of  heat.    If  the  liquid  cootuiu  \cryaial  of  du  n 
salt,  the  liquid  laolecules  nf  Boffidentl;  low  tempeiBtora — that  ia,  thoan  vhi 
IB  suffideotly  slow — which  encoontet  the  alreadj  fonaed  cryBtal,  euQj  fix  U 
on  iU  snriace.    £ut  if  there  be  no  crjrstsl  already  formed,  then  tha  fannatlc-  _ 

first  ojeUilliQB  element  requires  the  eimultaaeaus  eucounter  of  serenU  liqoidmalH 

in  ctntuii  states  of  motioa.  This  sncoaDlflr  being,  to  lo  Bpaak,  acodcotal,  d^  Mt 
occur  for  a  long  time,  or  not  at  all ;  but  aa  the  temperatnre  is  lowered,  tlu  tembm  at 
molecnles  in  the  suitable  condition  incceaites.  In  tke  saline  solntioo,  Uia  fh-^Hf  g( 
the  enconntsi  of  s  BUffideat  unmber  of  molecoles  are  diminished  by  the  istcfpamia 
of  the  moIecuIeB  of  tha  Bolrent,  and  b;  the  modifications  of  tlie  atomic  gmafit^ 
which  ma?  be  induced  by  ita  chemical  ocdan  od  the  dissolTed  anbalaiioe.  It  IoUot»~ 
1.  That  the  time  reqoired  for  apontooeous  crjBtaltisation  should  bs  ahortdr  aa  ibt 
temperatnra  is  lower,  and  in  the  case  of  Buperaaturated  solu^ona,  as  the  liqidd  ia  ivn 
concentrated  ;  and  2.  That  the  time  ahonld,  in  general,  be  inverMly  a«  the  n 
tha  fund  bod;  or  supersatuistod  solution.  The  first  dedaction  is  Iblly  a  ' 
experiment,  mit  the  second  has  not  yet  bBon  rigoTaagl}'  Tcrified. 

Od  tJie  Symmetrical  Growth  of  Circulsity  Folsriaing  dystola,  see  Oroth  (A 
jfan,  clvui.  3U;  Jahrb.f,  Min.  1876,  602;  0um.  Soc.  Jour.  1877- ii-  US). 

Unequal  Solubility  of  different  Faoa  of  the  lava  Oryital. — Ffaondler  explains  d 
phenomeca  of  a  crystal  changing  its  shape  without  alteration  of  weight  in  a  aataiH 
■oluUon  of  the  same  substance  at  a  constant  tamptiratuie,  by  mtppoaiog  that  vhofl 
molecules  of  the  liquid  come  in  contact  with  tbecrysuil  molecules,  they  may  eithwl 
reflected,  they  may  adhere,  or  they  may  tsar  away  some  of  tbe  latter, 
does  not  alter  in  weight,  it  fallows  that  as  many  molecules  adhors  as  ai 
and  if  the  average  energy  of  ribration  wera  tbe  same  on  all  the  surfaces  of  ths  ciptil, 
and  In  all  directions,  the  ciyetal  would  not  altar  in  form.  If,  however,  it  ■■  ttot  sqal 
on  all  the  surfaces,  some  will  present  less  resistance  to  the  molecnlnr  actios  and  vill 
deeceaso,  whilst  tbe  others,  at  which  it  is  greater,  will  increase,  and  thus  the  gysrij^J 
Una  form  will  be  altered  without  any  chnnge  of  weight  {  C^nn.  Ctntr,  187 A,  498).  ^^ 
See  also  Lscoq  de  Boisbaudran  (CWpf.  read.  Ixzi.  1007  ;  Ciem.  Sec,  Jctr.  IT 

my 

On  tlu  Imqvality  of  Actum  qf  Itonwrfkoui  Boditu  on  the  lama  Sotvlion,  ate  h 
de  Boiebaudran  (Ion.  cU.') 

SlTueluTt  of  bmnorjiAoui  Cryitais. — Kammehiherg  (Oeui.  Chem.  Ga.  1 
considers  that  the  molecule  of  a  crystul  consists  of  a  group  of  single  mbU 
Keknle  (iiuf.  3S)  infers,  from  the  isomorphism  of  certain  ferrans  salts  with  m 
or  calcium  salts,  that  a  like  oystallins  form  docs  not  necessarily  imply  a  liai 
the  molecules  on  all  sides,  bnt  may  be  a  conseqnenae  of  partial  aimilarit;,  and  pacbMH 
even  of  similarity  on  one  side  only  of  the  molecules.  '^ 

Certain  obserraticns  mode  by  Bnumhaoer  (liuf.  v.  8ST)  on  the  form  of  tha  g 
rOfioQ-fignres  produced  by  the  action  of  solvents  on  various  iBamorpliaaa  a 
appear  to  favour  this  lattar  view.    These  corroeion-flgnres  are  mostly  iiii< 
liullows  bouniied  by  regular  snrbcee,  tbe  form  of  whjoh  evidently  bears  a 
relation  to  the  genorat  proportious  of  symmetry  of  the  crystal.     The  figures  t< 
on  isomorphoos  crystals  always  axhibLt  a  corlain  similarity  of  form,  bat  hi   . 
always  the  same  poeitian  relative  to  tbe  anrfaces  of  the  crystal.     Thos  then  M 
important  differencs  bntveen  the  figures  produced  by  water  with  the  iaomoipboa 
memiiecs  of  the  moDocIinic  giottp,  siuphate  of  iron,  sulphate  of  irun  and  amtDoirinB, 
sulphate  of  nickel  and  potassium,  and  sulphate  of  nickel  and  ammonitun.     "The  Sgan^ 
correspond  in  position,  although  the  analogoai  sur&ceB  of  these  bodies  do  not  betats  ■ 
in  exactly  tha  same  manner  (which  is  in  accordance  with  the  alight  dlffereDMS  #J 
angle  eziating  between  them).     In  pacticulsr  tlie  figures  on  the  two  latter  ealti  nifl 
samble  each  other  very  closely.  ■ 

The  group  colcapar.  dolomite,  and  spathic  iron  ore  exhibits  a  contisry  bebavisB  | 
HydrocUorio  acid  [u^uces  on  the  rhombohedral  cleavago-planea  of  colcapar  hnUgn 
of  the  form  of  an  isosceles  triangle,  with  the  apex  towards  the  terminal  imiamit  i/tls 
crystal.  Similar  figures  ace  produced  by  hydrochloric  add  on  the  rhomboludal 
cleavage-planes  of  spathic  iron  are,  but  in  this  case  tbe  base  of  the  tziangnlar  hellw 
■-  '-- vards  the  tenninal  aiinunit  of  liie  crystal.  Acccording  if  "  '  '  ■  ■  - 
res  similarly  to  spathic  iron  ore. 

The  close  resHmblonce  or  tbe  diSerence  in  the  position  of  the  c  ^ 

le  isomorphous  bodies  would  appear  to  point  to  a  resemblance  or  difieraoM  h 

~  tnre  OT  moVeculai  form  of 'i^e  ct^&XxiIb. 
B  ttie  Corrosion-flgUTBa  o?  Ct5&\s.\»,  laisi  Tiao'^aJiOT  VJogg.  Awn.  ^ 


)  Hausht^er,  dolconia.  ^ 

le  corrosioD-fignnB  fttfl 
ie  or  difieraoM  b  tlt^H 

.  Awn.  ^va.Va.\Ma^H 
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f.  CSImi.  1874,  6 ;  H.  Banmhaner,  'Pogg,  Ann,  cliii.  75,  621 ;  Jakttib.  1876,  6 ;  Jakrh. 
f,  MmerahgU,  1876,  602;  Chem.  8oo.  J,  1877,  ii.  116);  Sohneke  {JPogg.  Ann,  oliz. 
829  ;  Jdkretb.  1876,  3). 

B^uence  of  CrysUUliaation'water  on  CrystaUine  Form, — According  to  A.  £.  Nor 
danakidld  (D^,  Uhem.  Ges,  Ber,  y'u,  476)  this  inflnenee  is  much  less  than  in  generallj 
■opposed.  A  distinction  must  be  made,  in  the  first  place,  between  iaomorphous 
bodies^  which  agree  in  atomic  constitution,  and  belong  to  the  same  crystalline  system, 
with  the  same  or  nearly  the  same  axial  constants,  and  hom<gamorphoua  bodies,  which 
agree  in  chemical  composition  and  in  fundamental  shape  and  axial  constants,  but 
crfstallise  in  different  systems. 

The  felspars,  for  instance,  and  the  seyeral  rarieties  of  augite,  &C.,  form  homceo- 
morpbous  groups;  calcspar  is  isomorphous  with  spathic  iron  ore,  homcsomorphous 
with  arragonite,  intherite,  &c. 

In  many  bodies  a  distinction  must  be  drawn  between  the  '  nucleus  constituent ' 
(Siunbestandtheil)  and  the  '  addition  constituent,'  which  latter  has  little  iixfluence  on 
the  crystalline  form. 

In  the  felspar  group,  anorthite  is  the  nucleus  constituent,  silicic  add  the  addition 
€ODstituent : — 

Anorthite,  (R".R«)0.8iO»  +  R«0«.SiO« 

Labradorite          „  t.           +  SiO' 

Andesite              „  „           +  2SiO' 

Oligoclase            „  „           +  2^iO< 

Albite                   „  „           4.  4SiO* 

Orthoclase           „  „           +  4SiO* 

The  different  Tarieties  of  staurolite  are  compounds  of  the  common  nucleus 
ROJU«0«  +  R«0«.SiO«.  with  1,  U,  2,  2*,  3*.  or  4  8iO»,  &c. 

Compounds  containing  water  of  crystallisation  are  only  particular,  but  still  im- 
portant cases  of  this  kind  of  combination.  Hence,  without  reference  to  the  amount 
of  addition-  or  crystaHisation-water,  those  crystals  which  have  the  same  nucleus-con- 
fltituent  are,  as  a  rule,  homoBomorphous. 

On  Crystal  Crusts  or  Shells,  see  Zerrenner  (Jakrb,  f,  Mineralogie,  1876,  662 ; 
Ckem,  8oe.  J.  1876,  i.  64). 

On  the  Determination  of  the  Elasticity  of  Regular  Crystals  in  different  directions, 
see  P.  Groth  (Jakrb.  f.  Min,  1876,  199  ;  Chem.  800,  J.  1876,  ii.  42). 

On  the  Pyio-electric  Properties  of  Symmetric  Crystals,  see  W.  Hankel  {Pogg,  Ann, 
cliii.  161). 


This  mineral,  first  obtained  from  Cuba,  and  examined  by  Breithaupt, 

has  lately  been  discovered  in  two  Swedish  mines,  namely,  those  of  Tunaberg  and 

2FeS) 
Kafveltorp.    Three  analyses  agreed  with  the  recognised  formula  r«  g  >  Pe9*     (Cleve, 

Jakrb,  f,  Mineralcgie,  1873,  p.  90). 


S.  £.  A.  Schmidt  (Arek,  Pharm.  [2],  cxci.  1}  obtained  bv  distillation  of 
eubebs,  14  per  cent,  of  volatile  oil.  Old  cubebs  yielded  oil  separable  by  fractionation 
into  two  others,  of  sn.  gr.  0*929  and  0*937  respectively ;  the  lower  specific  gravity 
was  likewise  exhibited  by  the  oil  distilled  from  the  stalks  of  cubebs.  The  lighter  oil 
boils  at  220^,  the  heavier  at  260^.  Both  are  IsBvogyrate,  and  have  the  composition 
CH*^.  From  the  oil  of  old  cubebs  (but  not  from  that  of  the  stalks)  a  camphor, 
C^H*H),  was  obtained,  apparently  formed  from  the  light  oil.  Bv  boiling  pulverised 
enbebs  wiUi  water,  Schmidt  obtained  a  substance  which  he  called  muous,  having  the 
composition  C*H>*0*.  Cubebin,  the  crystalline  substance  obtained  by  exhausting 
with  alcohol  the  pulpy  residue  left  after  the  preparation  of  the  volatile  oil(ii.  171), 
has,  according  to  Schmidt,  the  composition  C"H'K)** ;  it  does  not  exhibit  the  chuacters 
of  a glueoside.  The  acid  resin,  called  by  Bematsik  cubebic  acid  (2nd  Suppl,  402), 
Schmidt  finds  to  be  a  bibasic  acid,  C'*H>^0^.  He  has  also  obtained  from  cubebs  an 
indiilerent  resin  having  the  composition  C**H*K>*. 

Schaer  a.  Wvss  (Arek,  Pkarm.  [3],  vi.  316)  confirm  Schmidt's  statements  as  to  the 
compoeition  ana  properties  of  cubebs-camphor,  and  find  that  it  melts  at  67°.  The 
camphor  they  examined  (6  or  6  grams)  had  separated  from  oil  of  cubebs  (26  grams) 
which  had  been  kept  for  several  years,  in  large  apparently  rhombic  crystals.  Oil 
prepared  from  old  cubebs  did  not  deposit  any  camphor  when  exposed  to  a  low  tem- 
perature, even  when  continued  for  several  weeks. 

The  constituents  of  cubebs  have  also  been  examined  by  A.  Oglialoro  (Qags.  chim, 
itoL  V.  467)<    Cubebs  distilled  in  a  current  of  steam  yielded  about  4  per  cent,  of  a 
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Tolatile  oil,  from  which,  after  rectification  and  drying  over  cslcimn  diUnide,  a  ■ 
quantity  of  a  terpene,  0"H*<,  was  obtained,  boiling  at  158^-168^,  together  with  a 
considerable  quantity  of  oil  boiling  at  250^-270^,  evidently  a  miztare^  but  no  taeeof 
the  oil  boiling  at  220^  observed  by  Schmidt 

When  the  portion  boiling  at  250^-270°  was  mixed  with  half  its  weid^t  o£  sther  and 
saturated  with  hydrochloric  acid,  a  crystalline  hydrochloride,  C^'H'^^Ol,  was  sepa* 
rated,  whilst  the  mother-liquor,  after  evaporation  of  the  etiier,  and  aepii^^tioo  of  a 
further  portion  of  the  hydrochloride  which  crystallised  out,  was  washed  with  dilnts 
alkali,  dried,  and  submitted  to  fractional  distillation.  The  greater  portion  passed  Ofcr 
ut  262^-263^,  and  exhibited  a  slight  Isevorotatory  power,  although  it  is  doubtfil 
whether  this  power  is  inherent  in  the  last-mentioned  hydroGsarbon,  or  is  doe  to  the  ad- 
mixture of  a  small  amount  of  that  which  forms  the  crystalline  hydrochlorida:  Thf 
hydrochloride  crystallises  from  boiling  alcohol  in  long  colourless  needles,  melting  at 
117^-118°  and  when  heated  for  some  time  to  170<'-180<'  with  water  in  sealed  tabes,  is 
completely  decomposed  into  hydrochloric  acid  and  a  hydrocarbon  of  the  fiDrmila 
QiA|£24^  This,  after  purification  by  rectification  from  sodium,  has  a  density  of  0*9289  at 
0^,  and  boils  at  264°-265°.  In  a  tube  10  centimeters  long  it  deflects  the  polsriied 
ray  44*60  degrees  (160°  12')  to  the  left.  The  hydrochloride  also  has  a 
action  on  polarised  light. 

CV&BAOBZTB.    See  Vebmicxtlttes. 

A  constituent  of  Coto-bark  (p.  678). 


,  OH>«=OH\CH(0H>)'.  Isopropylhemene,'-'!!^^  hTdroeariNS, 
which  exists  ready-formed  in  Boman  cumin  oil,  and  is  produced  bj  distilling  CBBie 
acid  with  lime  or  baryta  {\8t  Suppl.  ii.  173,  294),  may  also  be  formed  sjmtheticaUy  bj 
the  action  of  sodium  on  bromobenzene  and  isopropyl  iodide.  The  sodium  is  addad  te 
the  isopropyl  iodide,  and  a  solution  of  the  equivalent  quantity  of  bromobenaene  in  m, 
times  its  volume  of  anhydrous  ether  is  poured  upon  the  mixture.  A  alow  action  thei 
takes  place,  and  after  it  has  gone  on  four  days,  the  mixture  may  be  heated  for  a  iw 
hours  to  the  boiling  point,  and  the  cumene  separated  by  fractional  distillatioa.  Us 
yield  is  but  small.  The  cumone  obtained  by  this  process  was  identified  with  tht 
hydrocarbon  prepared  from  cumic  add  by  converting  it  into  the  sulphonie  ^'^^m^ 
comparing  the  strontium  and  barium  salts  of  that  acid  with  those  of  the  salphoDe 
acid  prepared  from  ordinary  cumene  (Jacobsen,  Deut.  Chem,  Gm»  Bar.  viii.  1280). 

Cumene  treated  with  chlorine  in  presence  of  iodine,  and  afterwards  heated  to  200^ 
with  iodine  trichloride  in  sealed  tubes,  is  converted  into  perchloromethans  sad 
perchlorobenzene: 

C»H"  +   16C1»  =  C5*C1«  +   3CC1«  -h   12HC1 

(Krafft  a.  Merz,  Deut„Chem,  Ges.  Ber,  viii.  1296). 

OoalT-txir  Cumene.  The  portion  of  coal-tar  naphtha  thus  designated  is  a  mixtm 
of  two  trimethyl-benzenes,  viz.  mesitylene  and  pseudocumene,  whi<^  may  be 
separated  by  the  different  solubilities  of  their  sulphamides  in  alcohol  (see 

DBNZBNES). 


[  (so-called) ;  see  Cthtl-cabbamidb  (p.  892). 


;,  cuanann-caoTOszOt   and 

AWGBXkZC  AOIBB  \  see  Cinnauic  Acids,  Homoloottss  of  (pp.  601-^8). 

CVMZC  AC»D,  C>*H>H)*.    Fktem6  and  Fileti  {Gasg,  dim.  Uak  t.  S88)  tew 

demonstrated  the  existence  of  two  ami  do  cumic  acids,  C'*H>*(NH')0*.  NitxoeaHie 
acid  was  prepared  by  dissolving  pure  cumic  acid  in  four  times  its  weight  of  well-«»lid 
nitric  acid  (sp.  gr.  1*47),  heating  for  a  few  minutes,  precipitating  hy  water,  and  c^s* 
tallising  the  pr^uct  fiint  from  ether  and  then  from  benzene.  The  purified  acid  ip* 
poared  homogeneous  and  melted  at  about  157^.  It  was  reduced  to  the  amido-add  hf 
means  of  iron  and  acetic  acid,  the  iron  removed  by  sodium  carbonate,  and  the  sad 
precipitated  as  a  lead  compoimd  by  lead  acetate.  This  was  subsequently  deoonpoMi 
by  sulphuretted  hydro^n,  and  the  amidocumic  acid  crystallised  from  boiliag  vatic. 
The  first  experiment  yielded  large,  transparent,  tabular  crystals  melting  at  104*4^ bit 
in  all  the  subsequent  operations  the  product  formed  acicidar  scales  melting  at  Itt^. 
The  plates  melting  at  104*4°  moreover,  after  they  had  been  kept  for  six  or  ssm 
wee^,  also  melted  at  129°.  The  acid  melting  in  the  first  instance  at  104*4^  (dsHiibid 
in  vol.  ii.  p.  179  as  oxycuminamio  acid)  was  not  obtained  in  any  subfleouent  enri- 
ment.  The  existence  of  two  isomeric  amidocumic  adds  points  to  the  existenee  of  tn 
corresponding  u\tro-ae\da  *,  \ai\.  «a  \)[v^  Ti\VTCR;<Q3S£i^  ws&  v^^rkr^  '^^«EC«tiL^  hoBO- 
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genrauB,  it  ia  not  improbable  that  it  givee  rise  in  the  first  instance  to  the  amido-acid 
melting  at  104*4°,  which  is  snbseqnently  transformed  into  the  one  melting  at  129^. 

CVMZC  AU>BBT»B  or   OUBCZWOXi,  C>*H>'0  »  C*H".CHO  =  CH^K^^^^* 

This  compound  boils  at  230°,  and  when  heated  with  hydrocyanic  and  hydrochloric 

acids,  is  converted  intophenyl-propyl-glycollio  acid,  C*H*^^SjCT__/v)m  I 

0»H".CHO  +  HON  +   2H«0  +  HCl  -  C»H»>.OHOH.COOH  +  NH<a. 

This  acid  forms  small  white  needles,  melting  at  158°.  Its  barium  salt, 
(C*'H'*0*)'Ba-»'  4HK),  separates  from  water  in  small  rhombic  tables,  which  lose  their 
water  at  120°-130^.  The  silver  salt  forms  tofts  of  small  anhjrdrons  needles.  The 
lead  salt,  (G"HiK)*)7b,  forms  a  whiteprecipitate. 

CunUnf/l'diaoetamide,  ^'H^'.OH^u^qshso*  '"  obtained  by  heating  a  mixture  of 
enmic  aldehyde  and  acetamide  to  170°-180°. 

C»H».COH  +  2(H«N.C«HH))  -   C»H».CH<^^^gI^  +  H«0. 

It  ia  sparingly  soluble  in  water,  from  which  it  separates  in  small  sillcy  needles  melting 
at  21^,  and  hot  hydrochloric  add  splits  it  up  into  cuminol  and  ammonium  chloride 

Ctmim/l'dibensamide,  C»*H««NH)«  =  C«H».CH<;^-^^  is  obtained  by  heating 

eumic  aldehyde  with  benzamide.    It  separates  f^m  alcohol  in  white  shining  needles, 
wludimelt  at224^,and  are  insoluble  in  water  (A.  Raab,  Deut,  Chem,  Oes.  Ber,  yiii.  1 148). 

Hydroernnlnamlde,  C**H"N'b(C*Hi>.CH)*N^  This  compound,  homologous 
with  hydrobenzamide,  is  formed  by  heating  cuminol  to  100°  with  aqueous  ammonia. 
It  IB  a  thick  liquid,  which,  by  prolonged  heating  to  120^-130°,  is  converted  into  an 
isomeric  base,  crystalludng  from  alcohol  in  bulky  flocks,  from  benzene  in  small  nodules, 
which  under  the  microscope  are  seen  to  consist  of  fine  needles.  It  melts  at  205°,  is 
insoluble  in  water,  but  dissolves  in  38  parts  of  boiling  alcohol,  and  very  readily  in 
benzene  and  parafiSn  oils,  also  in  alcohol  acidulated  with  sulphuric  acid.  It  forms 
salts  with  sulphuric,  nitric,  and  oxalic  acids  (Borodin,  Deut,  Chem,  Oes,  Ber, 
Ti.  1253). 

CUMZBZVB.  Hoftnann,  in  1872,  described  under  this  name  a  base,  the  hydriod- 
ide  of  which  was  obtained  by  molecular  transformation  of  trimethylphenylammonium 
iodide  (2nd  Suppl.  57)*  Subseouent  experiments,  however  (Dsut.  Chem.  bes,  Ber.  viii. 
61),  have  shown  that  this  base  is  really  mesidine,  0*.NH*.OH*.H.GH^.H.CH*  (q,  v.) 

rOlfl-nunrBAn.    See  Gabbaitatbs,  p.  384. 

C*HiH)»C*HVC*H')OH.  Cwnophenol  (Patem6  aSpica,  GasM.  eMm. 
UdL  vi.  535). — ^This  compound  is  prepared  by  fiising  potassium  cumenesulphonate  with 
potash,  aci(uiVing  the  aqueous  solution  of  the  /used  mass,  dehvdrating  tne  crude  oUy 
product  thereby  separated,  and  purifying  it  by  fractional  distillation.  Omnol  crystal- 
lises in  colourless  needles,  which  melt  at  61°.  It  boils  at  228'2°-229*2°(cor.)  under 
a  pressure  of  758- 18  (cor.  to  0°).  The  methyl  derivaHve,  OH\C5«H»).0CH»,  was  |we- 
pared  bv  heating  a  solution  of  equal  molecular  weights  of  cumol  and  potassium 
hydroxide  in  methyl  alcohol,  with  a  slight  excess  of  methyl  iodide.  It  is  a  colourless 
highly  refractiye  liquid,  having  an  odour  of  aniseed.  Its  specific  gravity  at  0°  is 
0*962,  and  it  boils  at  212°-.213°  (cor.)  under  a  pressure  of  758*04.  The  acetylrderi- 
fKUive,  C*H*(C'H^.OC*H'0,  was  obtamed  by  acting  on  cumol  with  excess  of  acetyl 
chloride.  Its  specific  gravity  at  0°  is  1*026,  and  it  bcils  at  244°-244*5°  (cor.)  under  a 
pressure  of  756*27. 

To  ascertain  tJie  constitution  of  the  cumol  prepared  in  the  manner  above  described, 
its  methyl-derivative  was  oxidised  with  a  mixture  of  potassium  bichromate  and 
sulphuric  acid.  A  small  quantity  of  an  acid  was  thus  obtained,  which  from  its  melting 
point  appeared  to  be  anisic  acid.  If  this  is  confirmed,  the  cumol  must  be  a  para-den- 
vativo  of  benzene. 

C1JMOVZTKCL,  C>*H>>N.  This  body  is  formed  from  thiocuminamide, 
NIP.C^H"S,  by  prolonged  boiling  with  concentrated  potash  or  soda-ley  (which 
abstract  SH^,  but  is  at  the  same  time  resolved,  by  assumption  of  tiie  elements  of 
water,  into  cumic  acid  and  ammonia  (Wanstrat,  tifid.  ri. 


CUMUJUATZVa  SSSOZilJTZOV.  In  the  course  of  his  investigations  into  the 
nature  of  the  polyalcohols,  it  was  observed  by  Wurtz  (Lemons  de  Phil,  Chim,  181)  that 
eertain  oxides  and  hydrates  are  capable  of  combining  with  themselves,  simultaneously 
eliminating  water ;  and  he  gave  several  instances,  especially  among  polyglvceric  and 
pol/mlicic  compounds,  in  which  the  performance  of  thiA  OMin^ou  iwmX  ^ooMk  x^ 

SrdSsfp.  Q  (^ 
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succession  upon  the  same  hydrate  was  lucidly  illustnted.  Wattf  rabfeqaeirtly  (b 
Fovnes's  MantuUof  Chemistry,  1 868,  pp.  666, 683)  wrote  general  eqnadonf  in  tormi  of  n 
for  the  coincident  dehydrating  and  accumulating  jprocesses,  wherebj  the  pQ^Jgiyeene 
and  polyelucosic  alcohols  are  formed.  Kills  has  since  {Phil.  Mag.  June,  1877)  further 
developed  the  theory  of  this  now  rery  frequent  phenomenon,  to  which  he  applies  the 
term  *  cumulatiTe  resolution.' 

Cumulative  resolution  is  defined  as  the  combination  of  a  substance  or  mixture  of 
substances  with  itself  n  times,  a  particular  portion  of  It  being  lost  each  time,  aeeordiiig 
to  some  fixed  law.  Thus,  bismuthic  nitrate,  when  decomposed  by  a  sraduidly  ioevees- 
ing  quantity  of  water,  yields  a  series  of  bodies  which  are  less  and  less  nitzogenou, 
and  more  and  more  bismuthic.    Having  regard  to  the  denitration  alone,  we  write : 

ii(Bi«0«.3NK)»)-(ii-l)N«0»  =  Bi«K)»-.N*-+«0»**», 

and,  by  giving  yarious  values  to  «»,  from  0  to  qo  ,  we  shall  obtain  the  fbrmuls  of  all 
possible  compounds  between  BiK)*.3NK)*  and  Bi*0'.NK>i*.  But  it  is  obyioDS  that 
this  latter  compound  is  capable  of  undergoing  precisely  the  same  operation  as  ita 
predecessor ;  so  that,  taking  a  second  time,  and  m  a  new  equation,  a  set  of  raluea  of 
n  from  0  to  00 ,  we  arrive  at  the  formula  Bi*0*.NH)*.  And  upon  this  we  can  pezftm 
the  same  operation  once  more,  but  evidently  only  once  more ;  the  final  resalt^  thii 
third  time  at  infinity,  being  the  expression  BiH)*.  According  to  this  mode  of  repre- 
sentation of  the  reaction,  the  passage  from  one  multiple  proportion  to  anothar  ii 
bismuthic  nitrate  contains  an  indefinitely  great  number  of  terms,  of  which  tha 
*  multiple  proportions  *  are  in  fact  the  extreme  conditions.  In  the  flnt  staoe,  bodiia 
are  known  corresponding  to  *1  and  1 ;  in  the  second,  for  nB2 ;  and  in  Uie  tlmd. 
for  i»=S,  {i  },  1  and  qo  .  Thus  the  whole  of  these  hitherto  obscure  oompounda  are 
included  in  a  clear  and  systematic  theory. 

A  more  general  aspect  of  this  common  form  of  cumulatire  reeolutaon  is  the 
following.  Let  a  substance  A*B^O  .  .  .  (termed  the  diapobfte  by  Mills)  undeigo 
cumulative  resolution,  losing  A^B^G*  .  .  •  (termed  the  apdyte)  we  may  write : 

nA*B^O  ...-(«-  m)A*B^O  ...»  a»««-^h»»BC^-*»^»*Op— »^—  .  .  . 

When  91  becomes  exceedingly  large  with  respect  to  m,  the  right-hand  side  of  the 
equation  becomes : 

[ A<*  •>  B<^-')  CKy-)  .  .  .] 

Such  a  product  is  named  a  cumulate^  and  is  necessarily  preceded  by  some  symbd  fiv 
an  infinite  value  of  ».  Now  there  is  reason  to  believe  mat,  when  n  is  yery  large,  the 
actual  chemical  condition  is  one  of  unstable  equilibrium,  in  anticipation  of  ihb  next 
stage  of  resolution :  hence  it  is  uncertain  whether  the  mathematical  sign  for  inflnitj 
should  be  used.  In  order  to  avoid  this  difficulty,  the  letter  n,  when  represent!!^  a 
very  large  number,  is  written  y,  which  is  accepted  in  this  theory  as  the  symbol  for 
chemical  infinity.  Cumulates  also,  on  account  of  their  peculiar  properties,  require  a 
special  symbol,  for  which  0  (a  C  reversed)  has  been  proposed  as  conyenieot.  Betors- 
ing  now  to  the  general  equation,  it  is  easy  to  see  that  we  can  obtain  from  it  the 
following  series  of  cumulates : — 

»  «      [A-B^O'  .  .  .] 
d  =  yrA<*-*»B<^»'»0[y-«>.  .  .] 
9  »  y»f  A(.-*»  B<^-«»>  C<r-fc)  .  .  .] 
d  «  v»[A<--«»)  BW-"»  C<r-i«)  .  .  .] 
&e.  &c. 

While  these  differ  in  composition  by  a  uniform  amount,  their  operator  r  pxooeedi  br 
powers ;  and  the  curve  representing  Uie  relation  of  r  to  their  dififorenoe  is  a  logarithmie 
curve.  A  consideration  of  the  following  cases  shows  that  the  theory  of  cnmulatiTi 
resolution  must  have  a  wide  range  of  practical  application. 

1.  Amnionic  Carbonates. — The  different  ammonic  carbonates  may  be  ooooaifiUj 
formed  by  deammoniating  diammonic  carbonate  or  by  decarbonating  hydzoamaiaoie 
carbonate.  [Bose*s  nine-fourths  carbonate  is,  however,  an  exception,  and  does  aot 
fall  into  any  system  of  classification  hitherto  adduced.]  In  the  latter  case  the  equation 
is  (omitting  hydration  water) : 

2«NH«C0«-(»- 1)C0«  =  N*»H«"C»+»0*»+«. 

The  following  table  contains  the  known  values  of  the  ratio  r  «  ^    in    the 

C 
carbonates,  and  the  coneBpon^m^^'^xi^  oi  yv*. 
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n 
000 
016 
0*25 
100 
2-00 
300 

4*142867 
6-00 
7-00 
1500 

Expressing  n  in  terms  of  r,  we  have : 

2« 


N  : 

C 

0 

:  1 

2 

:7 

2 

:  6 

1    . 

:  1 

4 

:3 

3    : 

;2 

2|: 

2 

5 

:3 

7  : 

14 

15 

:8 

fl  +   1 

3  relation  which  is  graphically  expressed  by  a  rectangular  hyperbola.    This  cnrre  is 
in  general  the  form  of  transition  from  one  stage  to  another  in  cnmalative  resolution. 

Manffottie  oxides. — The  derivatiTes  of  manganic  dioxide  can  be  represented  as 
follows : — 

2iiMnO»— (n  -  I)0«  -  M««-0«-*«. 

Known  ratios  of  Mn  to  0  correspond  to  n^'d,  1,  1*2,  2,  3,  and  oo . 

Bummikic  niiratea. — ^The  occurrence  of  these  hitherto  obscure  compounds  is,  as 
has  been  stated,  easily  intelligible  on  the  principles  of  cumulative  resolution.  The 
action  of  water  on  normal  bismuthic  nitrate  is  necessarily  represented  as  containing 
throe  distinct  continuous  stages,  Tiz. : 

ii(Bi«0».3N*0»)-(ii- 1)NK)»  =  Bi*'0«-.N^»«0'«-^». 

Hence,  denitrating  thrice,  we  get : 

9  =  y  [BiK)».NK)'»] 
9  =  i^BiH)»N«0»] 
9  «  i^[BiK)«] 

In  the  first  stage,  ratios  are  known  tor  n^'l  and  1 ;  in  the  second,  for  fia2;  in 
the  third,  for  fi»f,  ^  |.  1  and  « . 

Silicates. — A  laxge  number  of  silicates  are  derivable  from  two  silicic  hydrates,  of 
which  the  second  is  the  cumulate  of  the  first. 

nH*SiO<-(i»-l)H«0  -  H2-*«i»0««*> 
9  «  y[H«SiO»l 
9  -  ^SiO«] 

After  the  first  cumulate,  the  second  series  is  yH9i"0*"'^>. 
For  the  mixed  series : 

*»fl«iO«  +  nH«iO«-(«i  +  n  -  2)H«0  -  H'-^^Si-^-O*-**^' ; 

whence  9  -  y[H*SiO*J3iO*]. 

The  following  minerals  are  members  of  the  series  referred  to : 

Series  1. — Feridote,  phenakite,  drcon,  almandine,  grossularia,  tetrethylic 
silicate  (nal). 
Analcime  ?  (n  » 1*3). 
Okenite(n«2). 
Hagnesite,  Labradorite  (na3). 

Diopside,  enstatite^  chlorophooite,  amphigene,  pyropbyllite,  tale, 
emerald,  diethylic  silicate  (n  =  oe  ). 
Series  2. — Anorthite  (n»6). 

Frem/s  hydrate  (na  1*6). 
I)iethylic  disilicate  (n  «  8). 
Doveri's  hydrate  (n  »  3). 
Mixed  Series, — Orthose  (n  »  4,  m  «  2). 

Analcime  (n=  —1,1^^6). 
Fuchs'e  hydrate  (n  s  « ,  m  »  oo  ). 

HoTitoloffy.— Taking  homologues  of  any  radicle  X,  we  have  in  general  X.OEE*". 
When  »  becomes  very  large»  X  becomes  insignificant ;  consequently  the  cumulate  in 
any  homologous  series  is  undistinguishable  in  composition  from  an  olefine.  The 
complexity  of  any  member  of  a  homologous  series  depends  on  Uie  value  of  n  and  the 
ratio  r  of  C  to  H,  these  being  its  only  variables.    In  Uiq  case  of  the  &tty  «lodt»^\a\ 

n 

'  "   2fi  -f  2* 
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a  hyperbolic  relation  between  r  and  n,  A  similar  relation  holds  jpood  in  all  honologooi 
genes  except  those  of  the  olefines,  where  r=s0'5.  Omitting  this  seriea,  it  obrioailj 
follows  that  the  physical  properties  of  homologooa  bodies  cannot  be  a  linear  fkaetioB 
of  their  symbolic  valae. 

Plant  Products, — ^When  a  living  plant  takes  np  carbonic  dioxide  and  water,  it 
loses  oxygen,  and  forms  cellnlose,  cannose,  glncose,  glucosides  and  other  prodnett.  If 
we  take  uie  equation : 

[(«  +  1)C0«  +  fiH«0]  -  (n  +   1)0«  -  C-*>HM)-, 

and  ^ve  snccessiye  integral  values  to  n,  we  obtain  the  ratio  in  cellnloae,  ttaaA, 
dextrin,  or  glncosan  (n^S),  hydric  kinate  (n»6),  cannose  (n»ll),  and  gioeote 
(w=:oo). 

Again,  the  composition  of  vegetable  add  bodies  cannot  be  reraeaentad  by  a  lower 
formiUa  than  GH'O,  nor,  according  to  Debns's  law  (Chem,  8oe.  Jour,  xix.  256),  by  a 
higher  one  than  (>H'*^0"^^  if  b  stand  for  *  basicity.*  In  systematic  woriu»  tkt 
general  type  of  the  formul»  of  these  bodies  is  OH*»"*'0". 

The  cumulative  equation  is  most  simply  constructed  thus : 

[«C0«  +  (ii-jp)HK)]-Op+«  =  OH*»-*0«--<^»>, 

0* 
whence  ^-^tipRH^,  the  ratio  -^  is  the  highest  permissible  in  any  fonnnla,  aoeoid- 

ing  to  the  law  referred  to,  H*  being  a  minimum.  It  appears,  then,  that  (GHK))  aad 
(CH'O*)  are  the  extremes  of  composition  for  vegetable  acid  bodies ;  their  eamfomii/m, 
therefore,  ranges  between  that  of  glucose  and  hydric  carbonate.  Glnooades  an 
intermediate  between  celluloids  and  acid  bodies.  The  extremes  of  composition  cC 
many  other  series  can  be  traced  in  a  similar  manner. 

Caramels, — The  results  of  the  organic  analysis  of  these  bodies  are  sndi  as  to  letd 
to  very  complicated  formul»,  which  cannot  be  regarded  as  established  oo  the  basis  d 
that  method  alone.  The  theory  of  cumulative  resolution  easily  oonnneets  together 
the  whole  of  these  hitherto  doubtful  substances.    Taking 

«C»«H«0"  -  (n  -  1)HK)  =  C'«»H«^*«0'»»+«, 

we  have  {D«i^»*H«»0»»,  »-C»«H»»0»  (Oaramelane),  » =  i^>«H»»0»,  Jl=r»C«W)« 
(Caramelene),  all  of  which  are  known.  Caramelin  seems  to  be  exactly  intermediiU 
between  9  and  9. 

Etherifioation. — ^The  formation  of  ethers  from  the  fifttty  aloohola  is,  in  effwt,  i 
dehydrating  process : — 

2OH*'+«0-H«0  =«  C^H*»+«0. 

Hence  9  »  wC?K*,  In  conformity  with  this  result,  we  find  that  the  action  of  oil  of 
vitriol  on  fatty  alcohols,  when  pushed  to  an  extreme,  yields  ethene  and  its  polymsride^ 
but  not  methene. 

Other  Systems  of  Oumulaiive  Resolution, — ^The  above  equations  all  beloi^  to  t 
simple  system  in  which  the  exponents  of  n  and  (n—m)  are  both  unity.  Bat  this  ii 
not  necessarily  always  the  case  that  system  being,  in  fact,  but  a  particnlar  instsaee 
of  a  more  general  one,  in  which  the  exponent  may  have  any  value  whaterer.  TUf 
more  general  system  may  be  expressed  as  follows : — 

«i»(A  )-  (»  -  «i)«(A^), 

where  (A«)  is  the  diapolyte  and  (A^)  the  apolyte.  The  cumidate  of  this  expressiai  it 
•D^yi^A*) — i^(A^),  representing  a  hodj  whose  composition  would  differ  inappneisUj 
from  (A  — A^).  This  kind  of  resolution  probably  occurs  in  many  caaee  of  npid 
destructive  distillation,  p  being  then  much  greater  than  g ;  but  no  instances  of  it  an 
exactly  known.  Other  systems  are  readily  conceivable,  if  we  affect  n  and  (•— •) 
with  other  mathematical  functions. 

The  complementary  theory  to  that  of  cumulative  resolution  is  that  in  which  the 
apolyte  is  regarded  as  undergoing  cumulative  composition.  This  process,  howsfvr,  ii 
one  from  which  apolytes  are  singularly  averse,  and  its  existence  at  present  can  oslj 
be  indicated. 

It  is  obvious  that  the  theory  of  cumulative  resolution — ^based  as  it  is  on  the  ""[Jf 
device  of  making  n  very  large  in  certain  chemical  equations, — Pleads  to  mnsmrnfuria 
of  considerable  practical  importance,  and  throws  light  on  many  problemsiHuch  do 
not  admit  of  direct  experimental  attack.  £.  J.  M. 

MiAXXB*      When  alcohol  is  poured  upon  a  mixtin 


vurKJELnanaoa  LU  VL  «AiUT8%  wnen  aiconol  is  poured  upon  a  mixtin 
1  mol.  cnprammonVum  mtca\A  ox  «vi\^Q»XA  «sA  *\  isi\\,  Vs^xks^^  ^sc^i;j(s«s«iak\a&3i-^tak 
within  tho  liqxud,  of  "vanoxiLB  dogcoea  oi  Vii\.%T^\::^^\rQ\>  xtfA>  ^tw&% ^Ttfwa^\t^>ai<^'^ 
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vesseL  Acetyl  chloride  and  benzoyl  chloride  become  stroDgly  heated  in  contact  with 
caprammonium  sulphate,  with  production  of  ammonia  and  the  corresponding  adds 
(Schwarzenbach,  Deut.  Chem,  Ges,  Ber,  yiii.  1231). 

CirPX080TBZ00&TC0&&ZC  ACZB.    See  Gltcoluc  Acids. 


For  the  method  of  detecting  this  base  in  a  mixture  of  bases,  see 

PULMT-BASKS. 


OVBCOmVB.    See  0iircHONA.-BA.8B8  (p.  496). 
CUBWAMXMm    See  Akgustuba  Bark  (p.  87). 
CVTOBB.    See  Vbqbtabiji  Tissubs. 

CYAMJLBKXnm,  GN.NH*,  or  CJJRBOBZZmBa,  C^^ .    This  compound  is 

most  conveniently  prepared  by  the  action  of  mercuric  oxide  on  thiocarbamide : 

eS(Nfl«)«  +  HgO  =  HgS  +   H«0  +  CN.NH«. 

Lerigated  red  mercuric  oxide — or  better  the  precipitated  oxide — is  gradually  added 
to  a  cold  and  not  concentrated  solution  of  thiocarbamide,  and,  as  soon  as  all  the  sul- 
phur is  removed,  a  drop  of  acetic  acid  is  added  to  the  filtrate,  which  is  then  evapo- 
rated on  a  water-bath.  The  residue  dissolves  almost  completely  in  ether,  and,  on 
evaporating  the  resultinf?  solution,  pure  cyanamide  is  left  behind.  An  excess  of 
mercuric  oxide  must  be  carefully  avoided.  The  end  of  the  reaction  is  easily  recog- 
nised by  dipping  a  small  piece  of  filter-paper  in  the  liquid,  and  moistening  it  with  an 
ammomacal  solution  of  silver  nitrate,  which  produces  a  dark  coloration,  as  long  as 
any  thiocarbamide  remains  undecomposed.  This  reaction  is  sufficiently  delicate  to 
serve  for  the  volumetric  estimation  of  thiocarbamide  (Volkard,  J,  pr,  Chem,  [2], 
ix.  24). 

Cyanamide  is  very  deliquescent,  and  on  evaporating  its  aqueous  or  ethereal  solu- 
tion it  remains  as  a  li(^uid,  which  solidifies  when  touched  with  a  pointed  body.  It  is 
but  sparingly  soluble  in  carbon  sulphide,  chloroform,  ethidene  dichloride,  ethyl  iodide, 
amyl  bromide,  and  benzene. 

Compounds  of  Cyanamide  with  Acids. — ^The  hydrochloride,  CN.NH*.2HCI, 
is  easily  obtained  by  passing  dir  hydrochloric  acid  into  a  solution  of  cyanamide  in 
pure,  dry  ether.  It  is  a  very  bulky,  white  cr^talline  powder,  which  crystallises  from 
water  in  large  plates ;  it  does  not  combine  with  the  chlorides  of  platinum  or  gold.  Its 
aqueous  solution  gives  with  silver  nitrate  a  precipitate  of  silver  chloride,  but  the  am- 
moniacal  solution  precipitates  yellow  silver  cyanamide.  Its  constitution  may  be  re- 
presented by  the  formula  HCl.CN.NH'Cl,  analogous  to  that  of  the  compound  of  hydro- 
chloric acid  and  cyanic  acid  or  carbimide,  HC1.GN.0H. 

The  kydrobromide,  CN.NH*.2HBr',  is  prepared  like  the  hydrochloride,  and  is  a  very 
similar  body.  The  mtratCt  obtained  by  passing  a  mixture  of  air  and  nitric  acid  vapour 
through  an  ethereal  solution  of  cyanamide,  and  evaporating  the  solution  in  dry  air,  is 
crystcJline,  but  very  unstable  (Drechsel,  J,  pr,  Chem.  [2],  xi.  284). 

Metallic  Derivatives  of  Cyanamide, — The  sodium  compound,  CN.NHNa,  is 
formed  by  adding  sodium  to  a  solution  of  cyanamide  in  ether,  but  it  is  more  conve- 
niently prepared  by  adding  to  a  cold  solution  of  1  pt  of  sodium  in  15  of  absolute 
alcohol,  an  alcoholic  solution  of  2  of  cyanamide  in  small  portions.  The  bulky  preci- 
pitate soon  changes  into  a  crjrstalline  powder,  which  may  be  washed  with  ether.  It 
18  a  very  fine,  light  powder,  dissolving  in  water  with  evolution  of  heat. 

When  heated  it  melts,  and  then  decomposes : 

8(CN.NHNa)  =  SCNNa  +  N«  +  NH». 

Heated  with  a  small  quantity  of  toater  in  sealed  tubes,  it  yields  urea,  sodium  carbo- 
nate, and  a  small  quantity  of  carbamate. 

Its  aqueous  solution  gives  precipitates  with  metallic  salts,  the  reaction  with  silver 
nitrate  being : 

CNJ^HNa  +  2AgN0»  =  CN.NAg»  +  NaNO»  +  HNO». 

Potassium  forms  a  similar  compound. 

Silver  cyanamide,  CN.NAg',  obtained  by  precipitating  an  aqueous  solution  of 
cyanamide  with  ammoniacal  sUver  nitrate  (2nd  Suppl,  404),  is  soluble  in  nitric  acid, 
nearly  insoluble  in  cold  aqueous  ammonia,  but  soluble  in  the  hot  liquid,  fix>m  which 
it  crystallises  on  cooling  in  microscopic  needles,  some  of  the  cyanamide  being  at  the 
same  time  converted  into  dicyanodiamide. 

Barium  eyananUde  is  obtained  as  an  amorphous  precipitata  on  iinxii\%  wA'ts^.vsiA  <:& 
baijta  And  cfaDamide  in  methyl  alcohol. 
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OapptT  cyanamide  in  obfuiaed  as  a  bbLClEiBb-bnnni,  ftmoriiboi 
solntionB  of  copper  aixt&le  suil  cj'anamide  are  mixed.    It  is  re«4i^  < 
and  in  ummotiia,  and  an  oiposing  the  iftttcr  eolation  to  the  air.  th* 
rates  in  indistinctly  crjatalline  globular  masses.     An  ammoniacai  Bolntion  el      _ 
chloride  gives  'with  c^anamide  a  vhito  precipitntn  vhich  blackeoa  in  the  air. 

Ltad  a/anantiile.  CN.XPb.-^Cjaiianiide  preclpitaI«B  nmther  nomal  nor  bHisi 
MBtoM,  bnt  on  adding  a  few  drops  of  ammonia,  a  jeUovisb  amorphon*  p 
fanned,  which  soon  becomes  crjstallino  and  Icmon-jellov,  fonning  taltt 
lead  iodide. 

A  nlntion  of  tltallium  oxide  girea  no  pTeeipitate  with  cyanomlde,  ftud 
merourio  chloride  only  a  small  (jnnntit;  of  a  white  precipitate  (Drecbsel,  * 

Xirmric  Oyaaamidf,  CN'Bg,  U  obtained  as  awlutaprecipitala  tiT  " 
amide  with  mereorio  chloride  and  a  Uttlo  potash,  or  on  u  solution  of  i . 
freshly  precipitated  meicnrie  oiido  (B.  E^l,  Bidt.  Soe.  aim.  [8],  xxiv.  909). 

lieaationa  0/  Cyanamide. — 1.  Cynmnnide  decompoeed  by  the  eWtiie  o..  _ 
yields  hydrocyanic  acid,  tc^ether  with  otler  products  (K  Unlder,  Deut.  Chtm.  Om. 
Bur.  vii.  1634). 

2.  Naicttit  kudrogm  acts  slowly  on  cyanamide,  producing  aminonia  and  roetbylaou'i^ 
NH'CS  +  3H"-  SH'  +  CH'N  (Drechso!,  J.  pr.  Chem.  [2],  li.  284). 

3.  Acetyl  chloride  conTerla  cyanamide  into  acetyl-cyaaamide,  CN.KHfOHKJ 
vhich  however  has  not  been  obtained  pore  (Drechsel,  J.  pr.  Chem.  [2],  viii.  331). 

i.  Bensogl  cUoride  and  cyanamide  do  not  act  npon  each  othei  either  in  piiaim  1 
ether  or  when  heatol  together  ;  but  benzoyl  chloride  and  dry  iodiam-eya»atnit,  bcriB 
[<igiil her,  give  benzoyl-ammelinc,  bensonitril,  carbon  diolide  and  Bodiomcblorid*.  Bn 
soyl-ammeline,  C'H'N'O" ^ C'N"{OC'fl'0)(NH')'.  is  ayellow  tnMa  euily«ai«U 
in  oicobal,  beosenB,  Hoda'ley,  and  acetic  acid,  epiuingly  soluble  in  ether,  insalabl*  i 
water.  Over  snlphnric  acid  it  shrinks  together  to  a  brown  resinoos  body.  fia>t«ilini 
stream  of  hydrogen  it  is  resolved  into  cyanamide,  banionitril,  and  carbon  ''    '* 

Beniioyl  chloride  and  sodinm-eyanamide,  acting  on  one  another  in  presance  e     . , 

form  sodium  chloride  and  benzoyl-cyanamide,  CN.NR(CH'O),  wbieh  bovgt« 
qnicUy  decampoeea,  and  partly  eeparates  into  carbon  dioxide,  benzooitril,  and  rj\>- 
amide ;  bat  by  prolonged  digestion  of  its  ethereal  sototion,  it  is  partly  converted  iau 
tcibeiiEoyl-nielamine  (see MiLiutMB).  Bensoyl-cyanamide  mixed  with  wJism 
ethylate  in  ethereal  selulion  gives  sodium -benzoyl  cyanamide,  CN'.NNafCH'O),  w!ii4 
is  resolved  by  heat  into  sodium  cyamate  and  benzonitri!  (Qcrlich.  iTl  it.  CjUn.  [ JL 
xiii.  370). 

b.  With  Ethyl  oxalate. — Cyanamide  dissolves  with  oxalic  ether,  sparingly  at  udt 
nary  temperatnies,  saaily  and  without  decompositJon  at  the  heat  of  the  water-!    ' 
(even  in  presence  of  a  snudi  quantity  of  water).  But  when  the  two  bodies 
ore  heated  li>geth«r  to  110°  in  an  open  tabs,  or  in  a  retort  fitted  with 
aoUan  gradu^Iy  takes  plsco,  becoming  violent  if  iJie  temperature  is  rused  t« 
The  best  product  is  obtained  when  the  reaction  Roes  on  slowly,  and  an  exM 
oxalic  ether  is  used  (about  4  grams  of  the  elber  and  i  grama  (rf  <7BDamide). 
product  having  been  washed  with  alcohol  (undecamposed  OTanamide  paaiing  ml 
filtrate],  there  remains  a  faint  yellow  body  which  may  be  healed  witnont  dseoa 
Uon  to  150°  (in  contact  with  oxalic  ether  even  to  185°),  and  dilsolTai  in  polai 
carbonate,  from  which  it  is  Lhmwn  down  by  nitric  acid  aa  a  bulky  cokmrlon  pc 
tite,  soluble  in  excess  of  the  acid.    This   body   is  decomposed  by   haatinc  wS 
dilute  salnhuric  add,  hydrochloric  acid,  acetic  acid,  and  even  with  water,  in  vluell  k 
is  insoluble.    At  a  red  heat  it  does  not  melt,  but  is  converted  into  a  brown  pndi 
which  bums  away  with  difficulty.    The  yellow  body  has  die  compontion  of^moi 
formomelainine,  and  its  formation  may  be  represented  by  tlie  equation; 
CO.OCH'  (NB' 

3(NH=-0N)  +    I  -   CNNNKOOH   +   CO(0(?H'l* 

CO.OCH'  (nh' 

GyBauaidD.         Oxalic  ethur.  FormDinclmafjie.  Cutoiiic  nttifir 

the  reaction  betwsen  the  oialio  ether  and  the  eyunamide  being  suppoMd  to 
attended  with  polymerisation  of  the  latter  (E.  Mulder,  Deai.  Chrni.  Gu.  Btr. 
1631). 

S,  Cyanaatide  boiled  wilh  a  concentrated  solution  of  aUofiin^m,  rielda  iso4, 
acid,  C'H'N'O',  which  is  deposited  in  the  form  of  a  heavy  powder  (unldar.M. 
1233).  ^  r-  V 

7.  Ai}tvm  of  ^cuij.— Cyanamide  broUEht  in  contact  with  conoeatr*t«d 
acid  gives  rise  to  an  eiif\oenB  aCliotv.  ^\\\*  atfi^'isme  wi'A.Ki'bah 
Voltimo  of  WiitiiC,  so  uiUEU\i.i:a\,\B4ii'!QLov*^^^^'^''^  «i\i\.'aitt\«ia. 
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of  cyanamide  hat  been  employed,  the  liquid,  on  cooling,  depotite  a  white  amorphoos 
precipitate  of  a  mm  elide,  acid  ammonium  eolphate  being  formed  at  the  same 
time: — 

6CH»N»  +  3H«0  +  3H«0«  =  C^*N»0»  +   3(NH«Ja^0«). 

Bat  only  a  relatively  small  quantity  of  cyanamide  is  decomposed  in  this  -way,  and 
when  an  excess  of  siQphuric  add  is  used,  uiis  decomj^tion  does  not  occur.  In  either 
case  the  greater  part  of  the  cyanamide  is  converted  into  urea,  whilst  yariable  quanti- 
ties of  dicyanodiamidine  are  also  produced. 

The  same  products  are  obtained  with  6  per  cent,  sulphuric  add,  and  with  mode- 
rately concentrated  phosphoric  add.  Hydrochloric  acid  produces  dicyanodiamidine, 
and  probably  also  urea,  but  the  presence  of  even  a  small  quantity  of  dicyanodiamidine 
greatly  interferes  with  the  detection  of  urea. 

Wnen  hydrogen  sulphide  is  passed  into  a  solution  of  cyanamide  in  anhydrous 
ether,  thiocarb amide,  GS(NH')',  separates  in  shining  crystals.  The  reconversion 
of  tbis  latter  compound  into  cyanamide  may  be  effected  ojy  agitating  its  alcoholic 
solution  with  recently  precipitated  and  well-washed  mercuric  oxide,  to  which  a  few 
drops  of  hydrochloric  add  have  been  added  to  neutralise  the  last  traces  of  alkali. 
The  desulphuration  is  completed  in  a  short  time,  and  the  filtrate  contains  nothing  but 
cyanamide  (Baumann,  BetU.  Chem.  Gee,  Ber,  vi.  1373). 

8.  Polffmerieaticn. — a.  Cyanamide  heated  to  150^  in  ethereal  solution,  or  to  a 
highertemperaturein  the  dry  state,  is  converted  into  dicyano-diamide,  0^^(NH*)' 
(ii.  189). 

Cyanamide  is  also  converted  into  dicyanodiamide.  3.  By  heating  it  with  water 
or  with  dilute  alkalis ;  concentrated  alkalis  decompose  it  (Baumann,  DeuL  Chem,  Gee. 
Ber,  vi.  1371).    y.  By  heating  it  in  aqueous  solution  -with  potaaeium  nitrite : 

4(CN.NH»)  +  2N0«K  =  200«K«  +  2HH)   +   2N«  +  C«N^NH»)«. 

8.  Cyanamide  heated  with  acetamide  hsAeXcohol  does  not  yield  acetyl-guanidine,  as 
might  be  expected,  according  to  the  reaction,  CN.NH*  +  C«H»O.NH»  =  N»(a».H*.0*H»0), 
but  only  dicyanodiamide,  the  acetamide  and  alcohol  acting  on  each  other  so  as  to 
form  acetic  ether  and  ammonia. 

ff.  Sodium-cjranamide  heated  with  ethyUe  numoehloraeetate  and  alcohol,  might  be 
expected  to  yield  cyamidacetic  acid,  according  to  the  equation : 

CHKJl  CH«(CN.NH) 


CN.NHNa  +    I  -  Naa  +    I 

OO^C^H*  CO«C«H* 

but  instoad  of  this,  the  group  CN.NHNa  is  converted,  by  polymerisation  of  the  organic 
molecule,  into  CH*H*Na,  which  reacts  in  like  manner  with  the  chloraeetio  ether, 
forming  melidaceticacid,  (C^'H*)CH'.OOOH,  i.e.  acetic  add  in  which  1  atom  of 
hydrogen  is  replaced  by  meliunide,  C*N*H*  (or  meUunine,  CN'H',  minus  an  atom  of 
hydrogen) : 

CH«C1  CH«(C»N«H») 

C»N«H»Na  +    I  =  NaCl  +    | 

CO«C«H»  CO«0«H» 

Melidaoetio  acid  is  a  white  chalky  powder,  dissolving  but  sparingly  in  cold 
water,  slowly  but  freely  in  boiling  water,  insoluble  in  alcohol  and  ether,  somewhat 
poisonous.  From  the  boiling  aqueous  solution  it  crystallises  by  slow  cooling  in 
-white  needles,  bv  quick  cooling  in  silky  plates.  Like  other  amido-adds,  it  unites 
-with  adds  as  well  as  with  bases. 

The  hydrochloride,  G*H*N*0'.HC1,  is  slightly  soluble  in  cold,  more  freelv  in  boil- 
ing water,  and  crystallises  in  brilliant  white  needles  which  are  insoluble  in  concen- 
trated hydrochloric  add.  The  nitrate,  0*H*N*0*.NO*H+H'0,  crystallises  in  small 
brilliant  rhombic  plates,  is  nearlv  insoluble  in  cold  water,  but  dissolves  ireely  in 
boiling  water,  and  deflagrates  when  heated.  On  adding  silver  nitrate  to  its  hot 
solution,  the  compound  0*H*N*0*J70'Ag+HK)  separates  in  white  needles,  which 
dissolve  readily  m  hot,  but  are  almost  insoluble  in  cold  water.  The  eulphaie, 
(G*H*N*0')'.SO*H*,  crystallises  from  hot  water  in  large  thick  prisms.  The  phoephate 
separates  from  a  hot  solution  in  needles. 

The  melidacetates  of  the  alkali-metals  are  easily  soluble  in  water,  and  are  predpi 
tated  by  alcohol  as  crystalline  powders  (Drechsel,  J.pr.  Chem,  [2],  xi.  284). 

IMoyanodlamlde,  0^*R\  or  HN=C^^]^C=NH.      This  polymeride  of 

cyanamide  (formerly  called  Param)  is  formed,  as  above  stated,  by  heating  cyanamide 

either  alone,  or  m  ethereal  solution,  or  with  water,  or  wiOi  dilutA  WAA!ii^,   '^KVvk^ 

heated  it  melts  and  givee  off  ammonia,  and  on  incieasiiii^  tAiA  'Vins^.^insA^  vsmissc^ 
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eectLpoB,  a  wbLte  ccyotalliae  sulilimate  forma,  and  a  yrilow  reniduo  la  left, 
of  mel&mine,  CH'N*  (Drecheel,  J.  pr.  Chenu  [S],  liii.  380). 

jTt/mta-dicgaiuidianiidc,  O'S'R'A.g,  according  to  Haag,  CN'H'Ag*. 
Engel,  is  obtai[ied  b^  UeaSiog  dicy&nadiiLmide  iritb  ailver  nitrate,  and  adding  i 
(not  in  exeosa)  or  potasb,  to  tho  prodactg,  as  a.  wbits  predpitate  wlabk  ia 
The  mercuria  coKipeund,  CN'H'Hg,  formed  on  adding  msrouric  cblorida  oi 
patiiah  to  dicjuDodiamide,  in  a  white  bod;  apuingl;  soluble  in  acetic  acid,  m 
ID  hjdrocblorio  acid  (Engel.  Bull.  Son.  Chim.  [Z],  x=v.  272). 

UloyanodlamialiiB,  CN'H'O  =  HNr^^^'cO  fjH,  (HMft  i«Vi 
cxxii.  22  i  Baunanu,  Dent.  Chtm.  Ga.  Ber.  Til  446,  1796}.  Thii  basa  is  fmuil  tr 
tbfl  acCioa  of  dilnto  acids  on  dicjunodiatuide.  CN-U'  +  H<0 -C^'U'U ;  kbe  tf 
fiuiug  tbe  corboData  or  oCbu'  salt  of  gnanidine  with  urea : 


HN^C<;j 


NH-    *  HN=C<«g,(^j,.H, 


Tlun  reaction  estAblishes  the  coaBlJtutioiiiit  fomiiUa  of  dicjanodiuniditw  (fiut  np- 
geated  bj  Streckei],  and  moreuvec  oSbcds  the  mdieet  mode  of  pEvpariag  tL 
2-H  pta.  of  dry  nrea  are  boated  to  1dO°-16U°,  with  1  pL  of  Sij  gaut- 
dina  carbonate  (the  other  gaiuiiciiDB  salts  do  not  give  good  rtaolca):  tlie  miailiv 
dicyanodiemidiae  is  separated  from  other  [iroducts  of  decompoaitioD  of  htm  m 
goanidine,  by  diaMolviiig  the  tnell  in  water,  adding  a  little  cauEtic  anda,  and  tlMB 
ouprlc  sulphnte,  aa  long  as  the  roae-eoloured  precipitate  thereby  formed  eontu 
increaee ;  and  the  precipitate  is  collected  ou  a  filter,  waahed  and  pnriBed  bjoa 
urjataUiaation,  whereby  it  ii  obtained  ia  microscopic  cryatols.  Thia  compoi"  '  ' 
compoted  by  hydrogen  aalphide  yields  dicjanodiamidine  (BaomanD). 

The  snbetitated  guaoidtDes  when  ftued  with  urea  appear  to  yield  anbotitaliat* 
deriTutives  of  dicjaaodiamidiae. 

The  free  base  may  be  obtained  by  decomponing  the  hydrochloride  witJ)  lilnf  > 
oiide;  it  ia  etronglji  alkaline,  and  absorbs  carbonic  anhydride  from  (iie  air.    "D" 
Bolutiou,  evaporated  over  sulphuric  acid,  gives  frygtab  TuaembliDg tboee  of  utm;  Hi 
are  easily  soluble  in  alcohol,  and  theadditiou  of  ether  Co  the  eolulioa  prodacea  a  alj^ 
ciystallme  pNcipitate. 

The  naitraL  carbonate,  (C>H'N_'0")'H!CO',  is  formed  by  decompoaiiig  a  emei 
tinted  solution  of  the  sulphate  with  barium  carbonate  anspended  in  wato.  (I 
evaporating  the  solution  over  sulphuric  acid  till  it  beeomn  a  syrup,  needli*  ■ 
deposited,  which,  however,  cnnnal  be  separated  from  the  motber-liqiior  in  a  ilata  I 
for  analysis.  If  the  aoluljon  of  the  carbonate  ia  eTapaiat«d  at  100°,  ammuoiaii 
carbonic  anhydride  are  given  off;  and  the  addition  of  alcohol  throws  down  ciTiilalS' 
gnanidine  carbonate,  CN'U'.H'CD*,  easily  soluble  in  wat''r.  but  onlj  alighlh 
soluble  in  aJcuhoi;  they  are  identical  with  those  which  Ilaag  deacribe<i  a*  b^FdnM 
dicyiinijdiumiuo.  Tliis  decomposition,  which  takes  place  slowly  at  ordinary  tampca- 
turcs,  is  repreacDtod  by  the  equulioa 

( a ^=^<^^;cQsmf-^'^'  +  2H=0 -  ( HN^zC<JJ^;)',H'CO'  +  2C0"+  SMff. 


The  Bsid  oarUmate,  or  dicarliMaU,  C^B'O.H'CO*,  is  fomod  whoo  carbonic  «b^ 
drido  is  passed  into  a  modumtcly  dilute  solution  of  the  neatinl  carbonate,  and  aMl* 
down  gntdually  in  the  form  of  u  cryatalline  precipitate,  which  may  be  pnriMIij' 
washing  it  on  a  GItvr  with  alcohol,  and  drying  it  over  enlpburic  acid.  Undctdk 
microscope,  it  appears  to  be  made  up  o£  slender  concentrically  grouped  necdin.  Ilil 
sparingly  soluble  in  water  (in  160  pts,  at  18°).  permanent  in  iej  air  at  ordinaiyu' 
peratures.-but  is  rosolvad  by  prolonged  healing  at  10l)'',into  neutml  dicyanodiataili 
carbooate  and  goanidine  carbonate,  together  with  carbon  dioxide  and  ammaaia : 

4(C'H'S'0.H'C0')  ~  {(PH'N'O)'.H'CO"   +   (CH'N')'H'CO'   +   CO'   +   tSB'. 
When  boiled  with  water  it  is  decomposed  in  the  same  mansoi  aa  the   ssnlnl  osri 

The  campooDds  of  dicyanodiamidine  with  the  stroo^r  acids  are  vary  »Ukia.  ■ 
undergoing  the  slightest  decomposition  when  their  aolntiona  are  boiled,  or 
are  treated  with  mBrcuric  oxide.  When  mixed  in  acid  solution  wtUi  ^kiIiimJi 
and  evaporated  over    the  water-bath,   they  ore   decomposed,   with    '~ 
guanidine,  according  to  the  oquutJoli : 
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of  barium  hydrate,  barium  carbonate  is  precipitated,  ammonia  evolyed,  and  the  clear 
solution  on  evaporation  yields  urea — 

(?H«N*0  +  2H«0  =  CN«H*0  +  C0«  +  2NH». 

DiQranodiamidine  sulphate  and  hydrochloride,  when  heated,  completely  decompose 
into  ammonium  salts,  ammonia,  and  a  white  amorphous  body,  slightly  soluble  in 
cold,  easily  in  hot  water,  and  possessing  feeble  basic  properties.  It  is  soluble  in  acids 
And  alkalis,  forming  crystalline  compounds  with  the  first,  which,  however,  are  easily 
deeomposed. 

CTAVATSB.  Metallic  cyanates  admit  of  two  modifications  analogous  to  those 
of  the  cyanic  ethers  (1st  Suppl,  619),  euf, : 

N=C— 0— K  or  0<^^  0=C=:N-K  or  N^^ 

Nonxud  Qyanate.  ItoojaiiAte. 

Of  the  normal  cyanates,  only  one  is  at  present  known,  vis.,  the  potassium  salt, 
which  Bannow  obtained  by  the  action  of  caustic  potash  on  cyanogen  chloride : 

CN.a  +  HOK  -  Ha  +   CN— OK; 

also  by  the  action  of  potash  on  paracyanogen,  and  l^  heating  the  ordinary  equate 
wiUi  (^yanogen  iodide  (2nd  Suppl,  405).  It  crystallises  from  alcoholic  solution  in 
long  thin  UMdles,  whereas  ordinary  potassium  cyanate  crystallises  in  scales  resembling 
the  chlorate.  Its  mode  of  formation  shows  that  it  contains  the  group  GN,  and  has  its 
metallic  element  united  to  the  carbon  through  the  medium  of  oxygen,  a  constitution 
analogous  to  that  of  the  normal  cyanic  ethers.  Hence  it  follows  that  the  ordinary 
potassium  cyanate  and  the  other  metallic  cyanates  are  isocryanates  or  derivatives  of 
earbimide,  containing  the  group  CO,  and  having  their  metallic  element  united  to  the 
carbon  through  the  medium  of  nitrcgen. 

Hydrogen  cyanate  or  cyanic  acid  is  known  in  one  modification  only,  and  as  this  is 
produced  by  reactions  analogous  to  those  which  give  rise  to  the  ordinary  metallic 
emanates  (ii.  190),  it  is  most  probably  isocyanic  acid,  or  earbimide,  GO=::N — H.  On  the 
constitution  of  cyanic  acid,  see  further  Fleischer  (Deut.  Chem,  Ges,  Ber.  iz.  4S6) ; 
Michler  (ilnd.  715);  Glaus  (ilnd,  721);  also  Chenu  8oo.  J.  1876,  ii.  73,  288  ;  Jahresb, 
/.  Citm,  1876,  808. 

PreparaHon  qf  Potassium  (M0)C^afMito.-— The  following  modification  of  Liebig's 
well  known  process  for  the  preparation  of  ordinary  potassium  cyanate  has  been  pro- 
posed by  G.  A.  Bell  (Ch&m,  Neufs^  zzxii.  99).  Four  parts  of  perfectly  dried  and  finely 
pounded  potassium  ferrocyanide  are  intimately  mixed  with  three  parts  of  dir  and 
pulverised  potassium  dichromate.  A  small  quantity  of  this  mixture  is  placed  in  a 
porcelain  or  iron  dish,  the  temperature  of  which  is  then  raised  until  a  tinder-like  com- 
bustion takes  place,  and  the  mixture  blackens,  which  happens  considerably  below  a 
zed  heat.  The  rest  of  the  mixture  is  then  thrown  in  by  small  quantities  at  a  time, 
each  successive  portion  being  allowed  to  blacken  completely  before  it  is  covered  by 
the  next.  This  is  necessary,  for  if  air  be  excluded  during  the  combustion,  a  consider- 
ablequantity  of  potassium  cyanide  will  be  found  unoxidised. 

When  all  the  mixture  has  been  added,  the  dish  is  allowed  to  cool.  The  result  of 
the  reaction  is  a  porous  friable  mass,  from  which  the  cyanate  may  be  extracted  with 
boiling  alcohol.  To  diminish  as  much  as  possible  the  loss  from  conversion  of  the 
cyanate  into  carbonate  during  boiling,  and  also  to  economise  alcohol,  it  is  advisable 
to  add  to  the  latter  at  each  boiling  only  about  as  much  of  the  mixture  as  can  be 
thoroughly  exhausted  by  it.  The  crystallisation  of  the  cyanate  may  be  hastened  by 
immersing  the  vessel  containing  the  alcobob'c  solution  in  cold  water.  In  a  favourable 
experiment  the  resulting  cyanate,  equal  to  about  42  per  cent,  of  the  dried  ferrocyanide, 
contained  less  than  1  per  cent,  of  impurity. 

To  obtain  the  insoluble  cranates,  lead,  silver,  &c.,  it  is  only  necessary  to  exhaust 
the  black  mass  with  very  cola  water,  remove  the  chromate  and  unaltered  ferrocyanide 
with  barium  nitrate,  ana  finallv  to  precipitate  with  a  nitrate  of  the  metal. 

From  the  above  aqueous  solution  urea  may  be  prepared  by  the  addition  of  4^  pts. 
of  ammonium  sulphate,  evaporation  to  dryness,  extraction  with  boiling  alcohol,  &c, 
or  better  with  amylic  alcohol. 

Ally  I  Isooyanate  or  Allyl-carbimide,  GO=:N — CH*,  is  formed,  together 
with  BQoium  monosulphide,  by  uie  action  of  sodium-amalgam  on  allyl  thiocyanate 
(BiUeter,  Deut.  Chem.  Oes.  Ber,  viii.  464). 

Methyl  Isooyanate  acts  on  methyl-succinimide,  with  formation  of  ill-defined 
products.  Ethyl  isooyanate  does  not  unite  either  with  methyl-  or  with  eihyl- 
gaednimide  (MeDachntkm,  JPHerth,  Acad,  JBttU.  xxi.  Vi\. 


I 
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Piiudepropyl   Cyanati.   CfJ.O.CH(CH')',  obl^ned   bj-  t 
with  eilTor  Pjaoftte,  boik  at  ^^■'  (Silva,  BaU.  Soc.  Odm.  [a],  i»U.  87). 

Phenvlic   Uocyanoehtoride,    C'H'— N=Ca',  is  formed    by  ■ 
goIutioQ  of  phenyl  ieocyftQale  in  chloroform  witJi  chlorine  -. 

CH'— N— C=^  +   4C1   =  SCI'  +   CH'— N=Ca*. 
Tb a  product  is  a  velloiriBh  henvy  liquid  bcnling  at  311°-313°,  and  sm 
pnDg^nt  vnpaw  •l^hich  Tiolently  attacks  Che  mucous  mombraoea.     It  at 
glaaal  acetio  acid,  with  evolutiao  of  HCI  and  CO*,  and  formatioQ  of  uetk 
phoiyl  isocjranata,  and  ultiinatelj  acetanilide: 

C'H'.KCOI*  +   CH'O.OH  -   CH'OCT   +   BO  +   CH'JiCO 
and   CH'-NOO   +   C'H"O.OH   =   CO'  +  CH".NH((?H'0). 

Phenjlic  isocyanochloride  is  TiotenUy  attacked  b;  dry  rUtw  oxide,  with 
uf  phonyl  iaocyaaate,  nod  partial  carbonisation.      By   kydnye*  •"' 
chloride  ia  completely  reconrerted  into  phenyl  ieotyonate.     With 
chlorids  yiolds  on  isomeride  of  tripbenyl-cuanidiue,  the  hydrocblilaf 
cryitsUiDes  &oia  oquoous  alcohol  ia  smal]  white  lamina  melting  a,i  307° : 
C-H'.NCO'  +   2(C'H'.NH')  -   2HC1  +   O-H'J«0[NH(CI 

Fhenylic  isocyonochloride.  banted  to   100°   in  sealed   tubes  with 
diphenyl-carbamidD,  CON'MXC^*)*,  and  aniline  hydrochloride;  witi 
riiyiatoifaiit  jiflldathephenyliouretbanes,  CO<;^^,jj,  and  CO<.,^jjj^^ 
with  Beparation  of  HCI  and  CH'CI,  or  C'H'CT. 

In  ths  prepumtion  of  phenylic  isocyouachlaride,  more  highly  chloniial«d  pn 
are  also  formed.  Thus  on  treating;  a  product  not  puriGed  by  factional  dislil 
with  aqueous  ammonia,  the  compound  C*H'C].I4C(0U)(NH-)  was  formed,  indii 
the  presence  of  n  chlorinated  pUcnylic  isocyanochloride  in  the  crude  prodneu. 
CTyatallised  in  white  plates,  and  yielded  chloraniline  when  distilled  with 
(Sell  a.  Zierold,  Oeul.  Chtm.  Gee.  Btr.  t" ' 


.  I2ZB> 
■iiBs,  CN— 


-H. 


Colour-TiaeHons  of  Tiioeffanic  acid.—TSnaj  aubstuicee,  chiefly  o^anie,  as  n 
wood,  cotton,  eillc,  skin,  horn,  fee,  produce,  with  free  thiooQiaaie  acid,  a  red  oolotaia 
eimilar  to  that  produced  with  ferric  salts :  hence  in  testing  for  iron  with  jiotasM 
thiocynnalB.  care  must  be  taken  that  the  solutione  employed  aie  oentTal  (Uiqott,  St 
Soo.  Ckim.  [i],  mi.  442). 

Eeaetioiu  iff  ThuKyanio  acid  and  Ui  lalts  viiiA  Monoehlaraaiie  add. — ^TTtwirh 
thiocjaoate  and  chloracetio  acid  act  strongly  on  one  another  when  gantty  hut 
togBther.  forming  rhodanic  acid,  CH'NS'O  (;.  v.).  a  ciystalliDS  nibit>nra,fi 
slightly  soluble  io  cold,  moro  freely  in  hot  water,  eamly  soluble  in  alcohol.  «4 
ammonia,  and  in  the  fixed  alkalis  and  their  carbooatee.  lis  formation  aiipMn 
take  place  in  the  manner  represented  by  the  equaljon  : 

2CSSXH'  +  CH'CIO'  +  H=0  =  CH^iS'O  +  8KH*  +  CO*  +  HO. 
The  aame  compound  is  formed  by  the  action  of  chloracetic  add  on  o 
(Nencki,  J.  pr.  Chm.  [2],  ivi.  1). 

When,  on  the  other  hand,  chloracetic  acid  acts  on  free  thiocyanic  add,  tba  pndMl 
fionsisWofcarbaminlhiacoticaeid,  CH'NSO': 

CNSH  +   C1.CH*.C00H  +   H^K)  =  HCI   +   NH'.OOS.CH'.COOH. 
This  acid  is  soluble  in  alcohol  and  ether,  molta  at  143",  and  when  haat«d  y 
thioglycollio  acid.    Nona  of  its  metallic  salts  bare  bei'u  obtained.     In  cold  Hjt 
aolntioD  it  is  easily  resolved  iato  cyanic  and  thioglycollic  adds  (Nencki). 

When  chloracBtic  acid  is  heated  with  thiocyanic  acid  and  aniliiie  in 
Bolutios,  the  following  reaction  t^es  place: 

CH'NH'  +  CNSH  +   CLCH'.COOH   .  HCI  +  G'H"N'30'. 

C'H^N^O'  thus  obtained  forms  ctyatals  which  under  the  Kit 
scope  exhibit  the  form  of  long  flattened  prisms,  apprirently  orthorhomhie.  Ii 
iasoluhte  in  cold  water,  moderately  aoluble  in  hot  water,  sparingly  in  etber.  Il>W 
treated  with  thiocyiknic  aad  cbloracetic  acids  yields  tbe  homologaua  cemo) 
CH'^NtiO',  which  Bihibita  similar  properties  (J.  H.  Jager,  j",  pr.  dim.  [ifi 
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•  water-bath  to  about  80^  gases  aze  given  off  consisting  of  hydrogen  cjanide  and 
carbon  ozysnlphidc^  with  smaller  qnantities  of  carbon  dioxide  and  hydrogen  sulphide, 
and  the  liquid  solidifies  to  a  ciystamne  mass  consisting  of  ammonium  acetate,  acetamide, 
and  acetjl-perthiocyanic  add,  C^C<HK))N%* : 

8(ONSjra*)  +  2(C«H«0)*0  =  C«H(C?H»O)N«8«  +  O»H»O.NB?  +  2(C«H»O«.NH0  +  CNH 
and  dNaNH*  +  0«H»0«JJH«  -  CPH»O.NH»  +  COS  +   2NH«. 

When,  on  the  other  hand,  ammonium  thiocTanate  and  acetic  anhydride  in  equal 
numben  of  molecules  are  heated  together  to  nearly  the  boiling  point  A  the  latter,  no 
acetyl-perthioqyanic  add  is  formed,  but  the  liquid  becomes  turbid  from  separation  of 
vnlphur,  and  on  continued  heating,  small  quantities  of  unaltered  acetic  anhydride  and 
carbon  disulphide  distil  over;  uie  temperature  then  rises  quiddy  to  218^-220*', 
ammonia  is  given  off^  and  the  crystalline  distillate  consists  idmost  wholly  of 
acetamide. 

Ammonium  thiocTanate,  gently  heated  with  acetic  acid,  Ukewise  yields  acetyl*per- 
thiocyanie  add : 

8CNSH  +  0»H*0»  -  C«H(C«H»0)N««  +  ONH  +  H«0. 

Ammonium  thiocyanate  and  fused  bmjgoie  acid  heated  together  yidd  nothing  but 
hydrogen  sulphide  and  benionitril  (Nendd  a.  Leppert,  JDeut,  Chem,  Gea,  Ber,  y.  902). 

llonVto  Milts  of  Ammonium  TliiooTaiiate  (A.  Fleischer,  Licbig^s  Jnnalen, 
dzxiz.  226). 

Ammonio-mercurie  Thiocyanate,  fig(0NS)>2NHH:;NS.— When  yellow 
mercuric  oxide  is  added  to  a  hot  aqueous  solution  of  ammonium  thioqyanate,  and  the 
liquid  quickly  filtered  while  hoty  it  depodts  tabular  crystals  of  the  compound 
4Hg(CNS)*.ftNH'.2HK),  which,  when  boiled  with  water,  is  converted  into  mercuric 
oxvthiocyanate,  HgH)'N*S*0*»Hg(CNS)'.3HgO*  This  last  compound  decomposes 
with  explodve  violence  when  heated.  On  dissolving  it  in  an  aqueous  sdution  of 
ammonium  thiocyanate,  or  on  heating  mercuric  thiocyanate  with  the  same  solution, 
ammonio-mercurie  thiocyanate  is  obtained  in  monodinic  prisms. 

AmmoniO' argentic  Thiooyanatet  AgONS.(NH*)CNS,  prepared  in  like 
manner  wi^  silver  oxide,  oystallises  in  white  smning  needles. 

AmmoniO'platinic  Thiocyanate  is  obtained  in  two  modifications  by  spon- 
taneous evaporation  of  a  mixture  of  the  solutions  of  ammonium  platinochloride  and 
ammonium  thiocyanate.  One  of  these  modifications  forms  small  scarlet  prisms  or 
hexagonal  laminn  having  a  bitter  taste ;  the  other  forms  brown-red  crystals,  tastdess 
and  insoluble  in  water.  Plaiinum-potaeeium  Thiocyanate  is  prepared  in  like 
manner.  In  this  salt  the  potassium  may  be  replaced  by  aniline,  yieldmg  a  substance 
insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether  (Skey,  Chem,Neuje,  xxx.  25). 

H»N S— ON 

Zinc'ammonium    Thiocyanate,         yLn  ,  is  prepared   from   dnc- 

H«N S— ON 

oxide  and  ammonium  thiocyanate. 

VotMMlum  ThloojanatOff  ONES.  W.  Skey  {Chem,  Newe,  xxvii.  179)  pre- 
pares this  salt  by  boiling  flowers  of  sulphur  for  a  few  minutes  with  water  to  remove 
adhering  air,  and  adds  to  Uie  liquid,  after  cooling,  the  calculated  quantity  of  potasdum 
cyanide.  The  reaction  is  complete  in  a  few  days.  Access  of  air  must  be  prevented 
and  the  potasdum  cyanide  must  be  free  from  caustic  potash,  as  otherwise  potassium 
volphide  will  be  proauced. 

Potasdum  thiocyanate,  treated  in  alcoholic  solution  with  photphorue  trichloride, 
yields  the  compomia  0^^*M^K),  which  crystallises  in  white  needles.  With  bensoyl 
chloride  tiie  compound  O^H'S'O  is  formed,  which  crystallises  in  long  yellow  needles 
(Lossner,  J.  pr.  Chem.  [2],  viL  474). 

VotaMio-pIattnle  Tliiooyaiiata«  (GNS)<PtK*+  2HK),  is  formed  on  mixing  a 
warm  and  moderately  concentrated  solution  (about  10  per  cent.)  ofpotasdum  thiocyaoate 
with  a  small  quantity  of  solutien  of  platinum  tetrachloride.  Tlie  liquid  on  cooling 
depodts  the  hydrated  salt  in  small  very  brilliant  crystals  belonging  to  the  monodioio 
system :  a  :  6  :  0- 1-566  :  1  :  1-684.  Angle  bc^  80<'46'  (Wyrouboff,  Ann.  Ch.  Phye. 
[6],  XL  417)*  Buckton  (v.  611)  by  pouring  a  solution  of  platinum  tetrachloride  into 
a  strong  solution  of  potasdum  tmocyanate  previoudy  neated  to  70^  or  80^,  or 

•  This  laK  is  regaidad  by  J.  Fhilipp  (Liebig^i  AnnaUn^  obcxx.  841)  as  an  amidoKsomponnd,  Inas- 
BBTioh  asJt  contains  a  (jnantity  of  nitrogen  larver  than  ttas^  whidi  is  reqnired  liy  the  saljmiir  present 
for  ttM  Ibrmi^ion  of   thioqranio  acid.      FhiUpp  represents  its  oonstitutlon  by  the  fonnala 
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by  adding  4  pts.  potaBsitim  platino-chloride  to  a  Bolntion  of  5  pts.  potAsnnm  Uuoewtfi 
(weighed  in  the  fused  state)  in  a  moderate  quantity  of  water,  obtained  the  saas  wk 
in  anhydrous  six-sided  prisms  or  Uunins  of  a  deep  red  odloor. 

Verromeromio  Tbiocyanate  is  obtained  in  long,  black,  prismatic  ezystaUia 
mixing  the  ethereal  solutions  of  ferric  thiocyanate  and  a  mercury  salt.  It  is  ntsif 
insoluble  in  water — which,  howeyer,  turns  it  white — also  in  acetic  acid,  bat  nliUi  ii 
alcohol  and  in  ether.  Ferro-aurie  Thiooyanate,  prepared  in  1^  maaaee.  ii 
finely  granular,  nearly  black,  slightly  soluble  m  water,  more  freely  in  aledhol  sii  ■ 
ether. — CobalttMnereurie  Thiocyanate  is  obtained  in  two  modification  m 
forming  small,  anhydrous,  deep  blue,  almost  black  ciystala,  the  other  light  blue  pcai 
of  larger  size.  Both  are  nearly  insoluble  in  water,  and  are  decompQeed  hj  tec 
chloride,  with  formation  of  feme  thiocyanate. — Molvhdo'fnercurie  T^for^sstti 
is  precipitated  from  aqueous  solutions  in  red  flocks  (Skoy,  loe.  citj) 

Tlilooyanates  wltli  MaroaHo  Cyaalda.  Hg(CSyjKCTX3  forai  vkii 
shining  needles,  permanent  in  the  air,  easily  soluble  in  hot  water. — Hg^GN^JiHCSS 
resembles  the  potassium  salt — ^Hg(GN)'.NaCN8  +  2HH)  forms  coloorlees  needki,  «tii 
lose  their  cr^jkallisation-water  on  exposure  to  the  air. — 2Hg(CN)*.Ba<CNS]F•^4S^: 
four-  or  six-sided  nacreous  plates,  soluble  in  hot  water  and  permanent  in  tbt « 
2Hg(GN)>.Sr(GNS)>+  4H*0 :  thin,  nacreous  plates,  which  give  oflf  2HH>  on  ex«»» 
the  air.— 2Hg(0NV.Ca(CNSV  +  8HK)  :  large  tabular  oystals  which  gireoiTSHVoni 
sulphuric  acid,  and  the  remaining  3HK)  at  130<'-140*».— 2Hg(CN)'.Mg(CNS)*-i-«ffO: 
needles  permanent  in  the  air.— 2Hg(GN}*.Zn(GNS)*4-4H'0:  small,  slightly  lohiii 
prisms,  permanent  in  the  air.— 2Hg(CM)*.Zn(GNS)*.8NH" :  shining  needles,  vbiek  k 
not  give  off  their  ammonia  either  on  exposure  at  ordinary  temperatures  cr  ite 
heated  to  100®,  but  are  decomposed  by  water,  with  formation  of  a  white  fimpiMk 
2Hg(GN)'.Gd(GNS)>-l>4HK):  small  crystals,  permanent  in  the  air,  soluble  in  vttK 
2HgGN*.Mn(GNS)'  +  4H*0:  small,  slightly  soluble  needles.— 2Hg(CN^.Fe(CNSlF* 
4UK) :  small,  greenish,  six-sided  plates.— 2Hg(CN)*.OD(CNS)>  -i-  4HK) :  tcUow  fdid 
needles,  which  are  moderately  soluble  in  water,  and  give  ofiT  their  crrstallisBtioD-sSlff 
at  110°,  turning  blue  at  the  same  time.— 2Hg(GN)'.Ni(CNS)*-i-fiH'0:  amunihn 

2NH'GNS  *   "^'^^"S  dark  blue  platM. 
posed  by  water, 

Btbylamine  Tmooyanate,  GN.S.NH*(G^«),  is  obUined  by  heating 
hydrochloride  with  potassium  thioc}'anate  in  aqueous  solution,  evaporating  to  imm 
heating  the  residue  for  some  time  to  100°,  and  digesting  it  in  water.  The  niikiV 
sulution  deposits  crystallised  ethylamine  thiocyanate,  which  is  rery  deliqnceeoit  wi 
gives  with  ferric  salts  the  red  coloration  characteristic  of  the  thiocjanatca  It  if  is 
converted  into  the  isomeric  compound,  ethyl-thiocarbamide,  N'H*.C3.NH(GV).  cttc 
during  its  preparation  or  when  noated  to  150°  in  sealed  tubes.  The  same  is  the  est 
with  thiocyanate  of  amylamine,  whence  it  appean  that  the  molecular  taaskamom 
of  th(>  thiocyanatrs  of  monamincs  into  the  corresponding  thiocarbamides,  vkiek  s 
easily  accomplished  in  the  aromatic  scries,  e.g.  of  aniline  thiocyanate  into  pte^i' 
thiocarbamide  (p.  396),  does  not  take  place  in  Uie  fatty  series.  Moreorer  this  ^"^ 
does  not  ensue  when  thiocyanic  acid  is  heated  with  free  aniline  eren  to  190^, 
is  it  determined  by  the  presence  of  chloride  of  potassium  or  aMwtwft^^mn  -  jt 
therefore  to  result  from  the  reaction  between  thiocyanate  of  potassium  or  an 
and  the  hydrochloride  of  tho  organic  base  (Ph.  de  Clezmont,  BuiL  Soe,  Chm.  pl 
xxvii.  198). 

Kelamine  TbiooyaBate,  CN^H^.GNSH,  is  formed  by  quickly  hsstiiy  m- 
nionium  thiocyanate  to  250°,  and  maintaining  this  temperatoxe  till  the  whole  mm 
becomes  solid.  The  interspaces  of  tho  crudo  melam  tbus  produced  an  <*ii**<  wA 
a  fine  white  sublimate  of  mclamiue  thiocyanate,  consisting  of  small  prisms,  whiA  aif 
be  dissolved  out  by  warm  water.  Tho  solution  on  cooling  depoaita  prismatic  cnaik 
conorally  of  a  faint  yellowish  colour ;  they  an  soluble  in  alcohol,  and  wfaea  anM|y 
heiitod  sublime  without  change  (A.  Glaus,  DeuL  Ckem.  Ge»,  Ber,  iz.  1016). 

Thiocyanates  of  Acid  Radieleg, 

ThcHe  compounds  are  prepared  by  the  action  of  acid  chlorides  on  thionii^bi  rf 
le<ul ;  tho  mercury,  potassium,  and  sodium  salts  cannot  be   used  for  ths 
(Miquel,  Ann.  Chinu  Phyf.  [5],  xi.  289). 

a.  Inorganic.     Silicx^n  Thiocyanate,  Si(GNS)\  prepared  by  the  aotioo  of 
totrachlorido  on  \ead  tYv\oc>fMv^\A,  TSA\\a  ^\.  \^^  ^  and  boils  at  300^.     Its 


OYANATES   (THIO-).  606 


I 


*  in  the  air  with  a  lilao  flame,  and  U  decoinpo«ed  by  passing  throngh  a  red-hot  tube. 
'      It  is  insoluble  in  anhydrous  ether,  carbon  disnlphide,  and  petroleum,  but  dissolves  in 

a  solution  of  thiocyanic  acid  in  benzene,  and  separates  therefrom  on  eyaporation  in 
I  rectangular  prisms.  It  is  decomposed  by  moisture,  forming  thiocyanic  acid  and 
J      nlica ;  with  alcohol,  it  yields  ethyl  silicate  and  thiocyanic  add.    The  crystals  impart 

a  red  stain  to  paper,  cotton,  the  skin,  and  other  organic  bodies. 

Araenioua  Tkiooyanate,  As(CNS)*,  resembles  the  preceding  compound  in  its  pro- 
perties and  mode  ox  preparation,  but  is  much  more  difficult  to  isolate. 

Pkoaphonu  Tkiocyanate,  P(CNS)',  obtained  by  acting  on  a  mixture  of  dxy  sand 
and  leaa  thiocyanate  with  phosphorous  chloride,  is  a  liquid  haying  a  specific  giavity  at 
18^  of  1*625,  boiling  at  260^-270^,  and  decomposing  at  higher  temperatures.  It  does 
not  solidify  at  —  20^.  Its  yapours  burn  with  a  brilliant  flame ;  under  certain  con- 
ditions they  are  spontaneously  inflammable.  They  produce  violent  headache,  and  are 
poisonous.  This  compound  does  not  decompose  on  exposure  to  the  air,  and  is  only 
■lowly  attacked  by  water. 

The  thiocyanates  of  iodine,  antimony,  and  tin  have  not  been  isolated. 

/3.  Organic  Acetyl  ThMcycmaie^  CN.S.C^'0,  is  a  pale  yellow,  strongly  refract- 
ing liquid,  haying  a  pungent  odour ;  soluble  in  ether  and  in  carbon  disulptuide.  It  has 
a  density  of  1*151  at  16°  ;  boils  with  partial  decomposition  at  132^-133° ;  is  decom- 
posed by  water,  alkalis,  acids,  alcohol,  &c.,  with  formation  of  acetic  and  thiocyanic 
adds,  &c. 

Butyrtfl  ThioeyanaU,  CN.S.C^H'O,  is  a  strongly  refracting  liquid,  boiling  at  180^, 
and  resembling  the  acetyl-compound  in  its  other  properties. 

The  action  of  the  aromatic  chlorides  on  lead  thiocyanate  gives  rise,  not  to  normal 
thiocyanates,  but  to  isothiocyanates  or  thiocarbimides  (p.  606). 

Thiocyanates  of  Alcohol  Badioles, 

Kettaylene  Tbiooyanatef  CH*(GNS)',  is  prepared  b^  digesting  2  mols. 
potassium  thiocyanate  with  I  mol.  methylene  iodide  in  alcohohc  solution  for  two  or 
three  hours  on  the  water-bath,  washing  the  precipitated  crystala  with  water,  and 
recrystallising  several  times  from  alcohol.  It  is  easdy  soluble  in  alcohol  and  ether, 
moderately  soluble  in  hot,  nearly  insoluble  in  cold  water,  and  melta  at  102^.  On 
heating  it  for  a  short  time  with  a  quantity  of  strong  nitric  add  juat  sufficient  to 
dissolve  it,  and  immediately  evaporating  the  mixture  on  the  water-bath,  removing  the 
nitric  acid  bv  repeated  evaporation  with  water,  and  treatinjg  the  residue  with  bftfium 
carbonate,  the  barium  salt  of  methylenedisulphonic  or  methionic  acid, 
CH'(SO*H)*  is  formed  (Julie  Lermontoff,  Deut.  Chem.  Qte,  Ber.  viL  1282). 

Stliyl  TliloojaBate,  CH*.CNS,  obtained  by  the  action  of  ethyl  iodide  on  silver 
thiocyanate,  boihi  at  141°~142<»  (Meyer  a.  Wurster,  ibid.  vi.  965). 

Paandopropjl  Tbioejraaatef  CNJS.CH(CH*)',  was  obtained  by  G.  Gerlich 
{Liebi^a  Annalen,  dxxviii.  80)  as  a  secondary  pit)duct  in  the  preparation  of  artificial 
mustard-oil  by  the  action  of  potassium  thiocyanate  on  allyl  iodide  (from  glycerin  and 
phosphorus  iodide),  being  doubtless  derived  from  pseudopiopyl  iodide  fonned  from  the 
g^lycerin  simultaneously  with  the  allyl  iodide.  It  is  a  liquia  boiling  between  152^  and 
153°,  and  having  a  density  of  0*989  at  0®  and  0*974  at  15^ ;  decomposed  l^  boiling 
water  with  formation  of  pseudopropyl  mercaptan,  and  completely  resolved  l^  nascent 
hydrogen  (zinc  and  HCl)  into  the  latter  body  and  hydrogen  ^uide.  Strong  sulphuric 
add  converts  it  into  carbonyl-disnlphodipseudopropyl,  (^SO'H')*,  an  ether  haying  an 
offensive  alliaceous  odour.  With  hydrogen  eulphiae  it  yields  persulphopseudopropyl- 
nrethane,  NH'.CS.SCH',  which  crystallises  trom  alcohol  and  ether  in  splendid 
rhombic  lamime,  having  a  silky  lustre  and  melting  at  97^. 

/S-Bazyl  Tliiooyanatev  CN — S — CH^X^^ti  is   prepared   by  boiling  equal 

parts  of  /3-hexyl  iodide  (iii.  153)  and  potassium  thiocyanate  dissolved  in  the  smallest 
possible  quantity  of  alcohol  in  a  refiux-apparatus  on  the  water-bath  fdr  an  hour, 
when  separated  by  water,  dried,  and  rectified,  it  forms  a  liquid  having  an  allia- 
ceous odour,  and  boiling  between  206^  and  207*6^  (Uppenkamp,  Deut.  Chem,  Gee,  Ber. 
viii.  65). 

Allyl  Tlilooyasatev  CN.S.CH*.  This  compound,  metameric  with  ordinary 
mustard-oil  (CS=N — CH*),  may  be  obtained  by  a  modification  of  the  processes  em- 
ployed for  the  preparation  of  the  latter : — a.  1  part'of  ammonium  thio<^nate  (instead 
of  the  potassium  salt)  is  dissolved  in  3  parts  of  00  per  cent  of  sicohol,  and  the 
solution,  cooled  by  ice,  is  mixed  with  the  theoretical  quantity  of  allyl  bromide  or 
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by  adding  4  pts.  potassium  platino^hloride  to  a  sdlation  of  5  pts.  potwiiim  ikaoctvak 
(weighed  in  the  fused  state)  in  a  moderate  quantity  of  water,  obtained  the  nine  at 
in  anhydrous  six-sided  prisms  or  lamin»  of  a  deep  red  ooloor. 

Verromeromio  ThioeytauLte  is  obtained  in  long,  black,  priamaiic  ayftakia 
mixing  the  ethereal  solutions  of  ferric  thiocyanate  and  a  mercury  salt.  It  if  Muh 
insoluble  in  water — which,  however,  turns  it  white — also  in  acetic  acid,  bvt  nl&bk  ii 
alcohol  and  in  ether.  F0rr<Miurio  Thiocyanate,  prepared  in  hkb  manaB,  ii 
finely  granular,  nearly  black,  slightly  soluble  m  water,  more  freely  in  aledhol  nd  a 
ether. — Cobalto^mereuric  Thiocyanate  is  obtained  in  two  modificatioesr  ^ 
forming  small,  anhydrous,  deep  blue,  almost  black  exystala,  the  other  lig^t  bine  ps 
of  larger  size.  Both  are  nearly  insoluble  in  water,  and  are  deoompoaed  by  fear 
chloride,  with  formation  of  feme  thiocyanate. — MolyhdO'tnereuric  rAtoeyiseli 
is  precipitated  from  aqueous  solutions  in  red  flocks  (Skey,  loo.  citj) 

Tlilooyanatea  wltli  Merenrlo  Csrmnlde.     Hg(CN)*^GKS    fo«  itia 

shining  needles,  permanent  in  the  air,  easily  soluble  in  hot  water. — Hg(GN}'J?HCS 
resembles  the  potassium  salt.— Hg(CN)'.NaGNS  +  2HH)  forma  eolonrleea  needlei.  vVA 
lose  their  cr^pkallisation-water  on  exposure  to  the  airy — 2Hg(CN)*.Ba(CNS]F+4B^: 
four-  or  six-sided  nacreous  plates,  soluble  in  hot  water  and  permanent  in  tbi  at 
2Hg(GN)^Sr(CNSV+  4H>0 :  thin,  nacreous  plates,  which  give  off  ISH)  on  exrana 
the  air.— 2Hg(GN)>.Ca(CNS)'+  8HK) :  large  tabular  cryatala  which  m^oSbWOvw 
sulphuric  acid,  and  the  remaining  3HK)  at  130<>-140*».— 2Hg(GN)'.Mg(CNSy-i><ffQ: 
needles  permanent  in  the  air.— 2Hg(GN)>.Zn(CNS)' 4- 4HK> :  amall,  slightly  nlilib 
prisms,  permanent  in  the  air. — 2Hg(GN)*2n(GNS)'.8NH* :  ahining  needles,  vfavk  k 
not  give  off  their  ammonia  either  on  exposure  at  ordinary  temperatures  or  vka 
heated  to  100^,  but  are  decomposed  by  water,  with  formation  of  a  white  prsriyiMi 
2Hg(GN)*.Gd(GNS)>-l>4H«0:  small  crystals,  permanent  in  the  air,  aolnble  in  vtfft 
2HgGN<.Mn(GNS)'  +  4HH):  small,  slighUy  soluble  needlea.— 2Hg(CN)>.Fe(C!fS]^* 
4IIK) :  small,  greenish,  six-sided  plates.— 2Hg(GN)*.OD(CNS)'  -i-  4H«0 :  Vdlov  poM 
needles,  which  are  moderately  soluble  in  water,  and  give  off  their  cryataJliMtioa'Vilr 
at  110^  turning  blue  at  the  same  time.— 2Hg(GN}3.Ni(CNS)*-i-itHK):  amonkn, 

2NH"GNS '   "^'^'"S  dark  bine  plates,  daeoa- 

posed  by  water, 

Btbylamine  Tliloeyaiiate,  GN.S.yH*(G^«),  is  obtained  by  heating  ediTiMi 
hydrochloride  with  potassium  thiocyanate  in  aqueous  solution,  evaporating  to  hnm 
heating  the  residue  for  some  time  to  100^,  and  digesting  it  in  water.  ^Tbe  nnbiK 
solution  deposits  cxTstallised  ethylamine  thiocyanate,  whidi  ia  wery  deliqucMMl  ai 
gives  with  ferric  salts  the  red  coloration  characteristic  of  the  thiocyanatee.  It  birt 
converted  into  the  isomeric  compoimd,  ethyl-thiocarbamide,  NH'.C8.NH(CH*).  eta* 
during  its  preparation  or  when  neat<xl  to  150^  in  sealed  tnbea.  The  same  is  liu  cw 
with  thiocyanate  of  amylamine,  whence  it  appears  that  the  molecular  transfoiBsbB 
of  tlio  thiocyanati's  of  monamines  into  the  corresponding  thiocarfaamidei,  viiA  ■ 
easily  accomplished  in  the  aromatic  series,  e.p,  of  aniline  thiocyanate  into  f^t^ 
thiocarbamide  (p.  39G).  does  not  take  place  in  the  fatty  aeriea.  MorooTer  this  ^  ~~ 
does  not  ensue  when  thiocyanic  acid  is  heated  with  free  aniline  eren  to  IW^, 
is  it  determined  by  the  presence  of  chloride  of  potassium  or  ammoninm ;  it 
therefore  to  result  from  the  reaction  between  thiocyanate  of  potaasinm  or  am 
and  the  hydrochloride  of  the  organic  base  (Fh.  do  Clermont,  BuU,  Soe.  Ckm.  (S^ 
xxvii.  198). 

Kelamine  Tbiooyanate,  G'N^H^.GNSH,  is  formed  by  quickly  beeti^  a- 
nionium  thiocyamite  to  250^,  and  maintaining  this  temperatim  till  the  whole  bm 
liticomes  solid.  The  interspaces  of  the  crude  melam  Ulna  produced  an  *^^*^  wA 
a  fine  white  sublimate  of  mclamine  thiocyanate},  consisting  of  small  prianip  wfaiehaif 
bo  dissolvc'il  out  by  warm  water.  The  solution  on  cooling  depoaita  priamatie  apuik 
generally  of  a  faint  yellowish  colour ;  they  are  soluble  in  ^cohol,  and  when  oirfd^ 
heated  sublime  without  change  (A.  Glaus,  Deut.  Chcm.  Gee.  Btr,  iz.  10I5)b 

Thiocyanatee  of  Acid  Radiol €9, 

ThcNe  compounds  are  prepared  by  the  action  of  acid  chloiidea  on  thioetiMto  d 
Iciid ;  the  mercury,  potassium,  and  sodium  salts  cannot  be   uaed  lor  the  BtfBV 

(Miquel,  Ann.  Chim.  Phyx.  [5],  xi.  289). 

a.  Inorganic.  Si/icon  Thiocyanate,  Si(GNS)\  prepared  by  the  actioo  of  t^ 
tetrachloride  on  \oad  t\v\QC^Tva\At  tsaWa  ^\.  \Ml* ,  &ud  boiLs  at  300^.     lu 
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in  the  air  with  a  liUio  flame,  and  is  decomposed  by  passing  thioogh  a  red-hot  tube. 
It  is  insoluble  in  anhydrous  ether,  carbon  disulphide,  and  petroleum,  but  dissolves  in 
a  solution  of  thiocyanic  acid  in  benzene,  and  separates  therefrom  on  eyaporation  in 
rectangular  prisms.  It  is  decomposed  by  moisture,  forming  thiocyanic  acid  and 
cilica ;  with  alcohol,  it  yields  ethyl  silicate  and  thiocyanic  acid.  The  crystals  impart 
a  red  stain  to  paper,  cotton,  the  skin,  and  other  organic  bodies. 

Anenious  Tkiooyanate^  As(CNS)*,  resembles  the  |)receding  compound  in  its  pro- 
perties and  mode  of  preparation,  but  is  much  more  difficult  to  isolate. 

Pkosphortu  Thiocyanate,  P(CNS)',  obtained  by  acting  on  a  mixture  of  diy  sand 
and  leaa  thiocyanate  with  phosphorous  chloride,  is  a  liquid  haying  a  specific  gravitY  at 
18^  of  1*625,  boiling  at  260^-270^,  and  decomposing  si  higher  temperatures.  It  does 
not  solidify  at  —  20°.  Its  vapours  bum  with  a  brilliant  flame ;  under  certain  con- 
ditions they  are  spontaneously  inflammable.  They  produce  violent  headache,  and  are 
poisonous.  This  compound  does  not  decompose  on  exposure  to  the  air,  and  is  only 
■lowly  attacked  by  water. 

The  thiocyanates  of  iodine,  antimony,  and  tin  have  not  been  isolated. 

0,  Organic  Acetf/l  Thiocyanate,  CN.S.C^'O,  is  a  ^e  yellow,  stron^y  refract- 
ing liquid,  having  a  pungent  odour ;  soluble  in  ether  and  m  carbon  disulphide.  It  has 
a  density  of  1*151  at  16° ;  boils  with  partial  decomposidon  at  132°-183'' ;  is  decom- 
posed by  water,  alkalis,  acids,  alcohol,  &c.,  with  formation  of  acetic  and  thioqranio 
acids,  &c. 

Butyryl  Tkioeyanate,  CN.S.G^H'O,  is  a  strongly  refracting  liquid,  boiling  at  180^, 
and  resembling  the  acetyl-compound  in  its  other  properties. 

The  action  of  the  aromatic  chlorides  on  lead  thiocyanate  gives  rise,  not  to  normal 
thiocyanates,  but  to  isothiocyanates  or  thiocarbimides  (p.  606). 

Thioet/anates  of  Alcohol  Badiclcs, 

Ketlijlene  Tbiooyanatef  CH*(CNS)*,  is  prepared  b^  digesting  2  mols. 
potassium  thiocyanate  with  1  mol.  methylene  iodide  in  alcoholic  solution  for  two  or 
three  hours  on  the  water-bath,  washing  the  precipitated  ciystals  with  water,  and 
reciystallising  several  times  from  alcohol.  It  is  easily  soluble  in  alcohol  and  ether, 
moderately  soluble  in  hot,  nearly  insoluble  in  cold  water,  and  melts  at  102°.  On 
heating  it  for  a  short  time  with  a  ^uantit^  of  strong  nitric  add  just  sufficient  to 
dissolve  it,  and  immediately  evaporating  the  mixture  on  the  water-bath,  removing  the 
nitric  acid  bv  repeated  evaporation  with  water,  and  treating  the  residue  with  barium 
earbonate,  the  barium  salt  of  methylenedisulphonic  or  methionic  acid, 
Cfi'(SO*H)*  is  formed  (Julie  Lermontoff,  Deut.  Chem.  Oes,  Ber.  viL  1282). 

Stliyl  Tliiooyanate,  CH\CNS,  obtained  by  the  action  of  ethyl  iodide  on  silver 
thiocyanate,  boils  at  141°-142°  (Meyer  a.  Wurster,  ibid.  vi.  965). 

Peendopropjl  Tbiooyanatef  GNJS.CH(CH*)*,  was  obtained  by  G.  Gerlich 
{JAebi^a  Annalen,  dxxviii.  80)  as  a  secondary  pit)duct  in  the  preparation  of  artificial 
mustard-oil  by  the  action  of  potassium  thiocyanate  on  allyl  iodide  (from  glycerin  and 
phosphorus  iodide),  being  doubtless  derived  from  pseudopropyl  iodide  fbnned  from  the 
g^lycerin  simultaneously  with  the  allyl  iodide.  It  is  a  liquid  boiling  between  152°  and 
IfiS"",  and  having  a  density  of  0*989  at  0°  and  0*974  at  15^ ;  decomposed  1^  boiling 
water  with  formation  of  pseudopropyl  mercaptan,  and  completely  resolved  by  nascent 
hydrogen  (zinc  and  HOI)  into  the  latter  body  and  hydrogen  c^&uide.  Strong  sulphuric 
acid  converts  it  into  carbonyl-disulphodipseudopropyl,  (X)(80'H*)*,  an  ether  having  an 
offensive  alliaceous  odour.  With  hydrogen  culphiae  it  yields  pOTSulphopseudopropyl- 
nrethane,  NH^OS.SO'H',  which  crystallises  firom  alcohol  and  ether  in  splendid 
rhombic  laminse,  having  a  silky  lustre  and  melting  at  97^» 

/3-Bezj'l  Tliiooyanatey  ON — S — GH^X^^s,  is    prepared    by  boiling  equal 

parts  of  /3-hexyl  iodide  (iii.  153)  and  potassium  thiocyanate  dissolved  in  the  smallest 
possible  quantity  of  alcohol  in  a  refiux-apparatus  on  the  water-bath  for  an  hour. 
lYhen  separated  by  water,  dried,  and  redified,  it  forms  a  limiid  having  an  allia- 
ceous odour,  and  boiling  between  206°  and  207*5^  (Uppenkamp,  Jkut,  Chcm,  Gts.  Ber, 
Tiii.  65). 

AUyl  TtaloojraBate*  GN.S.G*H*.  This  compound,  metameric  with  ordinary 
mustard-oil  (CS=:N — 0*11*),  may  be  obtained  by  a  modification  of  the  processes  em- 
ployed for  the  preparation  of  the  latter : — a.  1  part'of  ammonium  thiomnate  (instead 
of  the  pot^issium  salt)  is  dissolved  in  3  parts  of  00  per  cent  of  sloohol,  and  the 
solution,  cooled  by  ice,  is  mixed  with  the  theoretical  quantity  of  allyl  bromide  or 
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by  adding  4  pts.  potassium  platino-chloride  to  a  Bolution  of  5  pte.  potaaniim  tlnoejiaAi 
(weighed  in  the  fased  state)  in  a  moderate  quantity  of  water,  obtained  the  iime  ak 
in  anhydrous  six-sided  prisms  or  laminm  of  a  deep  red  ooloar. 

Verromeroniio  Tliioojaiiate  is  obtained  in  long.  black»  prismatic  ctjAik,m 
mixing  the  ethereal  solutions  of  ferric  thiocyanate  and  a  mercury  wait.  It  ii  vaair 
insoluble  in  water — ^which,  however,  turns  it  white — also  in  acetic  acid,  but  nlilli  is 
alcohol  and  in  ether.  Ferro-aurie  Thioeyanate,  prepared  in  1^  miaao.  k 
finely  granular,  nearly  black,  slightly  soluble  in  water,  more  freely  in  aledhol  sii  k 
ether. — Cobalto^mereurie  Thiocyanate  is  obtained  in  two  modificatioBk  ^ 
forming  small,  anhydrous,  deep  blue,  almost  black  exystals,  the  other  light  blue  pi^ 
of  larger  size.  Both  are  nearly  insoluble  in  water,  and  are  decomposed  fay  fear 
chloride,  with  formation  of  ferric  thiocyanate. — MolyhdO'fner  curie  TkiocffiU 
is  precipitated  from  aqueous  solutions  in  red  flocks  (Skey,  loo,  citj) 

Tlilooyanatea  wltli  Keronrle  Csranlde.  Hg(CN)*^CKS  foms  vkii 
shining  needles,  permanent  in  the  air,  easily  soluble  in  hot  water. — Hg(CN7im98 
resembles  the  potassium  salt.— Hg(CN)*.NaGN8  +  2HH)  forms  ooloorlees  needlss,  «U 
lose  their  a^stallisation-water  on  exposure  to  the  air. — 2Hg(CN)'*^^^^]^'*'^^' 
four-  or  six-sided  nacreous  plates,  soluble  in  hot  water  and  permanent  in  tbt  al 
2Hg(GN)>.Sr(CNS)>+  4H*0 :  thin,  nacreous  plates,  which  give  off  2Hso  on  exraovd 
the  air.— 2Hg(GNV.Ca(CNS)>+  SHK) :  large  tabular  eryvtals  which  siTeoff  SH^m 
sulphuric  acid,  and  the  remaining  3HK)  at  130''-U0*'. — 2Hg(GN)s.Mg(CN5)'-f4ffl>: 
needles  permanent  in  the  air.— 2Hg(CN)*.Zn(CNS)*+4H'0:  small,  aligfatly  nUb 
prisms,  permanent  in  the  air. — 2Hg(CN)'2n(GNS)*.3NH* :  diining  nf«dlet,  vfckk  di 
not  give  off  their  ammonia  either  on  exposure  at  oidinaxy  temperatures  or  vka 
heated  to  100^,  but  are  decomposed  by  water,  with  formation  of  a  white  pieii|iitiii 
2Hg(CN)>.Gd(GNS)>-i-4HH):  small  cxystals,  permanent  in  the  air,  solnble  in  vtfft 
2HgGN*.Mn(GMS)'  +  4H'0:  small,  slightly  soluble  needles.— SHg(CN)>.Fe(CyS]^« 
4HK) :  small,  greenish,  six-sided  plates.— 2Hg(CN)*.OD(CNS)>  -i-  4HH) :  Tdlov  poM 
needles,  which  are  moderately  soluble  in  water,  and  give  off  their  ciystaJlisatioa'eiAr 
at  110°,  turning  blue  at  the  same  time.— 2Hg(GN)'.Ni(GNS)* -i- nHH) :  amonkn, 

2NH'GNS '   "^''^"S  ^Ark  bine  plates,  daooa- 
posed  by  water, 

Stliylamlne  Thiocyanate,  GN.S.NH*(G^»),  is  obtained  by  heating  ekhrlnm 

hydrochloride  with  potassium  thiocyanate  in  aqueous  solution,  evaporating  to  jnts 
heating  the  residue  for  some  time  to  100°,  and  digesting  it  in  water.  The  miltif 
solution  deposits  crystallised  ethylamine  thiocyanate.  which  is  Tory  deliqneeenl  ■! 
gives  with  ferric  salts  the  red  coloration  characteristic  of  the  thiocyanattfi  It  is  irt 
converted  into  tlie  isomeric  compound,  ethyl-thiocarbamide,  NH'.CS.NH(C'H*).  at 
during  its  preparation  or  when  heated  to  160°  in  sealed  tubes.  The  same  i*  xht ' 
with  thiocyanate  of  amylamine,  whence  it  appears  that  the  molecular  txansfbms 
of  tho  tbiocyanatos  of  monamiues  into  tlie  correnpouding  thiocarbamides,  vbidt  s 
easily  accomplished  in  the  aromatic  series,  e.(f,  of  aniline  thiocyanate  into  pbiqi- 
thiocarbamide  (p.  39G).  docs  not  take  place  in  the  fatty  series.  Moroorer  this  ^  — 
does  not  cnrae  when  thioc^'anic  acid  is  hcited  with  free  aniline  eren  to  190°, 
is  it  determined  by  the  presence  of  chloride  of  potassium  or  ammonium ;  it  i 
therefore  to  result  from  the  reaction  between  thiocyanate  of  potassium  or  am 
and  the  hydrochloride  of  the  organic  base  (Ph.  do  Clennont*  BuiL  Soe.  CUm,  0 
xxvii.  198). 

Kelamine  Tbiooyanate,  G'N^H^.GNSH,  is  formed  by  qniefcly  besti^  m- 
nionium  thiocyanate  to  260°,  and  maintaining  this  temperatnm  till  ths  whole  iv 
l)ecomes  solid.  The  interspaces  of  the  crude  melam  thus  produced  aie  <ni*l  wA 
a  fine  white  sublimate  of  melamine  thioc}'anate,  consisting  of  small  prisms*  whiAflf 
be  dissolved  out  by  warm  water.  The  solution  on  cooling  deposits  prismatie  cs7«A 
ccncrally  of  a  faint  yellowish  colour ;  they  are  soluble  in  alcohol,  and  when  am4 
heated  sublime  without  change  (A.  Glaus,  Deut,  Chcm,  Ges,  Ber*  ix.  1016^ 

Thiocyanatea  of  Acid  RadioleB, 

ThcKe  compounds  are  prepared  by  the  aefion  of  acid  chlorides  on  thiocviMtt  d 
\vAv\ ;  the  raercnry,  potassium,  and  sodium  salts  cannot  be  used  lor  the  Btfpv 
(Miquil,  Ann,  Chim.  VhyR.  [6],  xi.  289).  "^ 

a.  Inorganic.  Silk-on  Thiocyanate^  Si(GNS)*,  prepared  by  ths  action  of  «T«— 
tetrachloride  on  \oad  t\v\Qc^Tva9(A,  m^V\a  ^\.  \K1* ,  &ud  boils  at  300**.     Its 
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in  the  air  with  a  lilac  flame,  and  is  decomposed  h^  passing  through  a  red-hot  tube. 
It  is  insoluble  in  anhydrous  ether,  carbon  disnlphide,  and  petroleum,  but  dissolves  in 
a  solution  of  thiocyanic  acid  in  benzene,  and  se^wnites  therefrom  on  eyaporation  in 
rectangular  prisms.  It  is  decomposed  by  moisture,  forming  thiocyanic  acid  and 
dlica ;  with  alcohol,  it  yields  ethyl  silicate  and  thiocyanic  acid.  The  crystals  impart 
a  red  stain  to  paper,  cotton,  the  skin,  and  other  organic  bodies. 

Arsenious  TkiocyanaU,  As(CNS)',  resembles  the  preceding  compound  in  its  pro- 
perties and  mode  of  preparation,  but  is  much  more  difficult  to  isolate. 

Pkosphorua  Thiocyanate,  F(CNS)*,  obtained  by  acting  on  a  mixture  of  diy  sand 
and  lead  thiocyanate  with  phosphorous  chloride,  is  a  liquid  haying  a  speeifie  giavitT  at 
18°  of  1*625,  boiling  at  260^-270°,  and  decomposing  at  higher  temperatures.  It  does 
not  solidify  at  —20°.  Its  vapours  burn  with  a  brilliant  flame;  under  certain  con- 
ditions they  are  spontaneously  inflammable.  They  produce  violent  headache,  and  are 
poisonous.  This  compoimd  does  not  decompose  on  exposure  to  the  air,  and  is  only 
alowly  attacked  by  water. 

The  thiocyanates  of  iodine,  antimony,  and  tin  have  not  been  isolated. 

fi.  Organic.    Acetyl  7%iocyanaie,  GN.S.CHK),  is  a  ^e  yellow,  strongly  refiract- 

n  liquid,  having  a  pungent  odour ;  soluble  in  ether  and  m  carbon  disulphide.  It  has 
ensity  of  1*151  at  16° ;  boils  with  partial  decomposition  at  182°-188° ;  is  decom- 
posed by  water,  alkalis,  acids,  alcohol,  &c.,  with  formation  of  acetic  and  thiocyanic 
acids,  &c. 

BiUyryl  Thiocyanate,  CN.S.G*H'0,  is  a  strongly  refracting  liquid,  boiling  at  180^, 
and  resembling  the  acetyl-compound  in  its  other  properties. 

The  action  of  the  aromatic  chlorides  on  lead  thiocyanate  gives  rise,  not  to  normal 
thiocyanates,  but  to  isothiocyanates  or  thiocarbimides  (p.  606). 

Thiocyanates  of  Alcohol  Eadiehs. 

Methylene  TlUooyanate*  GH*(GNS)*,  is  prepared  l^  digesting  2  mols. 
potassium  thiocyanate  with  1  mol.  methylene  iodide  in  alcoholic  solution  for  two  or 
three  hours  on  the  water-bath,  washing  the  precipitated  crystals  with  water,  and 
reciystaliising  several  times  from  alcohol.  It  is  easily  soluble  in  alcohol  and  ether, 
moderately  soluble  in  hot,  nearly  insoluble  in  cold  water,  and  melts  at  102°.  On 
heating  it  for  a  short  time  with  a  quantify  of  strong  nitric  acid  just  sufficient  to 
dissolve  it,  and  immediately  evaporating  the  mixture  on  the  water-bath,  removing  the 
nitric  acid  by  repeated  evaporation  with  water,  and  treatinjg^  the  residue  with  biurium 
carbonate,  the  barium  salt  of  methylenedisulphonic  or  methionic  acid, 
CH'(SO*H)*  is  formed  (Julie  Lermontoff,  I>eut.  Chem.  Ges.  Btr.  vii.  1282). 

Xthyl  Thiooyanate*  G'H\GNS,  obtained  by  the  action  of  ethyl  iodide  on  silver 
thiocyanate,  boils  at  141''-142°  (Meyer  a.  Wurster,  ibid,  vi.  965). 

Psendopropyl  Thiocyanate*  CN^CH(GH')*,  was  obtained  by  G.  Oerlich 
{Liehi^s  Annalen^  dxxviii.  80)  as  a  secondary  prt)duct  in  the  preparation  of  artificial 
mustard-oil  by  the  action  of  potassium  thiocyanate  on  allyl  iodide  (from  glycerin  and 
phosphorus  iodide),  being  doubtless  derived  from  pseudopropyl  iodide  formed  from  the 
glycerin  simultaneously  with  the  allyl  iodide.  It  is  a  liquid  boiling  between  152°  and 
Ifid"",  and  having  a  density  of  0*989  at  0°  and  0*974  at  15° ;  decomposed  l^  boiling 
water  with  formation  of  pseudopropyl  mercaptan,  and  completely  resolved  by  nascent 
h)rdrogen  (zinc  and  HGl^  into  the  latter  body  and  hydrogen  cyanide.  Strong  sulphuric 
acid  converts  it  into  carbonyl-disulphodipseudopropyl,  00(80'H')',  an  ether  having  an 
offensive  alliaceous  odour.  With  hydrogen  eulphiae  it  yields  persulphopseudopropvl- 
nrethane,  NH'.GS.SO'H',  which  crystallises  ftom  alcohol  and  ether  in  splendid 
rhombic  laminae,  having  a  silky  lustre  and  melting  at  97°« 

<0H' 
Qtm*  IB    prepared    by  boiling  equal 

parts  of  jB-hexyl  iodide  (iii.  153)  and  potassium  thiocyanate  dissolved  in  the  smallest 
possible  quantity  of  alcohol  in  a  reflux-apparatus  on  the  water-bath  for  an  hour. 
iVhen  separated  by  water,  dried,  and  reined,  it  forms  a  liquid  having  an  allia- 
ceous odour,  and  boiling  between  206°  and  207*5**  (Uppenkamp,  Deut.  Chem,  Gee,  Ber, 
viii.  65). 

iUlyl  Thiooyanatet  GN.S.G'H*.  This  compound,  metameric  with  ordinary 
mustard-oil  (GS=:N — 0*11^),  may  be  obtained  by  a  modification  of  the  processes  em- 
ployed for  the  preparation  of  the  latter : — a.  1  part  of  ammonium  thiocyanate  (instead 
of  the  potassium  salt)  is  dissolved  in  3  parts  of  00  per  cent  of  aJcohol,  and  the 
solution,  cooled  by  ice,  is  mixed  with  the  theoretical  quantity  of  allyl  bromide  or 


by  adding;  i  pta.  pota^aiom  platbo-chlorida  t« 
(Teighed  in  the  fused  ulaie)  io  a  uodemte  i^ 
in  aehjdmu  six-aidod  priams  or  lam  inn-  of  a  dscp  rod  coloaF. 

raFromeToniio  Tbloojranate  is  obufned  in  long,  Mack,  prinnatie  ei^4tali,K 
muting  tho  othoraal  solutions  of  ferric  tliiocyanats  and  a  mereur;  salt-     It  ■  agnb 
insoluble  in  vater— vhich,  huwever,  tamfl  it  white — also  in  acsUc  add.  bnt  nlabla  W 
Bla)hol  and  ia  ether.    Ferro-auria  Thiooyanalf,  prepared  in 
flnelj  graauloi,  Dourly  btaek.  slight];  boIdUu  id  vatsr,  more  freelj  it 
ether. —  Cabalto-mercuTio  Thiecyanatc  is  obtained  in  two  mi 
ianaiag  emull,  anhjdrous,  deep  blue,  almost  black  oTEtals,  tho  other  li^t  bla*  {a 
of  larger  size.    Both  are  nearly  insolnble  in  water,  and  are  decampaaed  ti;  fi. 
chloride,  with  fomiatiou  of  feme  thiocjaaate, — Molybdo-mtreurit  TkiB«f»»4 
is  predpitatod  froni  sqneons  solutiona  in  red  flacka  (Skoy,  loc.cit.) 

TUooTuiatea  wltli  Maronrfo  CranlOe.  Hg(CN]'.KONS 
shining  needles,  permanent  in  the  air,  easily  aolnblo  in  hot  iroter. — Hf^CNyJC 
resembleB  the  potasaium  lalt.— Hg(CN)'.NaONS  +  SHH)  forma  eolonrlau  uecoki 
lose  their  cryatalliBation -water  on  eiposuro  to  the  air,— HHg(CN)'.B*(CN8)'+ 
four-  or  aix-sided  nacreous  plalaa,  soluble  ia  hot  water  and  pennaiiaac  in  ti 
2Sg(CN}'.Sr(CNS)i  +  4H>0 :  thin,  itacreonB  platee,  which  give  off  2H>U  on  «sp« 

the  air.— aegfCNkCa^CNS)'*  8HK) :  large  tabular  cryalaU  whith  giveoff  filP 

anlphuric  acid,  and  the  remaining  33*0  at  130''-1*0°.— 2He(CN)'J«g(CSa)»+4B'lk 
needles  pormanont  in  the  air.— 2Hg(CX)<.Zn(CKS)>  4  4^10 :  small,  aliKhtlr  MtiUi 
priams,  permanent  in  the  air.— SHg(CN}'.Za(CNS)<.3NH' :  shining  imdlM,  wbick  4 
Dot  give  off  their  ammonia  eilJier  an  exposure  at  ordinal;  t«mpeiBtiitB«  or  wtM 
heated  to  100°,  but  are  deoomposed  by  water,  with  formation  of  a  white  predplal*. 
2Hg(0N)'.Cd(CNS)'  +  4H'0  :  small  cirntals,  pennaueat  in  tho  air.  aolnbU  in  witc. 
2HgCN".Mn{CNS)'+4H'Or  smaU,  alightly  aolubls  needles.— 2Hg(CN)'.Fe< CSS)-. 
4HK) :  small,  greenish,  sii-sided  plates.— aHB(CN)'.Co{ONS)'  +  4H=0  :  yBllo*  poiunl 
needles,  which  are  modcratolj  aoluble  in  water,  and  give  off  their  cijatolUaatiiin-nttf  , 

at  no",  turning  bine  at  the  same  time.— 2Hg(CN)'.Ni(CNS)>+nH»0; ^'—    ' 

greenish  precipitate, — 2Eg(CN)'.Cn<^n^^,^f^^  :   shining  dark  blue  plat**,  d 

■t&rlaxaliie  Tbl«eraiwt«,  CN.S.NH'fCa'],  ia  obt^ned  by  hcadni;  etl 

hydrochloride  with  potassium  thiocjanate  in  aqueons  solution,  OTaporatiog  Ut  ui 

healing  the  resitlue  for  some  time  to  100",  and  digesting  it  in  water-     The  m 

solution  doposita  crystallised  etbylamino  thiocyanate.  which  is  Tery  deliqneaaM^flj 

gives  with  ferric  salts  the  red  coloration  chancterisCic  of  the  thiol's     '         •-  •- 

conrerted  into  the  isomeric  compaund,  ethyl -thiocarbamide,  NH'.CS.t 

dnring  Ita  preparation  or  whtn  hoatad  to  160°  in  sealed  tnbes.     Tho  t< 

with  thiocyanate  of  amylaitiiue,  whence  it  appears  that  t.he  moleenlAr  t 

of  the  thiooyanateB  of  monamines  into  the  corresponding  thiocarbamii 

easily  accomplished  in  the  aromatic  series,  e.g.  of  aniline  thiocyanate  h 

tbiocarbamide  (p.  3SG).  does  not  take  place  in  the  fatty  seiiea.    Morcorer  this  d 

does  not  ensue  whan  thiocyanic  acid  is  heated  with  free  anilinB  eren  to  190°,  n 

is  it  determined  by  ihe  presence  of  cbloride  of  potassium  or  ammoi ' 

therefore  to  result  from  the  reaction  hetween  thiotTanate  of  potassii 

and  the  hydrochloride  of  the  orgnnic  base  (Ph.  de  Clermont,  Bull.  &«•  CUa.  {I 

Katemlne  TblooTamte,  C*K<H*.CI4SH,  is  formed  by  qnickly  heMiag  ■ 

mnniom  tJiiocyanato  to  S50°,  and  maintaining  this  tempemtnrs  till  Iha  wbole  Mr 
bucomos  solid.  The  intflrspncee  of  tho  crude  melam  Uiaa  produced  are  filUd  «l 
a  Hdo  white  sublimate  of  molamine  thiocyanate,  consisting  of  small  prisnu,  wfaitll  m 
be  dissolved  out  by  warm  water.  The  solution  on  cooling  deposits  prismatJe  a 
generally  of  a  faint  yellowish  colour ;  they  are  solable  in  alu>hal,  and  irt 
heated  sublime  without  change  (A.  Claus,  Deut.  Clum.  Get.  Btr.  ix.  IBIQ 


ThioeyanatetBf  AcidRadielet. 

Those  compounds  are  prepared  by  the  action  of  acid  chlorides  o 
lead ;  the  mercury,  potassium,  and  sodium  salts  cannot  be  nsed  for  tho  p 
(Miqael,  Ana.  Chim.  Phyt.  [S],  li.  289). 

a.  Inorganic,     Silicon  Thioc5aiiote,?ft^CS.&V>\*'TK''^"°^  ^!oa  wd.vBo.iit  • 
tetrachloride  onlea4ttnoc3ar.ttW,mcWa  *.\.  \41°  ,?.u4\io^  «.TOsf  .   '\^A-«aj(9a^ 
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in  the  air  with  a  lUae  flame,  and  is  deoompoeed  by  passing  through  a  red-hot  tube. 
It  is  insoluble  in  anhydrous  ether,  carbon  disulphide,  and  petroleum,  but  dissolves  in 
&  solution  of  thiocyanic  acid  in  benzene,  and  separates  therefrom  on  evaporation  in 
rectangular  prisms.  It  is  decomposed  by  moisture,  forming  thiocyanic  acid  and 
flilica ;  with  alcohol,  it  yields  ethyl  silicate  and  thiocyanic  add.  The  crystals  impart 
a  red  stain  to  paper,  cotton,  the  skin,  and  other  organic  bodies. 

AraeniouB  Tkioeyanate^  As(CNS)',  resembles  the  |nreceding  compound  in  its  pro- 
pertieB  and  mode  ox  preparation,  but  is  much  more  difficult  to  isolate. 

Pkonkorua  TkhcyanaU,  F(CN8)*,  obtained  by  acting  on  a  mixture  of  dry  sand 
and  lead  thiocyanate  with  phosphorous  chloride,  is  a  liquid  haying  a  speciflc  gravitv  at 
18^  of  1*826,  boiling  at  260^-270^,  and  decomposing  at  higher  temperatures.  It  does 
not  solidify  at  —20^.  Its  vapours  burn  with  a  brilliant  flame;  under  certain  con- 
ditions they  are  spontaneously  inflammable.  They  produce  violent  headache,  and  are 
poisonous.  This  compound  does  not  decompose  on  exposure  to  the  air,  and  is  only 
fllow^  attacked  by  water. 

'Alt  thiocyanates  of  iodine,  antimony,  and  tin  have  not  been  isolated. 

fi.  Organic.  Acetyl  Thioeyamate,  CN.S.CH'O,  is  a  ^e  yellow,  strongly  refract- 
ing liquid,  having  a  pungent  odour ;  soluble  in  ether  and  m  carbon  disulphide.  It  has 
a  density  of  1-161  at  18° ;  boils  with  partial  decomposition  at  182^-188° ;  is  decom- 
posed by  water,  alkalis,  adds,  alcohol,  &c.,  with  formation  of  acetic  and  thiocyanic 
adds,  &c. 

Butyryl  THoeyanaU,  CN.S.G*H^O,  is  a  strongly  refracting  liquid,  boiling  at  180^» 
and  resembling  the  acetyl-compound  in  its  other  properties. 

The  action  of  the  aromatic  chlorides  on  lead  thiocyanate  gives  rise,  not  to  normal 
thiocyanates,  but  to  isothiocyanates  or  thiocarbimides  (p.  806). 

Thiocyanates  of  Alcohol  Badielee, 

MatliylMia  Tlilooyanatet  CH'(CNS)',  is  prepared  1^  digesting  2  mols. 
potassium  thiocyanate  with  1  mol.  methylene  iodide  in  alcoholic  solution  for  two  or 
three  hours  on  the  water-bath,  washing  the  predpitated  crystals  with  water,  and 
reczystallising  several  times  from  alcohol.  It  is  easily  soluble  in  alcohol  and  ether, 
moderately  soluble  in  hot,  nearly  insoluble  in  cold  water,  and  melts  at  102^.  On 
heating  it  for  a  short  time  with  a  quantify  of  strong  nitric  acid  just  sufficient  to 
dissolve  it,  and  immediately  evaporating  the  mixture  on  the  water-bath,  removing  the 
nitric  acid  by  repeated  evaporation  with  water,  and  treating  the  rendue  with  barium 
carbonate,  the  barium  salt  of  methylenedisulphonic  or  methionic  acid, 
GH'CSO^)'  is  formed  (Julie  Lermontoff,  I>eut.  Chem,  (he,  Ber.  viL  1282). 

BOiyl  Tl&iooyaDatef  CH*.CNS,  obtained  by  the  action  of  ethyl  iodide  on  silver 
thiocyanate,  boils  at  141<'-142°  (Meyer  a.  Wurster,  Und,  vi.  965). 

Vsandopropyl  Thiooyaiiate,  CN^CH(CH*)*,  was  obtained  by  G.  Oerlich 
(Liebkfe  AnnaUn^  dxxviii.  80)  as  a  secondary  pit)duct  in  the  preparation  of  artificial 
mustard-oil  by  the  action  of  potassium  thiocyanate  on  allyl  iodide  (from  glycerin  and 
phosphorus  iodide),  being  doubtless  derived  from  pseudopropyl  iodide  formed  from  the 
glycerin  simultaneously  with  the  allyl  iodide.  It  is  a  liquid  boiling  between  152^  and 
163'',  and  having  a  density  of  0*989  at  O'^  and  0*974  at  16^ ;  decomposed  by  boiling 
water  with  formation  of  pseudopropyl  mercaptan,  and  completd^  resolved  by  nascent 
hydrogen  (einc  and  HCl^  into  the  latter  body  and  hydrogen  cyauide.  Strong  sulphuric 
add  converts  it  into  carbonyl-disnlphodipseudopropyl,  (X)(80'H')',  an  ether  having  an 
offensive  alliaceous  odour.  With  hydrogen  eulphiae  it  yields  pOTsulphopseudopropyl- 
uretiiane,  NH'.CS.SCH',  which  crystallises  from  alcohol  and  ether  in  splendid 
rhombic  laminae,  having  a  silky  lustre  and  mdting  at  97^« 

Q«n»>  ^B    prepared    by  boiling  equal 

parts  of  jB-hexyl  iodide  (iii.  163)  and  potasdnm  thiocyanate  dissolved  in  the  smallest 
posdble  quantity  of  alcohol  in  a  reflux-apparatus  on  the  water-bath  for  an  hour. 
When  separated  by  water,  dried,  and  rectified,  it  forms  a  liquid  having  an  allia- 
ceous odour,  and  boiling  between  206*^  and  207*6**  (Uppenkamp,  JDeut.  Chem,  Gee,  Ber, 
viii.  66). 

Anyl  Tbioeyaaate*  CN.S.CH*.  This  compound,  metameric  with  ordinary 
mustard-oil  (CS=N — OH*),  may  be  obtained  by  a  modification  of  the  processes  em- 
ployed for  the  preparation  of  the  latter : — a.  1  part  of  ammonium  thiocyanate  (instead 
of  the  pot^tssium  salt)  is  dissolved  in  3  parts  of  90  per  cent,  of  alcohol,  and  the 
aoJntion,  cooled  by  ice,  is  mixed  with  the  theoxetacal  c^tiXaI^  i]»i  «JIVA  Vsk^raisSi^^  k» 
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iodida.    Od  adding  icB-cold  water  to  the  rMulting  BolntioQ.  nonn*!  sUjl  4   .^ 

sspaistesin  the  form  of  a  volourlegs  liqoid,  which  gradaallj  tunu  jellov  MM, 

to  light,  and  dissolves  easilj  in  alcohol  and  ether  (Qerlith).     0.   It  n»y  tlM  V  Jl 
parod  by  the  action  arcT^aogeD  chloride  on  thiocyanste  of  lead.     IliiB  nil  iilir 
coQlAct  far  twelpe  hours  with  an  anhydrous  etherosl  solution  of  071 
and  the  liquid  filtered  from  the  resDlFing  maas  ia  evaporated.    The  n 

aista  almost  a-holli;  of  ailjl  thiocyanste,  but  it  eamiot  be  purified  by  d  .      

ia  therehj  conrerted  into  the  isothiocTanate,  or  muatold'Oii  (Billeter,  Drml.  daa. 
Gea.  Ber.  riii.  4S4,  820).  This  change  takes  place  grodoallj  erea  at  otdioHj  hmbm 
heat.  'By  natomt  hydrogen  (?  sine  and  hjdrocMoric  acid)  the  thiocfuiBta  ii  wind 
into  hTdrocjanic  acid  and  b11;1  mercaptan  (Oerlicli).  'Sj potattiitmltfinmttUt 
it  iireaolred  into  potassium  tluoc^^anate  and  ally!  mercaptan;  and  wilA  ■ 
yam  it  yields  all  jl  iaocjanide,  (^ff— CH'.  and  aodiom  moaoenlphi* 

VIienrlTIiliKi7anBtCiCN—S—C*H>,  is  prepared;  (1)>  By  the  ai 
gen  tbiocjBaide  on  diaEobeDEene  sulphate^  (2).  Bt  passing  cyanogoa  t 
nlcohol  in  which  phenylmercaptide  of  lead,  (C'H'S)^Fb,  is  suspended,  tits  *< 
Enirounded  with  an  atntoaphere  of  hydrogen.     In  the  former  owe,  Lhe  reaoltu 
thiocyanote  is  distilled  off  by  heat  in  a  itream  of  hydrogea,  then  dried  and^ 
Eractional  distillation.    In  the  latter  cose,  the  product  mixed  with  vater  yield*  ■  , 
cipitsle  of  nearly  pnra  phenyl  Ihiocyanate,  which  may  be  completely  ponfiad  I?  1«  I 
rectifications. 

Phenyl  thiocyanate  is  a  colourless  liquid,  which  gtadnally  turns  yellow ;  it  1 
density  of  1-155  at  17*5°,  and  boils  at  231°  nnder  a  pressure  of  706  mm.  "Bml 
IBD°-2I}D°  in  a  sealed  tube  with  %drocAA>n0  nci'J,  it  takea  np  hydrogen,  and  iam 
into  phenyl  mercaptan,  carbon  dioxide  and  anuuonia.  With  potoMMna  !_, 
talphide,  even  at  ordinary  temperatures,  it  yields  potasaium  thiacynnat«  and  PMtjt'l 
mercaptan  (Billeter,  Deut.  Chem.  Qa.  Ber.  vii.  1753).  Witli  sainurwiiM^M  k  I 
reacts  differently  frota  allyl  thioeynnato  (p.  eOS).  (iio  decomposition  talcing  {Ww 
according  to  the  equation : 

2(C>f.9,0'H')  +   Na'  =   2NbCN   +   {(im'Sf; 
best  nt  u  tempcraturs  of  120°  (Billeter.  ibid.  riii.  iM). 

Wapbtnyl    TbIooTUiBte,  CN.S.C'H',  prepared  by  the  aWion  of  »_ 
chloride  on  the  lead  salt  of  oaphthyl  mercaptan,  (C'*Il'S)f  b,  iaa  colourleN  mbM 
vl]ich  melts  at  36°,  and  deoomposea  completely  at  its  boiling  point.     ByjH' 
ki/drorvlphidc  it  is  conTertcd  into  potuasiiim  thiocyanate  and  |9-naphthyl  m 
strong  hydrochloric  acid  it  is  resolred,  by  assumption  of  hydrogen,  inC« 
mercaptan,  carbon  dioxide,  and  ammonia;   by  todium-amalffan  at   ISO°-lM*i| 
aodiuiu  cyanide  and  ^naphlliyl  disulphide,  which  forma  tofts  of  small  Ii 
at  132°  (Billeter,  Aid.  Tiii.  163). 


Alcoholic  thiocarbimideB{mustaTd-oihi}  are  fonaed  by  the  action  of  tl 
corbonyl  chloride,  CSCi'.  on  amines : 

CS.a'  +   NBm  c   2HC1  +   CSzd(— R 

With oniUiii  l3ie  product  consiataof  pbenyl-thiocarbimide;  i^  I»«v*t(, tkri 
aniline  is  in  excess,  diphenyl-tbiooarbamide  is  formed,  which  again  utjkl 
converted  into  the  thiocarbinuae  hy  heating  with  excess  of  thiocarbonyl  t^otiile: 


Elhf/ltkiocarliimidt  ia  likewise  easily  produced  by  the  action  of  CSCI'oo  otfa 
(Rathke,  Dal.  CAem.  Get.  Ber.  v.  967). 

Thiocarbimides  treated  with  ateohotie  petaih  are  converted  into  tbi  oqu 
ethers  identical  with  those  which  Hoftnann  obtained  by  heating  the  t~  ' 
with  absolute  alcohel  to  110°  (Iif  8i^l.  1050).     Thns  e  mixture  of 
lumide     with     alcoholic     potash     becomes    hot,    and    deposits 
CS  <^jjn -,,n,.    Allyl.thiocarbinude  (mustard-oil)  b  acted  upon  by  al 
with  even  greater  facility  (R  Schl^  tiii  ii.  1310). 


s  (Hofmenn.  Deul.  Ciem.  Get.  Ber.  -vii.  £08),    Tba  • 
mai    compound.  CS" W— CHV— GK'— Ca>— Ca',  U  obtained    by   boiling   noiL 
butylaraine  witil  rtbjl  alco^iol  a.n4  oMbaa  4\t"i^\iii»,  OT».v"«i»%  iffi.  "Ciia  ^i^u^.^ 
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Itaating  the  residae  with  eolntion  of  mercuric  chloride.  It  boils  at  187^»  and  yieldi 
with  ammonia  a  slowlj  crystallising  dibutjl-thiocarbamide  which  melts  at  79^. 

l8ohutyl'thioearh%mide,(jS^=^ — CH* — CH(CH^*,  prepared  in  like  manner 
from  isobutylamine,  has  a  density  of  0*9368  at  14^,  and  boils  at  162^ ;  the  Uiiocarba- 
mide  prepared  ftom  it  melts  at  66*5^. 

Secondary     Butylrthiocarbimide     or     Methyl-ethyl-thioearbimide, 

GS=N — GH^Q,o5,  prepared  from  secondary  bntyl  alcohol  by  conyersion  into  the 

amine,  &c,  is  a  colonrless  transparent  liquid  having  a  density  of  0*944  at  12®  ;  the 
tbiocarbamide  prepared  from  it  melts  at  935^.  This  modification  of  bntyl-thiocarbi- 
mide  is  the  essential  constituent  of  the  oil  of  common  scurvy-grass  (p.  648). 

Crotonyl-ttaioomrbimida*  CS.N.C^H',  prepared  from  crotonvlamine  (p.  688),  is 
a  colourless  liquid,  having  a  pungent  odour,  like  that  of  mustarcUoil,  aiMl  boiling  at 
179°.  Heated  with  strong  aqueous  ammonia,  it  yields  a  well-ciystallised  thiocarba- 
mide  melting  at  85^  (Hofmann,  loc.  cit,) 

^-Bezyl-tliioomrbiinide,  prepared  from  3-hezylamine  by  Hofmann's  process 
JQst  described,  is  a  colourless  liquid  having  a  density  of  0*9268,  and  boiling  at  197^- 
198^.    By  heating  with  strong  sulphuric  acid,  it  is  reconverted  into  the  amine,  with 
separation  of  sulphur  (Uppenkamp,  Ber.  viii.  56). 

Vlianyl-tliioomrbiinida.  On  the  reaction  of  this  compound  with  aldehyde 
mmmania,  see  p.  899  of  this  volume. 

Tkiocarbimtdea  containing  Aromatie  Acid  Sadiel.es  (Jdiqnel,  Ann.  Ckim, 

Pkyt.  [6],  xi.  289). 

These  compounds,  as  already  observed,  are  formed  by  the  action  of  the  cone- 
•ponding  acid  chlorides  on  lead  thiocyanate ;  the  acid  chlorides  of  the  fatty  series 
under  similar  circumstances  produce  normal  acid  thiocyanates  (p.  606). 

Banmoyl-tliiooarbiinidat  GS=N — CTHH),  is  a  strongly  refraoting  liquid, 
smelling  like  bitter  almonds,  and  having  a  density  of  1*197  at  16^.  Heated  to  200^ 
it  decomposes,  giving  off  torrents  of  carbon  oxysulphide.  It  dissolves  in  ether,  carbon 
dlBulphide,  and  chloroform,  and  unites  with  alcohol,  forming  an  ether.  By  boiling 
ipa^  it  is  completely  resolved  into  benzamide  and  carbon  oxysulphide : 

CS.N.C»HH)   +  HK)  -  NH'.CTHH)  +  080. 

Ammonia^  either  gaseous  or  in  aqueous  solution,  converts  bensoyl-thiocarbimide 
into  monobenzoyl-thiocarbamide,  NH'.CSJ^H(0'H*0).  Amine»  convert  it  into 
thioearbamides  containing  benzoyl  and  an  alcohol  radicle,  s.^.  NH(G^*).0S  J7H(CHH)) 
(p.  400). 

Benzoyl-thiocarbimide  unites  at  ordinary  temperatures  with  aleohoU  and  pkenoUt 
fivrming  thiocarbamic  ethers,  e,g, : 

CS.N.C^H)  +  HOC«H»  -  NH(0^H)).C8.OC«H» 
BeoMVl-tliio-  BthjUo  Bcnsoyl-^hJo- 

oTfafmlds.  OMbanatei 

With  ethyl-  and  methyl-alcohol  the  combination  takes  {dace  readily,  but  the  higher 
alcohols  and  the  phenols  require  to  remain  in  contact  with  Uie  thiocarbimide  f or 
several  weeks  or  months  before  complete  union  is  effected. 

The  thiocarbamic  ethers  thus  formed  are  easily  decomposed  by  heat  or  by  the 
action  of  acids  or  alkalis ;  they  are  desulphurised  by  the  oxides  of  silver  and  mercury, 
forming  the  corresponding  ethers  of  caroamic  acid.  An  alcoholic  solution  of  potadi 
or  soda  forms  with  these  thiocarbamates,  crystalline  compounds  identical  with  the 
potassium  or  sodium  substitution-products  obtained  by  the  action  of  potasdnm  or 
sodium  methylate  or  ethylate  on  benzoyl-thiocarbimide. 

Methylie  BmsoyUkiocarbamate,  NH(C^H»0).OS.OOH',  is  deposited  from  a  boiling 
alcoholic  solution  in  silky  needles  melting  at  97^,  decomposing  at  106^.  It  is  slij^tly 
soluble  in  water,  and  dissolves  easily  in  ether  and  in  methyl  and  ethyl  alcohoL  Its 
solution  reduces  silver,  bismuth,  and  copper  salts  in  the  cold,  and  gives  with 
mercuric  chloride  a  white  precipitate,  and  with  gold  chloride  a  yellow  precipitate. 

Methylie  SoditmrbentoyUthiocarbcmate,  ^]qq^         >    is   obtained   in   small 

crystals  by  the  action  of  alcoholic  soda-solution  on  the  preceding  compound,  or 
by  the  action  of  sodium  methylate  on  an  ethereal  solution  of  b^iioyl-thiocarbi- 
xnide. 

Ethylic  Benttoyl-'thiocarbamate  described  by  Loessner  (J  pr,  Chem.  [2],  x.  286)  as 
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^KlSSVmroffl-thiiKarbamate  is  a  Bjnipy  Uqoid.    Phenylic  B«n«ijrf- 

>  dightlj  ;el1nw  ciysUlliDS  body.  tciDofuble  m  mtor,  Tery  soldble  L 

etiiar.    It  moltB  at  93°,  and  doijoiDposeB  at  a  slightlj  higher  tempetBlon. 

Melabemoyl-tkioDaTbimidc — TEiis  nBine  is  giTsntoB  poljmarJB  wwlHloitl 
of  beamf  l-thiocurtiimide,  whii^h  ia  depoBited  jo  the  fonn  of  an  ontngB-TlJla*  ■ 
stancs,  vhen  recsotty  distilled  beaEoyl-tbiocarbiioidii  b  left  U  nist  for  bodw  WMlbv 
freqaoDtlj  nftst  a  feir  hours,  Wliea  pnrillcd  by  sUoDg  presrare  and  npeUcd  tia 
meut  with  boiliuK  wat«r  and  strong  alcohol,  and  dri^  at  100°,  it  fiums  a  y«lhi 
nmocphoiis,  tastelesa  powdGr,  having  a  faint  aromatic  odonr.  It  melU  al  aboat  U 
to  acolourlees  liquid  irbich  roiaains  (of  a  long  tima  In  n  atnto  of  sorfiuioB.  It  ii^ 
«im}H»(id  by  the  Hied  alkalis,  but  not  hy  ammoaia.  By  vntu  at  300°  it  U  mmIi 
iuto  cariioa  dimidB,  hydrogen  sulphide,  ammonia  and  b«azoic  acid: 

CS.N.CPH'O   +   3H'0   -  C0>  +   H'S   +   NH'   +   CTHt)". 

Nitrii^  acid  disBotres  and  decomposeB  it,  forming  beuKoJc  acid.  By  arotnatie  mosudl 
it  is  coQTerted,  liku  bonzoyl-thiocarbiniida,  into  disuhetitnted  thiocatbamidea  «tf|| 
ing  benzoyl. 

•aUort-tUMjarblmlde,   CS.N.CH'O^  is    fonned  t^  the    octioa   itf  mEi 

chloride  on  thiocyanate  of  lead,  bat  haa  oot  boon  obtained  m  the  pun  atsta.  oni 
count  of  the  diffleulr.;  of  freaing  the  aalicyl  chloride  from  TiKons  prodncta  aod  [h 
phoroB  QiyclLlaFide.  The  magma  prodneed  by  the  reaction  yielda  to  ether  Hm  vtM 
of  the  thiocarbimide ;  and  on  expelling  the  ether  by  heat  or  by  expoaim  t<v  a  ih 
lime  in  a  Tucuum,  a  thick  brown  syrup  is  left  which  cannot  be  dietiUed,  wreD  lad 
reduced  pressure,  without  decompoaing  and  giving  off  carbon  oxyBulphide.  That 
oonsiata  m  great  part  of  ealicyl-tlliocarbimide  is  sbown  hoveTar  by  ita  reoctiODi :  tk 
with  tDoter  nt  100°  it  yields  aaliejUmide  and  carliiia  oiyaulpbide  ;  mntiKmaa  MMM 
it  into  aalicyl-thiocarbamide  ;  and  with  aniU-M  it  llkewiae  yielda  a 
SBliL'yl-thiaCBlhimide  is  isomeric,  if  not  identica],  irith  tile  th 
acid  (p.  269)  which  Rathke  a.  Schaefer  obtaiiml  by  the  action  of 
lido  on  amJdobBDzoic  acid  (Miquel), 

ntthl 007*11  to  Bold.CN'S-H^  ThiBpalymerideof  thiocyanic. 
&om  perthiocyanic  acid  by  the  action  of  potaah  eitiior  in  aleohoL'  ~ 
solutioD.     In  the  former  case  the  potansium  salt  of  dithionic  acid  s 
the  Lberated  aalphnr  remaina  in  solution ;  in  tho  latter,  tJis  coni 

Potauiam  ditkioeyanaie,  C"N'S^'  +  H'0,  c^BtaUiaes  in  moaoclinic  

ia  aleohol,  ^ely  soluble  in  water,  and  melting  at  170°.  On  treating  it  withal 
acid,  free  dithiocyauic  acidgradaalljaeparateH  in  the  form  of  a  dark  yellow  1 
"lioAj,  which  may  be  dissolved  by  alcohol  or  by  hot  water,  but  aaffera  d 
in  the  latter  caae.    The  barium  tail,  C'N^S'Ba  -f  SH'O,  is  easily  aoluble 

astiUifes  in  rhombic  prianii.  The  copper-aaU  is  a  brown-red  powdt 
'er  falU  are  lemon-yellow  powders :  alt  throe  insoluble  in  water.  A 
•aXt.  Clf'S'AgK,  may  be  obtained  in  the  form  of  pale  yellow  scsli 
elher,  O'N'S'fCH')',  prepared  from  the  potassium  salt  by  means  of  e 
a  thiekish  red-brown  liquid  not  volatile  without  decompoaition  (A.  Fit 
AttMaten,  clxiii.  204). 

VertblooTBDle  acld.C^N'S'H'liv.  37B;  2iuj  Suppl.  8»9).   The  pnfaal 
and  propartiaa  of  ibis  body  have  lately  beeD  etodied  by  B,  W.  Atkinaon  (CT 
Jimr.  1B77,  ii.  S6S).    He  Suds  that  the  yellow  precipitate  obtained  in  t2iB  ui 
by  decomposing  potassium  thiocyanata  with  hydrochloric  acid  diffen  ia  eon 
accoidingly  as  it  ia  wnahed  with  hot.  or  with  cold  water,  and  that  to  obtain'  • 
produi't,  the  acid  must  be  crystallised  &om  hot  water.    It  then  separates  in  loi 
often  carredwoollytufta,  which,  alter  drying  in  the  air  and  pressure  betWMB  U 
paper,  da  not  loae  more  than  a  trace  of  moisture  when  heated  U>  120°.     '"   ' 
the  alcoholic  solution  of  the  add  with  en«Bs  of  silver  nitrate,  a  yellm 
was  obtained  having  the  composition  CN'S'Ag',  and  with  atualler  qnaati 
nitrate,  precipitates  were  formed  approximating  to  the  formola  CN'SMj 
the  diargentic  salt  ia  boiled  with  v&tvT.  efTerrescence  takes  place,  and  a  bl. 

tato  ia  mrmed,  the  composition  of  which  baa  not  been  determined.     The  y 

cipitate  iiinned  by  mercuroas  nitrate  in  a  solution  of  penhiocyanio  add,  hai  a 
Ihe  compoaition  CN-S'Hg',  and  is  not  perceptibly  decomposed  by  hoadng. 

The  formatioa  a!  Aie  duug^aVic  e£d.  di.ta&icaiaua  salts  ia  easily  accaUB 
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.NH-CS 
iii.   S43),   Tiz.  Gd^  |    ,  which  is   aDalogous  to   that  of   parabanic  acid, 

\nh-s 

>NH— CO 
CO^  I    .    The  formula  is  likewise  in  accordance  with  the  formation  of  thio- 

Nnh— 0 

carbamide  and  carbon  disnlphide  by  the  action  of  nascent  hydrogen  (tin  and  HCl)  on 
the  acid : 


03^  I      +  H«  =  CS«  +  CS<. 


The  following  reactions  of  perthiocjanic  acid,  examined  b^  J.  Fonomareff  (Compt. 
rmtd.  Izxix.  1885),  point  to  a  aifferent  formula  of  the  acid,  viz.  C'N'l^H,  as  proposed 
by  Laurent  a.  Gbrhardt. 

U  Pkatphanu  prntaehloride  begins  to  act  on  the  acid  at  125°|  a  red-brown  pungent 
oil  distilling  oyer.  At  about  170^  large  shining  lamince  sublime  on  the  sides  of  the 
retor^  consisting  of  solid  cjanop^en  cMoride,  CNH)!',  and  a  distillate  is  obtained  con- 
taininff  j^osphorus  sulphodilonde,  FSOl',  together  with  sulphur  chloride,  8K?1'»  and 
phosj^orui  trichloride.  The  formation  of  these  products  may  be  represented  bj  Uie 
following  equation : 

OWS»H  +   8PCa»  -   2Pa»  +  S«C1«  +  PSC1»  +  hoi  +  0»NH)1». 

2.  Perthioeyanio  add,  heated  to  160^-160°  in  a  sealed  tube  with  excess  of 
ammoma,  ptlds  ammonium  thiocyanate,  which  may  be  expelled  by  eyaporating  the 
ixroduct  with  water, — ^and  needle-shaned  crystals,  which  may  be  reciystallised  from 
Doiling  water,  and  are  slightly  soluble  in  cold  water,  but  insoluble  in  alcohol  and 
•ther.  Theee  ciystals  partly  sublime  when  ^ntly  heated,  and  give  off  ammonia  at 
higher  temperatures.  They  have  the  composition  O^^N'S,  and  react  like  roelamine 
thiocyanate,  0'N>(NH<)'.ONSH  (p.  604),  being  resolved  by  potash  into  melamine 
and  potassium  thiocyanate. 

Ae9iyl'f9rth%oeyan%o  aeid,  0*H(0>H'0)N*S* (Nencki  a.  Leppert,  DetU,  Chent, 
6m,  Ber,  n,  002). — ^This  acid  is  formed,  as  already  obsenred  (p.  603),  by  heating 
ammonium  thioovanate  with  acetic  anhydride  or  acetic  acid.  In  the  former  case,  the 
heat  should  not  be  allowed  to  rise  above  80°.  The  resulting  liquid  solidifies  on  cooling 
to  a  czystidline  mass,  which  when  treated  with  an  equal  volume  of  water,  yields  a 
copious  granular  precipitate  of  acetyl-perthiocyanic  acid.  The  product  may  bo 
washed  with  cold  water  and  recrystallised  from  00  per  cent,  alcohol.  When  acetic 
acid  is  used  in  the  preparation,  a  small  quantity  of  a  reddish  crystalline  body  is  also 
formed,  from  which  the  acetyl-perthiocjranic  acid  may  be  separated  by  solution  in 
dilute  ammonia  and  precipitation  with  hydrochloric  acid. 

According  to  De  Clermont  (Campt  rend,  Ixxxii.  1108),  acetyl-perthiocvanie  acid 
may  also  be  prepared  by  boiling  acetic  anhydride  with  peithiocyanic  acid  in  a  reflux 
apparatus. 

Acetyl-perthiocyanic  add  ciystallises  from  alcohol  in  yellow  needles.  It  dis- 
solves in  alcohol  and  ether  more  readilv  than  in  bculing  water.  The  solutions 
have  an  add  reaction,  and  yield  with  tne  greater  number  of  metals,  amorphous 
insoluble  prtdpitates.  It  dissolves  easily  in  mlute  ammonia,  and  separates  unaltered 
on  addition  of  a  stron^r  acid.  By  the  fixed  alkalis,  on  the  contrary,  it  is  rapidly 
decomposed,  the  resulting  solutions,  when  acidulated  and  warmed,  giving  off  acetic  acid 
and  hydrogen  sulphide. 

The  omy  metallic  acetyl-perthiocyanate  which  has  been  obtained  of  constant  com- 
position is  uie  eoppeiyMU,  On  adding  cupric  sulphate  to  a  solution  of  acetyl-per- 
thiocyanic acid  m  dilute  ammonia,  an  okve-green  amorphous  precipitate  is  formed 
which  quickly  turns  red,  and,  according  to  the  results  of  copper  and  nitrogen  deter- 
minations, api>ear8  to  have  the  composition  20u[0*H(C*H'0)K^*  +  CuO. 

By  the  action  of  reducing  a^erUs  (iron  filings  and  acetic  add,  or  tin  and  hydro- 
chloric add)  acetyl-perthiocyanic  add  is  converted  into  thiocarbamide. 

OTAWIBB  OV  AOBTT&t  CH'O.CN.  In  preparing  this  compound  by  Hfibner's 
method  of  heating  acetyl  chloride  with  silver  cyanide,  Fileti  (Gate,  ehiw.  i'al.  v.  801) 
»i  tainad  a  first  fraction  containing  a  small  quantitv  of  acetyl  chloride,  a  S9c  jnd  portion 
iHjiling  at  08'',  and  consisting  of  the  cyanide,  and  a  third  fraction  from  i^bout  03^- 
200^.  The  first  fraction,  when  allowed  to  evaporate  at  the  ordinary  temperature, 
left  a  colourless  crystalline  residue,  which,  after  being  purified  by  crystallisation  from 
akohol,  melted  at  120^,  and  gave  off  ammonia  when  heated  with  a  solution  of  potash. 
The  portion  boiling  up  to  SM'*  also  deposits  cry«ta\a  wVieni  OM\ti\  Vs  ^  mxiXiQis^^V 
^dSmp.  E  R 
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ice  and  salt    This  new  compound  may  perhaps  be  a  poljmeride  of  ao«^l  cjaiiid% 
produced  by  the  action  of  heat ;  or,  less  probably,  the  nitnl  of  pymyie  add. 

CTAWIBB  or  BTBHOOaH,  GNH.  SpaniansouB  AUeratiom,— It  is  veil 
known  that  anhydrous  hydrocyanic  acid  sometimes  suffers  decomposition  id  a  Tciy 
short  time,  whereas  at  other  times  it  may  be  kept  for  months  without  changa.  This 
difference  arises  from  the  calcium  chloride  used  in  diyinjg  the  acid.  If  the  ealeiam 
chloride  is  neutral,  the  acid  obtained  will  be  pure ;  but  if  the  diloride  is  alkaline^  as 
it  is  when  ignited  in  the  open  air,  the  acid  rapidly  decomposes.  The  ezplanatioD  of 
this  fiict  is  that  on  the  contact  of  the  acid  with  the  lime  contained  in  the  ip^nitcd 
calcium  chloride,  calcium  cyanide  is  formed ;  this,  with  the  water  contained  m  the 
hydrocyanic  acid,  gives  rise  to  the  formation  of  calcium  formate  and  ammonia,  and  it 
is  known  that  a  trace  of  ammonia  is  sufficient  to  determine  the  deoomporitioB  at  the 
anhydrous  hydrocyanic  acid. 

If  some  pure  anhydrous  add  be  heated  in  a  sealed  tube  for  four  or  fire  hoars,  ths 
liquid  solidifies  to  a  compact  black  mass.  On  opening  the  tube,  there  ia  no  e?oliitiaa 
of  gas,  and  the  black  substance  has  the  total  weight  of  the  add  employed,  and  the 
same  centenmal  compodtion.  On  heating  it  in  a  tube  open  at  one  end,  ammniiiiai 
cyanide  is  at  first  formed,  then  cyanogen,  and  a  carbonaceous  reddna  is  left ;  Imt  it 
may  be  heated  to  50^  wiUiout  alteration.  On  treating  the  black  snbetaaoe  witheth*, 
a  crystallisable  body  is  obtained.  A  similar  decompodtion  takes  place  on  heatii^ 
the  anhydrous  acid  with  alcohol  or  ether  (J.  de  Giranl,  Oompt,  rend.  Izzziii.  S44). 

Polymmaation. — The  polymeride  of  hydrocyanic  add,  CKPH',  which  Laqgi 
obtained  by  the  action  of  nydrocyanic  add  on  epichlorhydrin  (2nd  8uppL  411),  hsi 
been  farther  examined  by  R.  Wippermann  {Deut,  Chem.  Gea.  Ber.  yii.  767)1  Thii 
body  is  always  formed  when  aqueous  hydrocyanic  add,  either  dilute  or  oonoentated,  is 
kept  for  a  week  in  contact  with  a  solution  of  caustic  alkali  or  alkaline  cazbGoat*: 
azulmic  acid  is  formed  at  the  samd  time.  The  trihydrocyanic  acid  ia  eztiaeted 
from  the  product  by  ether,  and  after  evaporation  of  the  ether,  purified  byreeijBtalUa»- 
tion  frcmi  boiling  water.  It  forms  crvstals,  apparently  tridinic,  exhibiting  the  eooi- 
bination  OP  .  oo  P  .  oo  P  oo,  and  tabular  from  predominance  of  OP  ;  they  deeonposB 
partiallv  at  a  temperature  bdow  their  melting  point  (180^),  and  when  heated  abore 
that  point,  undergo  explodve  decompodtion,  with  emisdon  of  hydrocyanic  add. 

The  constitution  of  this  compound  is  inferred  from  its  reaction  with  barium  p«^ 
oxide  and  with  chlorine,  both  of  which  act  upon  it  with  aid  of  heat,  in  anch  a  naaatr 
that  it  is  resolved,  with  addition  of  water,  intoglycodne  (amidacetic  add),  carbon  diosidi, 
and  ammonia.    Hence  Wippermann  condudes  that  trihydrocyanic  add  has  the  eooiti- 

tution  of  amidomalo-nitiril,  OH(Nfl')^Q^,  which  is  resolved  by  assumption  of 

water  into  ammonia  and  amidomalonic  acid : 

CH(NH»)<^   +   4HK)  «   2NH»   +   CH(NH«)<^OTa' 
this  add  being,  however,  immediately  resolved  into  amidacetic  add  and  cariwn 
dioxide : 


^^,„        CH^NH*) 
CH(NH«)<^S^   -  l^^^  +  C0« 


CTAWIBB8,  MBTA&XiZC.  These  compounds  (e.g.  potassium  or  one  ^anid«) 
are  decomposed,  with  evolution  of  hydrogen  cyanide,  by  passing  a  stream  of  an  indif 
ferent  gas  (CO*,  H,  or  air)  through  their  aqueous  solutions  (Naudin  a.  de  Monthoka, 
Campt,  rend,  Ixxxiii.  845). 

A  pure  solution  of  idkali-metal  cyanide  is  easily  obtained  by  fhsing  dehydntsd 
potassium  ferrocyanide  with  sodium,  and  lixiviating  the  product : 

2(CN)«FeK«   +  Na«  =  8CNK  +   4CNNa  +   Fe« 

(Erlenmeyer,  Leut.  Chem.  Gea.  Ber.  ix.  1840). 

Potassium  ^anide,  treated  in  aqueous  solution  with  hydrogen  mdpkide,  yieidi 
chry se an,  C*H*N*^  (p.  468).  With  calcium  hypockhrite, it  yiMn  calcium  ^ax^vuia 
(folminate),  together  with  potasdum  chloride  (Knno,  J,  Pharm.  Chim,  [4],  zziL  401). 

Maronrio  Cyanide.  Compounds  with  the  Earth-metdU. — The  following  hodiai, 
represented  by  the  formula  MKil«.6Hg(CN)«  + 1 6H»0  (where  M«Ge,  La,  Di.  Y,  sad 
£r),  are  obtained  by  crystallisation  from  a  solution  of  mercuric  cyanide  with  an  9Utm 
of  the  respective  chlorides.  They  are  all  very  soluble,  and  lose  their  water  of  ayiCal- 
lisation  at  100°,  and  over  oil  of  vitriol.  They  crystallise  only  from  solations  eontaii- 
ing  an  excess  of  the  chloride.  Cerium  salt :  tough,  asbestos-like  needles.  Limlkmwm 
eait'.  colourless,  BWk.7  noodXea.  I>id't}m\um  solt\  T<:3«Rrc^Qrax«l«  elastic  nesdlo. 
Yttrium  ealt :  oo\ouiVw»,  rai^aXA,  axA  -w^XV-^ek^x^edL  ^^voi^A^t^B^^Q^  ^  TOkOA.'^i!^ 
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oil  of  vitriol.  Erhium  salt :  reddish,  resembling  the  preceding  (J.  E.  AhleHf  Bttll. 
Soc.  Chim.  [2],  xxvii.  365). 

Tballlnm  Csranldes  (Fronmiiller,  Deut.  Chem.  Ges,  Ber,  vii.  1178.  Inaugural- 
dissertation,  Marburg,  1876).  Thallious  cyanide,  TICN,  is  prepared  by  mixing  n 
solution  of  thallious  sulphate  saturated  at  the  boiling  heut  with  a  quantity  of  saturated 
baryta-water  sufficient  to  precipitate  the  whole  of  the  sulphuric  acid,  and  adding  to 
the  cold  filtrate,  first  concentrated  hydrocyanic  acid,  and  then  a  large  quantity  of 
alcohol,  and  as  much  ether  as  will  dissolve  in  the  liquid.  An  amorphous  white  pre- 
cipitate is  thus  formed,  which  is  quickly  washed  with  ether-alcohol,  and  dried  m  a 
vacuum. 

Thallious  cyanide  oystallises  from  a  hot  concentrated  solution  in  small  glistening 
plates;  it  smeUs  strongly  of  hydrocyanic  acid,  and  is  readily  soluble  in  water;  100 
parts  of  water  at  28*5^  dissolve  16*8  parts.  When  heated,  it  melts  and  decomposes,  a 
non-infiammable  gas  being  given  off,  and  metallic  thallium  mixed  with  carbonaceous 
matter  being  left  behind.  The  i^ueous  solution  has  an  alkaline  reaction,  and  is 
readily  decomposed  by  carbonic  acid.  When  the  solution  is  heated  in  a  sealed  tube 
for  some  time,  the  salt  is  completely  decomposed  into  ammonia  and  thallium  formate. 

Thallium-silver  Cyanide,  TlON.AgON,  is  prepared  by  adding  silver  cyanide 
to  a  solution  of  thallious  cyanide  or  of  thallious  oxide  mixed  with  hydrocyanic  acid, 
and  evaporating  the  resulting  solution.  It  forms  small  dazzling  white  crystals  which 
are  decomposed  by  strong  acids  (nitric  acid)  into  silver  cyanide  and  a  thallium  salt. 

Thallium-gino  Cyanide,  2TlCN.Zn(CN)*,  prepared  like  the  silver-compound, 
forms  colourless  hemihedral  crystals  of  the  regular  system,  permanent  in  the  air, 
easily  soluble  in  water,  100  parts  of  water  dissolving  29*67  parts  of  it  at  81^,  16*17  pts. 
at  140°,  8-67  pftTta  at  0**. 

Thalloso-tnereuric  Cyanide,  2TlCN.Hg(CN)*,  forms  colourless  monometric 
crystals,  of  which  100  parts  of  water  dissolve  10*28  pts.  at  10^,  and  7*9  pts.  at  1^. 

Thalloso-oobaltio  Cyanide,  Com«(CN)»*-6TlCN.CoXCN)«,  prepared  by 
beating  thallious  cyanide  on  the  water-bath  for  a  considerable  time  with  cobaltous 
oxide  and  hydrocyanic  acid,  crystallises  in  faintly  yellowish  crusts.  100  parts  of 
water  dissolve  10*04  pts.  of  the  salt  at  19*5^ ;  6*86  pts.  at  0*6^ ;  3*6  pts.  at  0^.  It  is 
decomposed  by  nitric  and  by  dilute  sulphuric  acid,  with  separation  of  thallium  salt 
and  formation  of  hydrocobalticyanic  acid.  With  salts  of  the  heavy  metals  it  forms 
coloured  precipitates. 

Thalloso-tkallic  Cyanide,  T1CN.T1(CN)',  prepared  by  treating  moist  thallic 
oxide  with  moderately  concentrated  hydrocyanic  acid,  and  evaporating  the  solution, 
separates  partly  in  tabular  crystals,  partly  in  double  pyramids  belonging  to  the 
rhombic  system,  P  :  P  in  the  lateral  edges  =  126*8^ ;  in  the  terminal  edges,  99*8®  and 
100*66^  100  pts.  of  water  dissolve  27*31  pts.  of  the  salt  at  80°  ;  16*29  pts.  at  12'', 
9*76pta.  at  0<>. 

Thallosothallio  cyanide  is  unstable  in  aqueous  solution,  being  resolved  into 
thallious  formate,  ammonium  formate,  ammonium  carbonate  and  ammonia,  according 
to  the  following  equation : 

T1«C*N«  +  9HH)  -  2CHT10'  +  CH(NH«)0*  +  (NH«)HX>»  +  NH». 

Mineral  acids  decompose  it,  with  erolution  of  hydrocyanic  acid  ;  potash  throws  down 
thallic  hydrate,  leaving  thallious  oxide  in  solution  ;  hydrogen  sulphide  precipitates 
part  of  the  thallium  as  black  thallious  sulphide,  Tl'S ;  silver  nitrate  throws  down 
silver  cyanide ;  potassium  iodide  and  zinc  iodide  throw  down  thallious  iodide.  These 
reactions  show  that  the  formula  of  the  thallium  cyanide  under  consideration  is  really 
TlCN.Tl(CN)*,  and  not  Tl(ON)*,  and  this  conclusion  is  further  estoblished  by  the  fact 
that  the  solution  of  thallic  oxide  is  attended  with  evolution  of  carbon  dioxide,  the 
course  of  the  reaction  being  represented  by  the  following  equations : 

(1)  2T1K)«  +   8CNH  -  2T1«C*N«  +  0«  +  4H»0 

(2)  4CNH   +   0«  «   4CN   +    2H«0 
(8)                    4CN   +   0«  +   6H«0   =   4C0«  +   4NH» 
(4)                 2CNH   +   0»  +   2H«0   =   2C0«  +   2NH» 

On  Cyanide  of  ThaUium  and  Platinum,  see  p.  616. 

Fbhrocyanides,  R^Fe^CCN)". 

The  black  matter  left  in  the  calcination  of  pure  dry  potassium  ferrocyanide  con- 
sists of  a  mixture  of  metallic  iron  carburised  to  about  the  same  extent  as  pig-iron, 
with  magnetic  oxide  of  iron  and  uncombined  carbon,  as  e^bibitAd.  m  tbft  ,^A!lss<«^a!^ 
table : 

bb2 
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Ketallic  iron.       Iron  as  magnetic       Carbon  nnoom-       OsrbOB  ermHnaiL 

oxide.  bined.  with  iron. 

8206  27-66  2746  1-17 

Carbon  as  oyanogen.       Potaaaiam.  Nitrogen.  Oxygen. 

0-24  0-81  0*29  10-50 

(A.  Terreil,  Compt.  rend.  Ixxxii.  466). 

The  following  ferrocyanides,  obtained  by  precipitating  a  solution  of  the  poU«tini 
salt  with  solutions  of  the  several  metals,  haye  been  examined  by  Wjxoubcff  (if m. 
Chim,  Phy$,  [6],  Tiii.  444).*    Compare  2nd  Suppl,  412. 

(1.)  ConUUnmg  only  a  UnivaUnt  Metal : 

BUTer  Salt,  Ag«Fe(GN)*  +  HK).    White  vety  deliqaescent  salt,  oonTerted  by 

ammonia  into  the  oompoond,  Ag^e(ON)".(NH«)*0'. 

(2.)  ConUdning  Bivalent  MetaU: 

Copper  Mats.  Ca>Fe(CN)"+10HK)  (HatcheU's  brown);  {Qt*yV(CSf,' 
K«Fe(CN)«+12H«0  (dark  brown);  and  CiiKFe(CN)»  +  H»0 ?  (red-brown).  Thi 
mother-liquor  of  the  first  salt  slso  contains  a  salt  having  the  compoiitioii 
Cu«K«Fe(CN)«  +  6H«0. 

Bong  {Compt.  rend,  Ixxx.  669)  describes  a  red  copper-compound  Fe(7o((7N)'.4H*0  Q\ 
prepared  by  adding  potassium  c^mide  to  an  acid  solution  of  a  co|>per-8alt,  tall  tki 
roee-colonr  at  first  produced  has  disappeared,  and  then  adding  an  acid  iron  edntioa. 
From  the  resulting  precipitates,  which  contain  pmssian  Uue^  ammonium  caxbooati 
extracts  copper  cyanide  and  a  colouring  substance  which  may  be  separated  ficom  the 
alkaline  solution  by  an  acid.  This  last  precipitate  is  fi^ed  from  copper  by  hydrofaa 
sulphide,  and  the  latter  is  removed  by  lead  carbonate.  The  resulting  purple  aoliitiot 
from  which  the  colouring  matter  cannot  be  removed  by  iron  or  lead  salts,  but  is  eam- 
pletely  precipitated  by  zinc,  copper,  and  mercury  salts,  yields  with  eupiic  acetate  a 
compound  said  to  have  the  formula  above  given.  The  solution  of  uiis  colovriqg 
matter,  after  being  freed  from  copper,  yields  an  ammonium  salt  which  dries  19  in  a 
vacuum  to  a  red  mass.  It  is  not  decomposed  by  boilinff  aqueous  alkalis,  or  l^  s«l- 
phurous  acid  or  hydrogen  sulphide ;  but  nitric  add,  <mlonne,  and  merenrie  oxids 
destroy  it  quickly. 

Cobalt  salts.  (>)'Fe(GN)".E«Fe(C;N)*  (dark  violet);  2C6Ve{CSy.WlL 
Fe(CN)«.K^e(CNy+14H»0?  (pale-red);  Ck)«Fe(CJN)«  +  7H»0  (emerald  greoi);  and 
2CJo«Fe(ON)«.Co«[Fe(CN)«]«?  (grey-green).  The  first  of  these  salts  is  obtained  fcy 
precipitation  with  potassium  ferrocyanide ;  the  second  in  like  manner  with  excesi  of 
the  latter ;  the  third  and  fourth  with  hydrogen  ferrocyanide ;  the  fourth  with  exeen 
of  the  latter. 

Viokel  salts.  Ni2Fe(CN)«.E«Fe(CN)"  +  6H<0  (light  ros^coloured),  from  yeOov 
prussiate  and  nickel  soliition;  Ni«K«[Fe(CN)*]«.K«F^CN)«+ 13H*0?  (liribt-peea), 
prepared  with  excess  of  yellow  prussiate;  Ni*Fe(0N)*  +  14H*0  or  11H*0,  with 
hydroferrocyanic  acid;  combining  with  14H'0  when  precipitated  in  the  cold;  with 
llH'O  at  boiling  heat. 

Sine  salts.  3Zn^e2(CN)«.K<Fe(CN)"  4  12HK)  and  Zn>Fe(CN*)  •«- 4H*0,  axe  white 
precipitates,  the  first  formed  with  yellow  prussiate*  the  second  with  hydrofenoeyaaie 
add.  There  is  also  a  zinc  ferrocyanide,  Zn'Fe(ON)'  +  6H^,  obtained  by  treating  tht 
ferricyanide  with  ammonia. 

Cadmium  salt,  Cd*E>Fe(CN)*  + 1 1H*0  ?    Pale  yellow ;  converted  by  ammooit 
into  red  crystals.  (M"[Fe(CN)«]«.2(NH«)K)  ?  soluble  in  ammonia. 
(3.)  Containing  Trivalent  Metals: 

Cerons  rorrooyantdo  occurs  in  the  salts  Ce''1IFe(CN)' +  4H^,  a&d 
Oe*.3Fe(CN)"  +  30H>0,  both  of  which  are  white;  the  first  is  prepared  with  potanva 
ferrocyanide,  the  second  with  hydrogen  ferrocyanide. 

BIdsrmlopotasslo  rerrooyanldo,  Di'''KFe(CN)*,  crystallises  with  SH^ 
(Wyrouboff),  with  4H»0  (Cleve). 

XABthano-potassio  rorrooyaoldo,  La''XFe(CN)"  +  4H'0,  is  prepared  fib 

the  corresponding  cerium  salt. 

Tttrio-potasslo  rerrooyanido,  Y'"K.Fe(CN)*  +  2H>0,  is  a  white  powds 
(Cleve  a.  Hoeglund). 

Aluminium  Vorrooyanlde,  Al«.3Fe(GN)"+  17H*0,  (?)  is  a  blnish  white  «]t 

slightly  soluble  in  water. 

•  Some  of  Wyroubotl'R  tonxvxi\sft»T<itvuomvAwv»^wA'^«JwX\l\ara^^ 
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Bismuth  Varrocyanidet  (Bi — Bi)'^.Fe(GN)'  -i-  5U''0,  is  obtained  by  precipita- 
tion vrith  hydrogen  ferrocyanide  ;  bismtUhopolassicferroci/anidef  Bi'"K.Fe(CN)'  +  4H'0, 
with  pota88iam  ferrocyanido  (Wyrouboff). 

Mnir  (Chem.  Soc.  J.  1877,  i.  654),  by  adding  a  cold  (preyiooBly  boiled)  eolation  of 
bismuth  nitrate  to  a  solution  of  potassium  ferrocyanido  in  boiled  -water,  obtained  a 
white  precipitate,  which  after  diying  oyer  sulphuric  acid  in  a  vacuum,  exhibited  the 
composition  Bi*.dFo(CN^'  [bismuth  quinquivalent].  This  salt  becomes  slightly 
coloured  even  when  dried  in  the  exsiccator  as  above,  and  at  100^  it  gives  off  hydro* 
cyanic  acid,  and  becomes  more  or  less  deeply  covered  with  a  blue  &m  ;  it  becomes 
darker  in  colour  at  160^,  and  is  completely  decomposed  at  180°.  By  warming  with 
Teiy  dibite  nitric  acid  it  is  converted  into  the  ferricyanide  (p.  616).  The  same 
change  takes  place  more  or  less  completely  when  the  ferrocyanide  suspended  in  water, 
cold  or  boiling,  is  subjected  to  the  action  of  bromine  or  chlorine,  and  in  presence  of 
cold  or  hot  solutions  of  caustic  soda,  the  ferrocyanide  is  completely  decomposed  hv 
bromine  or  chlorine,  the  whole  of  the  bismuth  and  iron  contained  in  it  being  precipi- 
tated (Muir,  ibid.  ii.  44). 

(4.)  Containing  Quadrivalent  Metah: 

TlBMOts.  Sn>*KMlFe(CN)*  +  230H*O,  is  a  white  mass  ^Atterberg,  BW/.  8oe. 
Ckim.  [2],  xxiv.  366).  According  to  Wyrouboff,  stannous  chloriae  and  yellow  prussiate 
yield  a  dark  grey  tolt,  Sn*.2Fe(GN)*  +  18^H'0 ;  stannic  chloride  and  yellow  prussiate 
a  white  salt,  §n'.4Fe(GN)'  +  4H'0 ;  stannous  chloride  and  red  prussiate,  a  bluish-white 
salt,  Sn*.4Fe(CN)'  +  26H>0.    These  formulae  are  very  improbable. 

Tttaninm  salts.  ^'^|.2F€(CN)«+23H«0  and^^'^|.6Fe(CN)«+110H«O    are 

precipitates,  the  first  yellowish*brown,  the  second  dark  brown  (Atterbere). 

Wyrouboff  describes  three  titanic  ferrocyanides  represented  by  uie  anomalous 
formula  Ti»K».2Fe(CN)«  +  1 IHK) ;  Ti».llFe(CN)«.K«Fe(CN)«  +  43H»0 ;  and 
Ti^2Fe(CN)*+26HK),  prepared  with  yellow  prussiate  and  titanic  oxychloride,  the 
first  with  excess  of  yellow  prussiate,  the  second  with  a  moderate  excess,  and  the 
third  with  a  large  excess  of  titanic  oxychloride.    They  are  all  brown  precipitates. 

(6.)  Containing  Quinquivalent  Metah: 

Vaaadlnm  rerrooymnlda*      «-« >  .4Fe(GN)'  +  60HH),  is  a  greenish  precipitate 

formed  with  excess  of  potassium  ferrocyanide ;  the  salt  2V0.Fe(Cy)'+ 1 IHH),  on  the 
•Other  hand,  is  a  yellowish-green  pulverulent  precipitate  formed  in  presence  of  excess 
of  potassium  vanadate  (Atterbeig). 

Wyrouboff  describes  the  compound  VK*".6Fe(Cy)"  as  a  light  green  salt,  slightly 
soluble  in  water.  Atterberg  is  of  opinion  that  Wvrouboff^s  calculation  is  vitiat^  by 
non-attention  to  the  fiict  that  yanadic  acid  is  reduced  by  potassium  ferrocyanide  to 
Tanadium  dioxide. 

Hioblnm  rerrooymnlde,  ^^^|.6Fe(CN)*  +   10H*O,    is   a    bioWnish   salt 

(Atterberg). 

Wvrouboffde8cribesthe8alt8NbwK.2Fe(CN)«  +  67H«0  and  Nb»»K«.Fe(CN)«+  89HH). 
the  latter  prepared  from  potassium  niobate  and  yellow  prussiate,  with  subsequent 
addition  of  hydrochloric  aad, — the  former  with  a  large  excess  of  yellow  prussiate. 

(6.)  Containing  Sexvalent  Metals: 

Molybdenum  salts,  ^^^^I 1 .2Fe(CN)«.2MoO'  +  20HK),  is  a  brown  precipiUte. 

A  similar  salt,  ^°^|.2F€(CN)«.2MoO«+12H«0,  obtained  with  excess  of  potassium 

ferro^anide,  is  a  brownish  powder  soluble  in  water  (Atterbeig). 

Wyrouboff  describes  a  dark  brown  salt,  Mo»Fe(CN)«.K«FeffiNy + 40H«O  ;  a  lighter 
brown  salt,  Mo*Fe(CN)«  +  20HK) ;  a  veUow-brown  salt,  Mo*Fe(CN)«  +  8H«0 ;  and  a 
light  brown  salt^  Mo^e(GNV+  14H*0.  The  first  is  obtained  with  yellow  prussiate 
and  acid  ammonium  molybaate ;  the  second  with  yellow  prussiate  and  molybdons 
chloride  or  a  molybdic  oxv-salt ;  the  third  with  hydroferrocyanic  acid  and  ammo- 
nium molybdate ;  the  fourth  in  like  manner,  but  witn  excess  of  hydrofeiroc^nic  acid. 
Of  these  salts  the  fourth  is  very  soluble  in  water,  but  may  be  precipitated  firom  the 
aqueous  solution  by  alcohol.  They  are  all,  except  the  third,  indinea  to  decompose  in 
contact  with  the  air.  They  all  dissolve  in  ammonia,  and  are  precipitated  therefrom 
by  acids :  in  this  way,  the  third  salt  may  be  prepared  from  the  fourth.  The  deter- 
mination of  the  iron  and  of  the  molybdenum  in  these  salts  is  difficult,  but  may  be 
effected  by  oxidiaing  the  salt  with  nitric  acid  and  ad^n%  vamvoii\^^^\i\^\T<d6;:^ 
stea  the  iroD  ;  or  the  molybdenum  may  be  estimatM  yo\um«\x\C8^'^  Vn  ^t^avcNCA  ^\^ 
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iron  by  Fisani's  method  (reduction  with  zinc  and  hydrochloric  acid,  and  titntion  with 
permanganic  acid),  whereby  first  the  molybdenum  and  then  the  iron  ia  oxidiigd  (thif 
mode  of  titration  cannot  be  exact;  Jahtesb,  /.  Chem.  1876,  318).  AooordiBg  to 
Atterberg,  the  analysis  of  molybdenum  ferrocyanide  must  be  efl&cted  by  fnaioo  with 
an  alkaline  carbonate,  the  separation  of  the  iron  and  molybdenum  by  Mnmooia,  m  ia 
Wyrouboif' 8  method,  not  being  complete. 

Tunvsteii  r errooyanides.  W»K«Fe(CNy  +  20HH),  and  W»K  JaCCN)*  +  7H»0 

(according  to  Wyrouboff),  are  red-brown  precipitates. 

Vraninm  rarrooyanlda,  ^^^3|.2Fe(CN)"  +  xH<0,  is  a  browniab  powder.  If 
an  excess  of  potassium  ferrocyanide  bo  used  in  the  preparation,  a  salt  is  formed  hat- 
ing the  composition  °^^|  |  .4Fe(CN)''  +  60H*O  (Skraup).  See  also  Wyroaboff  (loc. 
cii,) 

Iron  rarrooyanldas.  Vnuaian  Bluas.  [Skraup,  Wien.  JJead.  Ber.  Lmr.  (2 
Abth.)  Junihefb,  1876].  Soluble  blue  is  obtained :  a.  From  ferric  chloride  and  potas- 
sium ferrocyanide,  the  solutions,  in  molecular  proportion,  2K*Fe(GN)'  :  Fe'Cl*,  beiiig 
mixed  rdpidly,  and  in  such  a  manner  that  no  excess  of  either  shall  be  present  st  any 
moment  during  the  operation.  This  is  effected  by  the  use  of  titrated  solutions  brooght 
to  the  same  yolume,  and  poured  simultaneously  and  with  constant  stirring  into  a  tlurd 
vessel.  The  resulting  precipi^iite  is  purified  by  washing  it  on  a  filter  with  a  little 
water,  then  dried  in  a  vacuum  over  sulphuric  acid. 

The  compound  thus  obtained  has  the  composition  (Fe^^K*.2Fe(CN)*  •«-  ^S?0,  It 
dissolves  completely  in  cold  water,  forming  a  solution  of  a  pure  blue  oolonr,  bat  bj 
boiling  with  water  it  is  completely  decomposed,  with  separation  of  a  dingy  yellow  pe> 
cipitate.  The  Mue  solution  forms  a  blue  precipitate  with  various  bodies  (potassnm 
iodide  solution  containing  excess  of  iodine,  mineral  acids,  and  salts  of  lead,  copper, 
mercui^,  cobalt,  nickel,  iron  [ferrous  or  ferric],  calcium,  and  barinm). 

fi.  By  dissolving  potassium  ferricyanide  (80  grams)  in  water,  and  mixing  therewith 
a  solution  of  ferrous  sidphate  free  from  ferric  salt,  and  containing  about  8  grsois  of 
iron.  The  residting  blue  precipitate  is  washed  first  by  decantation  with  water  fnt 
from  air  and  containing  potassium  chloride,  afterwards  on  a  filter  with  pnre  water. 
The  product  thus  obtained  has  the  same  composition  as  the  preceding. 

If  the  soluble  blue  prepared  by  either  of  these  methods  be  treated  with  ferroos 
sulphate,  Tnmbull's  blue,  Fe»(GN)i*,  or  3Fe''.(Fe<)^(0N)",  is  produced ;  and  if  the 
ferrous  be  replaced  by  ferric  sidphate,  ordinary  Prussian  blue,  Fe'(GN)i'  or 
2(Fe')**.dFe(CN)',  is  formed.  This  last  fkct  explains  the  occurxence  in  oonuneree  cf 
Prussian  blues  consisting  partly  of  Tumbull's,  partly  of  ordinary  Pmsaian  bine,  the 
reaction  between  potassium  ferrocyanide,  ferrous  sulphate,  and  oxygen,  giving  nse  to 
the  salt  with  higher  or  lower  percentage  of  iron,  accordingly  as  the  oxygen  ii 
in  excess  or  not.  Skraup*s  experiments  have  shown  that,  on  the  one  hand* 
ferrous  salts  exert  a  reducing  action  on  potassium  ferricyanide,  and  that,  on  the  other 
hand,  ferric  salts  exert  an  oxidising  action  on  the  ferrocyanide.  Moreover,  neuttil 
ferric  hydroxide  is  reduced  b^  potassium  ferrocyanide  to  ferrosoferric  oidde,  aad 
neutral  ferrous  hydroxide  is  oxidised  by  potassium  ferricyanide  to  feme  hydroxide. 
There  is  therefore  no  ground  for  assuming  that  the  iron-atoms  in  Tumbull's  and  in 
Prussian  blue  are  in  different  states,  especially  since,  as  shown  by  the  experimeati 
above  detailed,  Tumbull's  blue  may  be  formed  both  from  ferrous  and  firam  foaaie 
compounds  (Skraup). 

For  Wyroubofrs  views  of  the  constitution  of  the  Prussian  blues,  see  his  paper  aboft 
cited ;  also  the  abstracts  of  it  in  Chem.  Soc.  J.  1877,  i.  189,  and  Jakrew,  /.  Ckm. 
1876,  312. 

Fbrrictanides,  R»Fe'^(CN)*. 

Potaasinm  Vanioymaida  is  conveniently  prepared  by  adding  to  a  eoid 
solution  of  the  ferrocyanide  as  much  hydrochloric  acid  as  will  take  one  atom  <4 
potassium  from  two  molecules  of  the  salt,  and  then  a  cold  clear  solution  of  Ueaduag 
powder  till  ferric  chloride  gives  no  reaction.  Any  excess  of  acid  is  neutralised  with 
chalk,  and  the  solution  evaporated  to  crystallisation.  The  first  crop  of  ctyirtali  is 
pure ;  the  subsequent  crops  contain  traces  of  lime  which  can  be  entvroly  removed  \j 
a  single  recrystaUisation.    The  yield  is  very  large  (F.  Rhien,  Dingl,  vol,  J,  ocvi.  151). 

Beduction, — Potassium  ferricyanide  is  reduced  to  ferrocyanide  by  the  actioB  of 

certain  metals,  viz.  magnesium,  arsenic,  thallium,  and  palladium.     On  laying  a  strip 

o(  palladium  (not  hydiogemaed'^  iti  «>  ^  -^t  cant.  fMlution  of  the  ferricyanide  for  tea 

minutes,  a  quantity  of  t\ie  aaVt  \»  tc^wcq^^  B\3ScicsvsDLV>  \)c^  ^n^  ^  ^^yi^acQs^^lMM^^HaL^ 

Prussian  blue  with  ferrVc  dAonda,    T?Vb\X.u»xsi mA ^gi^visisxAx^wi  Vol ^ w^s^oa.^ *^ 
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ferricyanide,  in  contact  with  an  electronegative  element,  snch  as  antimony  or  gas- 
carbon,  likewise  become  covered  with  a  blue  film  (Bottger,  Chem,  Centr.  1872,  708). 

Potassium  ferricyanide  is  a  powerful  oxidiser,  especially  in  presence  of  free  alkali, 
but  some  of  the  other  metallic  ferricyanides,  especially  the  insoluble  salts,  such  as  those 
of  zinc,  copper,  and  mercury,  act  still  more  energetically,  oxidising  aniline  salts  to 
emeraldine  or  to  aniline-blade  according  to  the  concentration,  &c. 

A  mixture  of  potassium  ferricyanide  with  ferric  chloride  gives  at  ordinary  tem- 
peratures a  brown  precipitate  with  alcohol,  cane-sugar,  glucose,  &c. ;  and  if  the  same 
solution  is  applied  to  anmial  tissues,  such  as  silk  or  wool,  or  placed  in  contact  with 
oils,  gums,  starch,  formic,  uric,  or  arsenic  acid,  a  green  precipitate  is  formed  having 
the  properties  of  Pelouze's  green  cyanide.  More  energetic  reducing  agents — for 
example,  hydrocyanic  acid,  tannin,  aniline,  wood,  or  skin — cause  the  formation  of 
Prussian  blue  in  a  few  seconds;  methyl  and  amyl  alcohols,  benzene,  gelatin,  and 
cotton  produce  a  similar  action,  which  is  not  continuous,  apparently  indicating  that 
only  the  impurities  contained  in  these  bodies  are  oxidised.  Other  substances,  such  as 
sulphides  and  sulphites,  cause  an  immediate  precipitate  of  Prussian  blue.  Insoluble 
sulphides  act  with  but  little  less  energy ;  and  metals,  such  as  iron,  tin,  copper,  lead, 
and  aluminium,  act  in  a  similar  manner.  When  the  solution  is  hot,  these  reactions 
take  place  more  rapidly.  Wool  and  silk  may  he  thus  dyed  blue  with  great  ease ;  the 
green  tint  at  first  produced  is  rapidly  changed  into  blue  by  the  action  of  a  reducing 
agent.  The  blue  colour  may  be  combined  with  any  other  colour  developed  by  oxidation, 
aa  catechu,  indigo,  &c.  Wood,  under  the  same  circumstances,  takes  a  splendid  blue 
colour. 

The  purple  colour  produced  by  the  action  of  a  nitroprussiate  on  a  sulphide  becomes 
tolerably  stable  when  immediately  precipitated  by  zinc.  A  rose-coloured  precipitate 
ia  thus  obtained,  which  may  be  kept  for  a  long  time  in  the  cold,  but  is  decomposed  on 
application  of  heat  (Gaston  Bong,  BtUl,  Soe.  Ckim.  [2],  xxiv.  264). 

VerHoyanida  of  &aad  and  Potmssinm,  Pb'K^FeCy*)' +  3HH),  is  formed, 
together  with  lead  ferricyanide,  Pb*(FeOy')-f  16HK),  by  mixing  the  hot  solutions  of 
equal  parts  of  lead  nitrate  and  potassium  ferricyanide,  and  leaving  the  liquid  to  cool. 
The  lead  ferricyanide  then  separates  out  first,  and  the  double  salt  is  obtamed  by  con- 
centrating the  mother-liquors.  They  are  large,  dark-red,  six-sided  plates  belonsing 
to  the  orthorhombio  system.  Axial  ratio,  a  :  b  I  c^  1*7206  :  1  :  0*9309.  This  sJt  is 
ver>'  soluble  in  water,  and  is  precipitated  by  alcohol.  Both  the  crystals  and  the 
aqueous  solution  decompose  on  exposure  to  the  air  (Wyroubofl^  Ann,  CMm.  Pht/s, 
[6],  X.  409). 

Ammoiiio-feiTOcyaiildes  of  Cadminni.  When  ammonia  in  moderate 
quantity  is  poured  upon  cadmium  ferricyanide,  the  salt»  Cd"(FeCy*)*.2(NH*)K),  n  de- 
posited in  yellow  scales,  and,  on  adding  excess  of  ammonia,  red  crystals  are  formed 
after  some  time,  having  the  composition  Cd'(FeGy")'.3(NH^)'0.  Thene  crystals  are 
monoclinic,  having  the  axial  ratio  a  :  b  l  Ca0'6l60  :  1  :  1*2425,  and  the  angle 
6cb85®  22^.  The  red  crystals,  when  exposed  to  the  air  for  several  days,  give  oflf 
ammonia,  and  are  converted  into  a  yellow  crystalline  powder  identical  with  the  yellow 
salt  first  described.  At  110°  this  change  takes  place  more  quickly,  and  if  the  yellow 
powder  thus  obtained  be  heated  with  pure  water  or  aqueous  ammonia,  a  white  powder 
IB  formed  consisting  of  ammonio/erroeyanide  of  cadmium  and  ammamum, 
Od"(NH«)>(FeCy«)*.(NH«)*0.  The  same  salt  is  formed  on  drying  the  yellow  scales  for 
a  few  hours  in  contact  with  the  air ;  also  by  the  action  of  ammonium  sulphide  on 
cadmium  ferricyanide  dissolved  in  aqueous  ammonia : 

Cd»(FeCyV  +   (NH<)«  «  Cd«(NH*)«(FeCy7  +  S 

(Wyrouboff,  ibid.  413). 

BlMDUtli  rerrioyaBidet  Bi*(FeCy')*  (bismuth  quinquivalent),  appears  to  be 
formed  by  precipitating  a  nearly  neutral  solution  of  bismuth  nitrate  with  excess  of  a 
cold  solution  of  potassium  ferricyanide.  The  yellow-green,  slightly  brownish  precipi- 
tate thus  obtained  does  not  undeigo  any  apparent  change  when  washed  with  water  oy 
deeantation  in  a  closed  vessel,  but  when  it  is  dried  at  100°  hydrocyanic  acid  is  given 
off,  and  the  outer  surface  becomes  covered  with  a  greenish-blue  film.  An  olive-green 
salt,  likewise  consisting  of  bismuth  ferricyanide, — somewhat  contsminated  however 
with  Prussian  blue  resulting  horn  a  secondary  decomposition — is  obtained  by  warm- 
ing the  ferrocyanide  with  very  dilute  nitric  acid  (Muir,  Chem,  8oc.  J,  1877,  ii.  656). 

Wow  olaas  of  Fnuwiates«  R'Fe'*Cy'.    When  iodine  is  added  to  potiClsium 
ferricyanide,  and  the  liquid  heated  nearly  to  the  boiling  pointy  a  greenish-brown 
Bolatwn  is  formed,  from  which  alcohol  throwH  down  a  CT^staVUnn  «ai\.  «as\1^  fn»V\\AA\T!L 
miter.      The  solution  of  this  aolt^   which  is  daxk  \Aufi-^TQeii  ^\x.«ii  tnoAi^'DtXsAXA^ 
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assumes  oa  dilution  a  peculiar  reddish  or  violet  colour.  The  «oliition  of  the  Mm*  atU 
in  an  alkali  is  decomposed  by  boiling,  with  separation  of  deep  red  ferric  Oixida.  It  has 
not  been  uaElysed,  but  the  mode  of  its  formation  points  to  the  formula  aboTe  giren, 

which  is  analogous  to  that  of  the  nitroprussiates,  I^^Fo'^l^ot 

K»FeCy«  +  I  -  KI  +   K«FeCy« 

(Stadelcr,         jV  Aunalen,  cli.  1). 

Accord;D^  to  8kraup  {Deut,  Chem.  Ges,  Bar.  viii.  1508)  and  Bong  {Bull.  8oe,  Ohm, 
[2],  xiv.  2('4)  the  same  salt  is  obtained  by  treating  potassium  ferricyioids  with 
potassium  cl  iorate  and  hydrochloric  acid.  It  is  almost  insoluble  in  aloohoU  q[Uto 
stable  in  air,  and  ^ves  green  precipitates  with  most  metallic  salts,  eren  with  sine, 
whereby  it  is  distinguished  from  the  nitroprussiate,  which  gives  a  salmon-colotred 
precipitate  with  zinc  (ii.  251).  It  is  an  energetic  oxidiser,  especiall/  in  pretraee  of 
metallic  salts.    Nitric  acid  converts  it  into  the  nitroprussiate  (Bong). 

Platinocyanidbs,  R«Pt(CN)*. 

Fluorescence, — The  platinocyanides  of  the  alkaU-metals  and  alkaline  earth-metib 
exhibit  veiy  varied  fluorescence,  each  salt  forming  several  hydrates,  which  differ  ham 
one  another  both  in  body-colour  and  in  fluorescence.  The  body-eoloiir  is  nnolj 
determined  by  absorption  of  the  fluorescent  rays.  Most  of  these  salts  exhibit  tvj 
fine  sur&ce-oolours  (Hagenbach,  Pogg.  Ann,  Jubdb,  1874,  303). 

ThaUioaa  FlatlnoojraBlda,  Tl<Ft(CN)«.    Friswell  {Chetn,  Soe,  J.  1871,  Ml) 

described  a  double  salt  of  thallium  cyanide  and  carbonate,  Tl'Pt(ON)*.Tl*00",  ob- 
tained by  mixing  the  hot  solutions  of  platinocyanide  of  potassium  or  barium  with 
thallious  carbonate.  This  salt  crystallises  in  rectangular  prisms,  crimsoa  by  tuns* 
mitted,  bronze-green  with  metallic  lustre  by  reflected  light.  On  treating  it  with  wim 
nitric  acid,  the  thallious  carbonate  is  dissolved  out,  and  on  recrystallising  ths  rssidBi 
from  water  colourless  crystals  are  obtained,  consisting  of  thalUons  platino^aiiidi^ 
Tl»Pt(CN)«. 

Carstazy'en,  in  1867,  by  mixing  a  neutralised  and  concentrated  solution  of  hydgy 
platino-cyanide  with  thallious  carbonate,  and  evaporating,  obtained  Uood-red  nee&t 
with  a  splendid  green  metallic  lustre  in  reflected  light ;  wese  he  regarded  as  thsUiow 
platinocyanide  (Ut  8uppl,  536).  Friswell  a.  Qreenaway,  however,  find  that  when  a 
solution  of  hydrogen  platinocyanide  is  mixed  with  an  exactly  equivalent  quantity  of 
thallious  carbonate,  a  perfectly  colourless  salt  is  obtained  having  the  compositkn  of 
thallious  platinocyanide,  Tl'Pt(CN)^  but  that  when  twice  that  proportion  of  thalliou 
carbonate  is  added,  and  the  solution  boiled,  it  deposits  the  dark  red  crystals  of  thi 
double  salt,  T12Pt(CN)«.Tl<00>.  Thallious  platinocyanide  is  likewise  obtained  m 
colourless  heavy  ciystals  by  decomposing  barium  platinocyanide  with  thalliwis  sul- 
phate (Chem.  8oc,  J.  1877,  ii.  261). 

Baloid  nerlwattwea  of  tlie  Flatinooyantdesi  These  componnds  bsri 
been  examined  by  Nils.  Olof  Hoist  {BvU.  8oc,  Chim.  [2],  xxii.  347,  oonesp.)  with  thi 
following  results : 

Barium  Bromoplatinoeganide,  Pt^CN)^Br'Ba-i-5H*0,  prodnced  bj evi^oo* 
ting  a  solution  of  barium  platinocyanide  mixed  with  bromine,  forms  yellow  ayitab 
permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol.    According  to  Topsoi^  it 

cxystallises  in  tetragonal  prisms. 

The  chloroplatinocyanide,  Pt(CN)*Cl*6a,  and  the  iodoplatinoeyanUi, 
Pt(CN)^I^^Ba,  closely  resemble  the  bromine  compound. 

Hydrogen  Bromoplatinoovanide  or  Brornopiaiiimh'Cyamhudna  sdii 
Pt(CN)*Br3H'  +  xH<0,  obtained  by  decomposing  the  barium  salt  with  sulphnriesad, 
forms  rather  thick,  tabular,  deliquescent  crystals,  easily  soluble  in  water  sod  ii 
alcohoL     ChloroplatinO'Cyankydrio  acid  is  obtained  in  a  similar  manner. 

Potaeaium  Bromoplatinocpanide,  Pt(CN)^Br'K',  in  the  anhydrous  stito 
forms  yellow  tabular  ciystals,  which  are  capable  of  taking  up  2  mols.  water  asd 
decompose  at  200°.  The  corresponding  iodine  co^npound,  H(CN)*PK',  fonus  tete- 
gonal  crystals  permanent  in  the  air.  Ammonium  BromoplatinoeyMniii, 
Ft(CN)«Br<(NH«)^  czystallises  in  yellow  tabular  or  lenticular  crystals  of  tridiaie 
form. 

The  following  salts  have  also  been  analysed : 

Pt(ON)<ClXNH«)»   +   2H«0  I  Pt(CN)«Br«Zn   +     6H«0 
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CTJkMOCAMMQWia  MTHLMMB  (Weddige,  J.  pr.  Chem,  [2],  x.  193).  Ethyl 
Cyanoearhonate,  CN.CO.OCH*,  may  be  preptoed,  as  already  observed  (2nd  Suppl, 
il5)  by  the  action  of  phosphoric  anhydride  on  ethyl  oxamate : 

CONH«  CN 

I  —    H«0     =     J 

COOC«H*  COOC«H» 

When  equal  weights  of  the  two  substances  are  heated  together  in  a  large  retort, 
eyanocarbonic  ether  distils  over  at  120°,  and  the  distillation  may  be  continued  up  to 
160^-170°.    The  distillate  may  be  purified  by  two  rectifications. 

Ethyl  cyanocarbonate  is  also  formed,  with  evolution  of  hydrochloric  acid,  when 
ethyl  dichloramidacetate  (prepared  by  the  action  of  PCI*  on  ethyl  oxamate)  is  heated 
to  its  melting  point :  CC1XNH*)--C0.0C«H»  -  CN.CO.OCH*  +  2HC1  ( Wallach,  Ikut. 
Ckmn.  Ge8,  Ber.  viii.  290). 

eyanocarbonic  ether  purified  as  above,  is  a  colourless,  mobile,  strongly  refiracting 
liquid  boiling  at  115^-116^.  It  is  lighter  than  water,  mixes  in  all  proportions  with 
alcohol  and  ether,  but  is  not  miscible  with  water.  When  left  for  some  time  in  con- 
tact with  water,  it  decomposes  into  hydrocyanic  acid,  carbon  dioxide,  and  alcohol,  the 
deoumposition  being  accelerated  by  heat : 

CN.COOC«H»  +  HK)  -  CNH  +  C0«  +  C«HH)H. 

A  similar  reaction  takes  place  with  alkalis ;  the  decomposition  is  not  however  com- 
plete, for  the  precipitate  formed  on  adding  silver  nitrate  to  the  resulting  liquid  does 
not  consist  of  pure  cyanide,  but  appears  to  contain  also  e^ranocarbonate  of  silver. 
This  salt  has  not  however  been  isolated  from  it ;  neither  has  it  been  found  possible  to 
prepare  any  of  the  other  metallic  crjranocarbonates. 

Concentrated  Iwdroehlorio  aoid  resolves  the  ethylic  ether  into  oxalic  acid,  sal- 
ammoniac  and  alcohol : 


CN  COOH 

;ooH 


I  +  HCl  +   3H«0  -  T  +  C»H»OH  +  NH«C1. 

COOC«H»  .       C( 


ia  converts  it  into  ethyl  carbamate  (urethane),  a  product  also  formed  by  the 
action  of  ammonia  on  chlorocarbonio  ether ; 


CN 

+   NH»  =   CNH  +  Nn«.COOCH». 
0OC«H» 


i 


In  like  manner  fMihylamine  and  aniline — the  latter  at  100®  in  sealed  tubes — convert 
the  ether  into  methyl-  and  phenyl-urethane. 

NoKeni  kydn^  converts  ethyl  cyanocarbonate  into  the  ethylic  ether  of  amidacetic 
add  (ethyl-g^oocine) : 

CN  CH«(NH^ 

I  +     H«     -      I 

CO.OC»H»  CO.OC»H» 

Tlie  reduction  must  be  effected  by  hydricxUe  acid :  for  with  sodium  amalgam  in  alka- 
line solution  the  reaction  above  described  with  alkalis  takes  place ;  and  with  zinc 
and  hydrochloric  acid,  it  is  for  the  most  part  the  same  as  with  hydrochloric  acid 
alone  (Weddige).  According  to  Angelbis,  on  the  other  hand  (Deut.  Chem.  Ges,  Ber, 
Tiii.  809),  a  mixture  of  ethyl  cyanocarbonate  and  zinc,  heated  with  hydrochloric  acid, 
yields  a  laige  quantity  of  pure  glycocine. 

Methyl  Cyanocarbonate,  CN.CO^CH'  is  prepared  by  the  action  of  phosphoric 
anhydride  on  methyl  oxamate,  and  purified  in  the  same  manner  as  the  ethylic  ether, 
which  it  closely  resembles.  It  is  an  ethereal,  strongly  refractinff,  pungent -smelling 
liquid,  lighter  than  water,  very  soluble  in  alcohol  and  ether,  insoluble  in  water.  It 
boils  witnout  decomposition  at  lOO^'-lOl^,  and  bums  with  a  blue  faintly  luminous 
flame.  By  water  it  is  decomposed  more  quickly  than  the  preceding  compound,  and 
resolved  into  hydrocyanic  acia,  carbon  dioxide,  and  methyl  alcohoL  Hydrogen  sul- 
phide converts  it  into  methyl  sulphoxamate : 

CN  CS.NH* 

I  +     H«     -      I 

COOCH»  CO.OCH» 

Isobutyl  Cyanocarbonate,  CN.CO»CH*CH(CH«)«,  prepared  like  the  preceding 
compounds,  is  a  limpid  liquid  boiling  at  146°,  and  having  a  r(QXig<Mit  odorax  T«cieJiIvx^ 
that  of  Isobutyl  Alcohol.    It  dissolves  easily  in  alcohol  axi^i  eimw,\s>iV.  \&  vDw\^i^!J^^  vo^. 
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water,  which  decomposes  it  much  moro  slowly  than  the  ethjlic  or  methylie  etkor. 
It  burns  with  a  bright  flame  (Weddigo). 

POLYMKltlC   CyANOCAKBONIC   CoMPOVlTDS. 

Ethyl  ParacyanocarhonalCy  »C'H^NO'. — When  ethyl  cvanocarhonale  u 
saturated  with  hydrochloric  acid  gas,  aud  the  liquid  is  heated  to  100^  for  Mvezmlhoun 
in  a  sealed  tube,  or  left  to  itself  at  the  ordinary  temperature  for  a  few  weeki,  a  ap- 
talline  product  is  obtained,  having  the  same  percentage  composition  as  tlie  oiigiMl 
cyanocarbonic  ether.  The  same  crystalline  product  is  obtained  by  the  action  of  bro- 
mine under  pressure,  but  a  brominated  product  not  very  easily  sepaxated  is  fonoed 
at  the  same  time,  so  that  the  former  method  is  to  be  preferred. 

Faracyanocarbonic  ether  crystallises  in  perfectly  developed  six-sided  prisms  which 
attain  a  considerable  size,  especially  when  formed  by  the  gradual  actaoo  of  hydro- 
chloric acid  at  ordinary  temperatures.  It  is  nearly  insoluble  in  cold,  and  spanadj 
soluble  in  hot  alcohol ;  still  less  easily  in  ether  and  in  benzene,  also  in  water  wfastEer 
hot  or  cold.  It  melts  at  165°,  but  cannot  be  distilled  or  sublimed  without  decompo- 
sition ;  yielding,  when  heated  above  its  melting  pointy  a  thick  brown  liquid,  asd 
emitting  an  odour  like  that  of  the  alcoholic  isocyanides ;  conseqnentlj  its  vapov- 
density  cannot  be  determined.  As  it  is  solid  at  ordinary  temperatores^  whereas  tk 
cyanocarbonic  ether  previously  described  is  liquid,  it  is  inferred  to  be  a  polymoido  flf 
the  latter,  n(CN.GOK!'H*)  ;  but  in  the  absence  of  a  vaponr-densitj  determination  tiM 
value  of  n  cannot  be  fixed. 

Ethyl  paracyanocarbonate,  treated  with  caustic  potash-  or  soda-solntioo  at  ordimj 
temperatures,  yields  paracyanocarbonate  of  potassium  or  sodium ;  bat  wImq  boikd 
with  the  alkalis,  it  is  resolved  into  ammonia  and  oxalic  add  and  eth^  alcohol : 

CN.CO«C''H»   +  H«0  +   2K0H  «  NH»  -h   0«0<K«  +   C*H«0. 

It  is  likewise  decomposed  by  concentrated  acids,  hydrochloric  add  for  ezampli^  wkk 
formation  of  oxalic  acid. 


Paraet/anocarbonio  acid^  C'HNO^ — The  potassium  salt  of  this 
pared  by  mixing  the  finely  triturated  ethylic  ether  with  pure  potash-Iej,  and  Isanig 
it  till  only  a  small  quantity  remains  undissolved,  and  the  liquid  exhibits  a  neatal  le- 
action.  From  the  solution  thus  obtained,  hydrochloric  add  throws  down  the  |«ra- 
eyanocarbonic  acid,  as  a  white  bulky  mass,  mixed,  however,  with  potassium  <*mt^i>^ 
from  which  it  cannot  be  completely  separated,  as  it  is  insoluble  in  alcohol  and  ' 
not  quite  insoluble  in  cold  water,  and  decomposed  by  boiling  water. 

The  potassium  salt,  GN.CO'K,  is  the  only  one  of  the  paracjanoearl 
crystallises  well.  It  is  obtained  in  long  needles  by  slow  evaporation  in  a 
and  is  decomposed  by  boiling  its  solution  with  formation  of  potassium  "'■^^•^^  Tkt 
silver  saU,  CN.GO^Ag,  is  obtained,  on  addition  of  silver  nitrate  to  the  potassium  srit, 
as  a  yellow  predpitate  insoluble  in  nitric  add.  The  calcium  salt  is  white,  and  dih 
solves  in  acetic  add,  and  in  excess  of  water.  Acetate  ofUad  gives  a  white  cxTstsDiM 
precipitate,  nitrate  of  silver  a  yellow  predpitate,  soluble  in  ammonia,  and  lepieayi- 
tated  by  nitric  acid.  The  mercuric  and  mercurous  salts  are  white  and  TaDot 
respectively ;  the  eino  and  cadmium  salts  white ;  the  iron  salt  brown,  and  the  oajyir 
salt  green. 

Methyl  Paracyanocarbonate,  GN.COH^H',  may  be  prepared  br  heatiag 
methyl  iodide  and  the  silver  salt  with  alcohol  in  sealed  tubes  to  1(M)® ;  also  hjtki 
polymerising  action  of  hydrochloric  add  on  methylic  cyanocarbonate.  It  forms  muH 
needles  melting  at  134°. 

Isobutyl  Paracyanocarbonate  melts  at  158°. 

Paracyanocarbamide,  CN.CO.NH',  formed  by  the  action  of  warm  aqueoei,  or, 
better,  of  alcoholic  ammonia,  on  ethyl  paracyanocarbonate,  is  a  white  amorphoiis  nb* 
stance  nearly  insoluble  in  water,  alcohol,  and  ether.  When  heated  it  volatiuses  with- 
out previous  fusion,  giving  off  brown  vapours  with  an  odour  of  hydrocyaaie  aeii 
Acids  and  alkalis  do  not  act  upon  it  in  the  cold,  but  convert  it  into  oxalic  acid  wbsi 
heated.  By  prolonged  boiling  with  aqueous  ammonia,  the  amide  is  converted  iato 
ammonium  cyanocarbonate,  just  as  oxamide  is  converted  into  ammonium  oxaaats: 

CONH"— CO.NIP  +   mo  =   CONII-— CO«NH« 
Oxiuuldc  Anunoniam  Oxamate. 
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PaTaeyanoearhomethylamide,  GN.CONH(CH'),  obtained  like  the  preceding 
eomponnd,  with  methylamine  instead  of  ammonia,  dissolves  easily  in  hot  alcohol 
and  water,  and  crystallises  on  cooling  in  fine  white  needles  having  a  silky  lustre, 
viiich  they  lose  when  dried.  It  melts  with  deoomposition  at  250°,  and  behaves  at  a 
liigher  temperature  like  the  amide,  decomposing  with  emission  of  brown  vapours,  and 
emitting  an  odour  like  that  of  the  nitrils. 

Paraeyanocarbopkenylamidet  CN.CONH(C*H*),  produced  by  boiling  togotlier 
equivalent  quantities  of  ethylic  cyanocarbonate  and  aniline  in  alconolic  solution,  is 
•omewhat  sparingly  soluble  in  hot  alcohol,  from  which  it  crystallises  on  cooling  in 
■lender  lemon- yellow  needles,  resembling  chloranil  when  dry ;  in  cold  alcohol  and  in 
water  it  is  nearly  insoluble.  It  cannot  be  sublimed  without  decomposition,  and  when 
lieated  above  its  melting  point,  it  gives  off  brown  vapours  having  an  offensive  odour. 
With  acids  and  alkalis  it  behaves  like  the  amide. 

The  cyanooarbonic  ethers  and  their  derivatives  exhibit  in  all  their  reactions  the 
cloeest  analogy  to  the  chlorocarbonic  compounds  (i.  916)  (Weddige). 


roCIBV.      On  the  presence  of  Cyanogen  in  commercial  bromine,  see 
p.  360. 

Cyanogen  is  quickly  converted  into  paracyanogen  by  the  action  of  the  silent  electric 
diflohiuge  (Berthelot,  BuU,  8oe.  Ckim.  [2],  zxvi.  101). 

C^anoffm  CMoride. — ^Weith  {peut,  Chem.  Ges,  Ber.  vii.  1745)  observes  that  the 
pirepaxation  of  this  body,  b^  passing  chlorine  into  a  solution  of  mercuric  cyanide,  is 
ofteo  attended  with  veoy  violent  explosions.  It  is  better  prepared  therefore  from 
dilorine  and  hydrocyanic  acid,  the  reaction  then  taking  place  without  explosion. 

On  the  structure  of  Polymeric  Cyanogen-compounds,  see  Nencki  (DeiU.  Chem,  Ges, 
Bm'.  ix.  244 ;  Ckem.  8oe,  J.  1876,  ii.  191). 


U  C«H«N«0».    An  acid   produced  by   the 
•etion  of  cyanogen  gas  on  barbituric  add.    See  Uaic  acid,  Dsbtvativks  of. 

OTAMOWAPHTWil  Ti»WM,  C'«HJ0N.  a-Cvanonaphthalene,  the  nitril  of 
•-naphthoic  acid,  is  produced,  together  with  naphthylamine,  by  heating  sulphocarbo- 
naphthalide  with  findy  divided  copper  (Weith,  DitU,  Chem.  Ges.  Ber.  vi.  967). 


OTJLVOFBBWT&  JL&COBO&,  C*H«(CN)OH  (Griess,  Deut,  Chem.  Ges.  Ber. 
Tiii.  859-860).  This  compound,  isomeric  with  phen^l-carbimide,  N(CO)C'H%  is 
zeadily  fbrmea  by  boiling  diazocyanobenzene  sulphate  with  a  large  quantity  of  water, 
and  evaporating  on  a  water-bath,  after  neutralising  with  ammonia.  It  crystallises 
from  eUier  or  iJcohol  in  small  white  rhombic  prisms,  and  from  hot  water  in  rhombic 
plates  melting  at  82^.  It  has  an  intenselv  sweet  and  pungent  taste,  and  smells  like 
phenoL  On  heating  it  with  stronff  hydrochloric  acid  in  seiSed  tubes  in  a  water-bath, 
It  is  converted  into  oxybenzoic  acid : 

C«H*(CN)OH  +  2HH)  =  C«H*(CO«H)OH  +  NH». 

This  alcohol,  as  well  as  the  cyananiline  from  which  it  has  been  derived,  belongs 
therefore  to  the  meta-series. 

Isoey anophenvlrohloride  or  Phenylic  Isocyano  chloride^  C*H*.NCC1*, 
produced  by  saturating  a  solution  of  phenyl-thiocarbimide  in  chloroform  with  chlorine, 
has  already  been  described  (p.  602). 

OTAVnULTB  01<  OZAIOITBAJra,  (C«0*NH')>.C'0*N*H'  (Gnmaux, 
Batf.  Soe.   Ckm,  [2],  xxi.  158).    This  compound,  polymeric  with  ethyl  oxalurate, 

!&E.1SiH)*.CPR%  is  formed  when  cyanic  acid  vapour  is  passed  into  fused  oxamethane 
in.p.  116^-117^).  It  is  best  prepared  bypassing  the  vapour  evolved  by  heating 
8  grains  of  cyanuric  acid  into  a  vessel  containing  5  grams  of  pure  dry  oxamethane 
heated  in  an  oil-bath  to  130^ ;  treating  the  product  with  30  to  40  grams  of  boiling 
water;  filtering;  and  purifying  the  needles  which  crystallise  out  (if  they  are  still 
mixed  with  oxamethane)  by  recrystallisation. 

Oxamethane  cyanurate  crystallises  in  shining  brittle  needles,  nearly  insoluble  in 
cold  water,  soluble  in  about  30  pts.  of  boiling  water.  At  155^-160^  it  melts  to  a 
pastv  mass,  and  is  resolved  at  a  higher  temperature  into  cyanic  acid  and  a  crystalline 
sublimate.  On  boiling  it  for  a  few  minutes  with  milk  of  lime,  and  filtering,  the 
filtrate  deposits  hard  shining  prisms  of  calcium  oxamate.  Ammonia  added  to  the 
aqueous  solution  of  oxamethane  cyanurate  throws  down  crystals  of  oxamide,  and 
hmytorwater  produces  a  precipitate  of  barium  cyanurate. 

OTO^AMOMm    This  glucoside,  obtained  by  De  Luca  from  thft  tuVMm  ot  Ci)clamefi^ 
mropmim  (ii.  204;  2nd  Smppl,  418),  ha^  been  foxtheT  CExarnVxiedL  Vj  \k  ^\i\Ai^<Qt 
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{LUhiff's  AunaUn^  clxxxv.  214).  It  ih  e^triieU'd  Ixmiu  tho  t^iliozx  vith  Aahi4 
70  per  cent.,  uml  after  trivitiiiunt  witli  aDiuial  charcual,  forms  it  dazzling  white  |nn^ 
or  M-hite  gRuiulos  luiule  up  of  microscopic  Deedlc«.  It  is  xary  hygruccipie.  «w 
soluble  in  -weak  spirit,  und  more  or  less  soluble  in  methyl  nud  amyl  aXaisCa,  M 
acetate,  and  glycerin  ;  iu^olublo  in  ether,  chlorufonu,  carbon  bi>(ul|rfiide,  beiaeM,al 
petroleum  spirit.  Cyclamiii  is  iiKulorous,  but  has  an  extremely  ui'Hd  amlbitisMl. 
its  dust  excites  violent  sneezing.  It  turun  brown  at  1 00'',  aud  melts  at  *23€*.  Ik 
aqueous  solution  is  opalescent  froths  like  soap-water,  and  produces  a  whit«pMfiM 
in  alkaline  solution  of  cupric  oxide,  but  docs  not  reduce  copper,  creu  on  llQgbal^ 
Strong  sulphuric  acid  dissolves  cyclaniin  irith  red  colour  ;  on  diluting  thAsolst>»iil 
water,  the  colour  disappears,  and  a  white  precipitate  ofcyclumiretinis  thxovB  dm 
glucose  remaining  in  solution.  This  decomposition  of  cyclamin  into  cydawmii^ 
sugar  is  effected  also  by  heating  its  aqueous  solution  to  95^  for  some  time ;  b?  M| 
the  diy  substance  to  100°;  by  prolonged  exposuie  of  the  aolution  to  diract  inriB: 
by  the  action  of  emulsin  or  bcer-yeast;  but  most  eanlj  and  completely  by  ibtite 
of  dilute  hydrochloric  acid. 

Cyclamin  closely  resembles  saponin  in  physical  aud  chemical  chanckrik  fld  i 
probably  identical  with  it. 

Cyclamiretin^  C'^H^O',  is  a  white,  amorphous,  iuodoroua.  and  tasteksa  pciiK 
dissolving  in  alcohol  and  ether,  but  not  in  water,  melting  at    198°.     It  is 
violet  by  sulphuric  acid.    By  fusion  with  potash  it  yields  formic  and  bnmx 
and  other  products.  Nitric  acid  acting  upon  it  produces  resinous  bodies,  and 
oxalic  acid. 

Pnmulin,  the  substance  extracted  by  alcohol  from  cowslip-roots  (ir.  733i 
from  Mutschler*s  experiments  to  be  identical  with  cyclamin. 


U  C^'H**.    The  identity  of  the  cymenes  obtained  from  rariwii 
has  been  demonstrated  by  the  experiments  of  Wright  and  others,  already  < 
(2nd  Suppl.  419  ;  see  further  Beckett  a.  Wright,  CUm.  Soc,  Jtmr,  1876,  L  \\  Ml 
has  since  established  tkc  identity  of  the  cymenes  from  absinthol  and  omfi 
(pp.  1,  520)  with  the  rest,  und  Fittica  {Liem^s  Annalett,  clzzii.  303)  hai 
those  obtained  from  camphor,  Ftychotis  oil,  and  thymol. 

Thymocymcne  was  prepared  by  heating  together  4  pts.  of  thymol  aDdl}l#i 
phosphorus  pentasulphide  in  fine  powder  in  a  flask  with  inverted  condeiMr;  Hi' 
sulphuretted  hydrogen  was  evolved,  and  thiocymene  (b.  p.  280^)  was  siailcaMifr  < 
formed ;  the  hydrocarbon  isolated  from  this  by  fractional  distillation,  trBfttmA  s  i 
soda-ley,  and  repeated  distillation  over  sodium,  boiled  at  176°  (mercni7-coli 
in  the  vapour),  and  dissolved  in  strong  sulphuric  acid  without  evolvii^ 
acid :  this  serves  as  a  good  test  of  purity. 

Ftychotis  cymene  was  prepared  by  fractional  distillation  of  the  Li^Tctaidi 
Ftychotis  Ajow&n,  the  portion  boiling  at  170°-210°,  being  heated  with  sofa^j 
treated  with  dilute  sulphuric  acid  and  potassium  dicbromate,  or  with  dilute  peno^pS  | 
of  potassiiun,  until  it  would  bear  the  test  of  sulphuric  acid.      The  purified  pM 
boiled  at  175°-176°  (mercury-column  wholly  in  the  vapour). 

Camphorcymene  was  prepared  by  acting  on  camphor  wi  t  h  phosphonc  inbtik 
in  quantity  sufficient  to  form  (theoretically)  cjrmene  and  metaphosphoric  aal:^ 
yield  is  thus  60-80  per  cent.,  whereas  Pott*s  method  with  pentasulphide  of  pbofkH 
gives  only  25-30  per  cent. ;  after  purification  as  before,  this  specimen  boikdtf  Of 
(mercuij'Column  wholly  in  the  vapour).  Beilstein  a.  Kupffer  found  tki  i 
number. 

These  three  hydrocarbons  were  oxidised  by  dropping  into  gently  boilii^  ndi 

acid  (sp.  gr.  1*5) ;  in  each  case  nitrotduic  acid  melting  at  189°  was  produced:  i 

all  these  are  methyl-propyl-benzenes  {Ist  Suppl,  S02).     By  acting  on  tte 

bromine,  in  presence  of  iodine,  a  bromocymene  was  produced,  boiling  at  2S8*-Vi  I 

each  case,  and  by  oxidising  this  with  dilute  nitric  acid.  bro7nonitrt>Mtiie  aeii  Btal 

at  204^-205°  was  formed.     Strong  colourless  nitric  acid  converts  these  cywss* 

nitrocymeius  of  two  kinds,  one  (a)  fluid  and  incapable  of  distilling  usaXXtKti^ 

in  a  vacuum);  the  other  (/9)  cr^'stalline,  and  melting  after  due  purification  c  ^ 

by  oxidation  the  fluid  variety  yielded  a  nitrotohiic  acid  diffez«nt  fxom  th»  ^ 

mentioned  body,  molting  at  189° ;  the  barium  salt  of  this  acid  waa  nadily  Mi#i 

wat^r,  and  crystallised  tliercfrum  in  starlike  needles;  the  acid   itself  was  idib* 

450  parts  of  water,  and  was  readily  soluble  in  alcohol  of  90  per  cent^  and  ^^^ 

without  melting;  the  solid  nitrocymene  yielded  on  oxidation  a  thizd  iiiyiliiw*^ 

nitrotoluic  acid,  subliming  without  previous  melting,  practically   iatohiUf  sM 

and  in  culd  water,  and  only  t>li;;ht]y  soluble  in  alcohol  of   9U   per  ceal.  ;ti>* 

however,  yet  d^'.ided  whether  this  produet  is  humogeneuus,  or  ai  miztuiv  of  if 

C01U^H)UQds. 
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The  ejmene-Bulphonatefl  of  barium  prepared  from  these  three  snbstances  contained, 
in  each  case,  (C"H".80«)«Ba.3HK), 

The  same  properties  are  exhibited  by  normal  propyl-methyl-benzene  prepared  by 
the  action  of  so(unm  on  a  mixture  of  bromotoluene  (m.  p.  29°)  and  normal  propyl 
bromide  dissolved  in  pnre  anhydrous  ether.  This  hydrocarbon  boils  at  175^-176^; 
giyes  paratolnic  and  terephthalic  acids  by  oxidation  with  nitric  acid  and  chromic  acid 
respectiyely ;  and  is  converted  by  faming  nitric  acid  into  a  liquid  and  a  solid  nitro- 
mnene  identical  with  the  nitrocymenes  obtained  from  the  sources  above  mentioned, 
^6  soUd  modification  melting  at  126^,  and  the  liquid  yielding  by  oxidation  a  nitro* 
toliiio  add  identical  with  that  obtained  from  the  nitrocymenes  above  described. 

Hence  it  may  be  inferred  that  Ptychotis  oil,  thymol,  and  camphor  yield  one  and 
the  nme  cymene,  and  that  this  hydrocarbon  is  identical  with  normal  propyl-methyl« 
bennne  and  not  with  isopropyl-methyl-benzene,  the  contraiy  result  obtained  by  other 
eacperimenters  (1st  Suppl.  802)  being  doubtless  attributable  to  the  imperfect  pori^ 
of  the  materialB  used. 

For  the  preparation  of  cymene  from  camphor,  Patem6  heats  a  mixture  of  780 
^remB  camphor,  100  red  phosphorus  and  265  flowers  of  sulphur,  and  boils  the  fused 
maee  as  long  as  hydrogen  sulphide  continues  to  be  evolvea.  This  ia  preferable  to 
Pottos  original  method  of  heating  camphor  with  ready-formed  pentasulphide  of 
phosphorus,  as  the  action  is  much  more  regular. 

Cjfjnene  from  I^urpentine  oil. — Kekul^  a.  Bruylants  {Dmt,  Chem,  Ges,  Ber,  vi.  4S7) 
lisye  obtained  cymene  by  the  action  of  iodine  on  turpentine  oil,  the  iodine  being  addea 
hj  small  portions,  and  the  liquid  each  time  heated  till  the  reaction  is  ended,  before 
another  portion  is  added :  these  precautions  are  necessary  on  account  of  the  violence 
of  the  action.  The  liquid  is  then  heated  for  some  time  in  a  flask  attached  to  a 
zerersed  condenser,  afterwards  repeatedly  distilled,  and  the  more  fluid  portion  of  the 
product  is  washed  with  potash-solution  and  rectified.  By  this  process,  50  grams  of 
turpentine  oil  and  23  of  iodine  yield  about  10  grams  of  qrmene.  A  hydrocarbon  of 
higher  boiling  point,  probably  colophene,  is  sdso  formed  at  the  same  time.  The 
Ibnnation  of  uie  ^mene  takesplace  by  addition  of  1  mol.  iodine  to  1  mol.  turpentine 
oil,  forming  the  compound  C'^^l*,  and  the  resolution  of  this  compound  1^  prolonged 
heating  into  2HI  and  O^^W*. 

Biban  {Bull.  8oo.  Ckim,  [2],  xx.  100,  244)  obtained  (^ene,  together  with  terebene 
•ad  other  hydrocarbons,  by  the  action  of  sulphuric  acid  on  turpentine  oil.  Wright 
(jGkem,  8oe.  Jour,  1873,  700)  supposed  that  the  cymene  thus  obtained  was  originally 
poraeent  in  the  turpentine  oil,  and  was  not  produced  by  the  oxidising  action  of  the 
:.  eolphuric  acid,  inasmuch  as  by  careful  treatment  of  turpentine  oil  with  sulphuric  add, 
•he  obtained  only  very  small  quantities  of  sulphurous  acid,  whereas  by  distilling  the 
product  with  steam,  and  subsequent  fractional  distillation,  he  obtained  about  3  per 
0&aL  ofeymeae,  Kiban,  on  the  other  hand,  while  admitting  that  crude  oil  of  tumntine 
aometimes  contains  cymene,  states  that,  in  the  experiments  above  referred  to^  he  used 
penfectly  pure  turpentine  oil  boiling  at  156^-160°,  and  obtained  from  it,  by  treatment 
"with  Uie  smallest  possible  quantity  of  sulphuric  add,  from  7  to  8  per  cent,  of  cjrmene. 
fie  also  finds  that,  on  treating  turpentine  oil  with  sulphuric  add  at  comparatively 
low  temperatures,  considerable  quantities  of  sulphurous  acid  are  given  off  and  7  to  8 
per  cent,  of  cymene  is  produced.  He  therefore  maintains  that  cymene  is  formed  from 
oiil  of  turpentine  by  the  action  of  sulphuric  acid,  even  in  the  cold,  according  to  the 
OQuation: 

C"H"  +  80*H«  =-  0»»H"  +   S0«  +   2H«0. 

These  results,  obtained  by  Riban,  are  corroborated  by  Wright  in  a  subsequent  oom- 
pttiuiication  {Chem.  News,  xxix.  41). 

The  identity  of  the  cymene  from  turpentine  oil  with  that  obtained  from  camphor, 
[hae  been  demonstrated  hj  Patem6  {Gtuff£.  chim.  ital,  iv.  118)  by  a  comparison  of  the 
^i^fmene-sulphonic  adds  obtained  therefrom. 

Cymene  is  one  of  the  constituents  of  Eucalyptus  oil  (Homeyer,  Arch.  Pharm.  [3], 

r.  885). 
,£.         The  hydrocarbon  called  cynene,  obtained  by  diBtilling  worm-seed  oil  with  phos- 
fS^-jSioms  pentoxide  (ii.  298)  or  pentasulphide  (Oraebe,  Ber.  v.  680),  has  been  shown  by 
^aust  a.  Homeyer  (ibid.  vii.  1427)  to  be  identical  with  cymene. 

Seactions. — 1.  With  Oxidising  Agents. — Cymene  (from  terpene),  heated  for  several 

oars  with  a  mixture  of  1  pt.  nitric  acid,  sp.  gr.  1*85,  and  3  pts.  water,  yields  a  huge 

oantity  of  terephthalic  acid  and  a  small  quantity  of  ^laratoluic  acid  {m.  p.  178°). 

rvimilar  resulte  are  obtained  with  cymene  from  lemon  oil  (Oppenheim,  Ber,  vi.  915). 

^  Cf^ene  from  Ptychotis  oil  yields  by  oxidation  with  dilute  nitric  add,  chiefiy  toluic 

'maid;  with  chromic  acid  mixture,  terephthalic  and  acetic  ac\da  iJjKcA<c^^^  ibioL  %^TV 
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2.  With  Iodine  ehhride. — GymAne  treated  with  iodine  chloride,  yieldf  perdikfo- 
benzene,  percbloromethane,  and  perchlorethane  (Erafil  a.  Men,  Hid,  riii.  1045). 

3.  With  Bromine. — When  cymene  is  heated  with  excess  of  bromine,  in  presenoi  of 
aluminium  bromide,  toluene  pontabromide  (m.  p.  282^-283°),  and  itopropjl  bimnde 
(b.  p.  C0°-63°)  are  formed.  The  reaction,  which  takes  place  at  0°,  is  repiesented  b? 
the  equation  Ci»H>«  +  5Br'»4HBr  +  C>HrBr+C'H*Br*,  and  is  a  striking  instanet  oT 
the  decomposition,  at  a  comparaUyelj  low  temperatnre,  of  an  aromatic  hjdio- 
carbon,  with  formation  of  a  body  belonging  to  the  methyl  series.  The  nrodnets  ti» 
obtained  in  quantities  corresponding  almost  exactly  with  those  required  Dj  the  tbon 
equation. 

The  formation  of  isopropyl  bromide  in  this  reaction  maj  be  explaiaad  on  tvo 
hypotheses :  (1),  that  the  c^ene  employed  has  the  constitution  of  isopropyttohnf, 
and  is  resolved  by  the  action  of  bromine  into  its  constituent  radicles ;  (2),  tkat  the 
bromide  in  question  is  formed  by  the  addition  of  H6r  to  propylene,  thia  body  baiig 
produced  according  to  the  equation,  C>*H>'  +  5Br>  »  G^H'Br' + 6HBr  +  OH*  (Gnrtafioi, 
Bull.  8oc.  Chim.  [2],  xxvL  346). 


Broinoojineiie«  C'®H>"Br.  A  solution  of  this  compoond  in  xylene,  mixed  with 
a  little  ethyl  acetate,  is  readily  attacked  by  sodinm-amalgam,  with  inodnetioo  of 
mercuric  cymilide,  Hg(C>*H")',  which  crystallises  in  matted  needles, solsbls ti 
benzene  and  xylene,  melting  at  ISi**,  and  subliming  without  decomposition. 

Bromocymene,  heated  to  100^  with  a  mixture  of  strong  nitric  and  fbming  sul- 
phuric acid,  yields  two  crystalline  sulpho-acids  which  are  dillcnlt  to  separate  (FSk«M 
a.  Cobmbo,  jdst.x.  1749). 

Cliloroo7meiiea,C"Hi*a==C«H*a<[^^(E.  y.  Geriehten,  Bsr.  z.  1S49;  xi. 

364).  Chlorine  in  presence  of  iodine  acts  readily  on  cymene  (from  cam^uxr),  fr  mim 
a  nearly  colourless  chlorocymene,  having  a  density  of  1*014  at  14^,  bouing  a*^  M°- 
211°,  and  yielding  by  oxidation  with  dilute  nitric  acid  (after  five  hoars'  boilii^)  a 
chlorotoluic  acid,  C'H'Cl^CH'X^O^),  which  crystallises  in  large  1«^w»?tim  maltiqg 
at  195°.  When,  on  the  other  hand,  cymene  obtained  from  thymol  is  boiled  withdibu 
nitric  acid  for  fourteen  days,  the  liquid  on  cooling  deposits  crystals  of  an  acid  wiiidi, 
when  purified  by  solution  in  potash,  precipitation  by  hydrochloric  add,  eonvnoa 
into  bi^um  salt,  and  separation  therefrom,  crystallises  fiom  alcohol  in  long  nsedlfli, 
the  analysis  of  which  agrees,  not  with  the  formula  of  chlorotolnic  acid,  OU'GIO',  bit 
with  the  formula,  G'^H^CIO',  which  maybe  thatof  methylchlorhydroeinnamie 

yCR' 

acid,  C'H^Cl  ,  or  that  of  a  chlorinated  isomerideof  eaiiie 

\CH«CH«COOH 

acid,  C«H»^C1       . 

\COOH 

V.  Geriehten  represents  the  constitution  of  the  two  chlorocymenee,  and  of  the 

which  they  yield  on  oxidation  by  the  following  formulae : 

Chlorocymene    from    cymene    (CH* :  CI :  CH«=  1  :  8  :  4)   gives  by 
chlorotoluic  acid,  COOH  :  CI :  CH«=  1  :  8  :  4. 

Chlorocymene  from  thymol  (CH' :  CI :  CH*al  :  2  :  4)  gives  an  isomerido  cf 
chlorocumic  acid  (COOH  :  CI :  CH'»  1  :  2  :  4),  or  else  methyl-chlorhydmrinniw 
acid  (CH«.CH«.COOH  :  a  :  CH«  =  1  :  3  :  4). 

jritroeymeiies  (Landolph,  Ber,  vi.  986).  Two  mononitrocymenes,  CH^'KO^ 
(a  and  /3),  are  obtained  from  camphor  cymene.  The  nitration  is  best  affected  vitt 
nitric  acid  of  sp.  gr.  1*4,  at  a  temperature  of  40°-50° ;  and  on  washing  the  pnidHt 
with  aqueous  sodium  carbonate  and  water,  and  distilling  it  with  steam,  a -nitre* 
cymene  passes  over  as  a  light  yellow  liquid  having  a  faint  odour  of  cymene,  a  dsasi^ 
of  1*0385  at  18°,  and  not  volatile  without  decomposition.  From  the  small  qma/dtf 
of  resinous  residue  of  the  distillation,  /3-nitro cymene  may  be  obtained  by  erjm' 
lisation  from  alcohol  in  needles  melting  at  124*5°. 

a.  Nitroc3rmene,  oxidised  with  chromic  acid  mixture,  yields  a  nitrotolnie  aod 
which  is  very  slightly  soluble  in  cold  water,  somewhat  more  easily  in  hot  wat»; 
crystallises  from  dilute  alcohol  in  small  needles  or  laminae ;  sublimes  without  piefiow 
fusion ;  toad  forms  a  barium  salt  which  dissolves  readily  in  water,  and  njitslTinM 
from  the  concentrated  solution  in  stellate  groups  of  slender  needles  (eoafsn 
V.  862). 

Dinitrocymene,  OiaL>H!^0"*Y/\ft  oAaVsCwv^^  \s^  \>m»  <si<^\m»ol  <iC  viitrie  aeid,sp.n 
1*5,  on  cymene  (iwan  l?ty^o\aa  oiiyYii  ^o  iann.  ^1  ^.^l^^^X^^^tdk^X^  vacM^ 
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diitiUation  with  steam.  Sp.  gr.  =  1-206  at  18°  ;  1-204  at  21°.  Together  with  this 
dinitrocjnnene  there  is  also  formed  a  small  quantity  of  a  body  melting  at  178°-180° 
(trinitrocymene  ?)  and  a  nitrotoluic  acid  different  from  that  which  is  produced  from 
o-nitiocymene.  This  nitro-acid  melts  at  183 '6°- 184 -5°,  dissolves  sparingly  in  cold, 
more  freely  in  hot  water,  and  crystallises  therefrom  in  tufts  of  long  needles.  From 
alcohol,  in  which  it  is  easily  soluble,  it  crystallises  in  small  needles. 

Another  dinitrocymene,  solid  at  ordinary  temperatures,  is  obtained  by  leaving 
coal-tar  cymene  for  several  days  in  contact  with  fuming  nitric  acid.  It  is  nearly 
insoluble  in  cold  alcohol,  and  only  slightly  soluble  in  hot  alcohol,  from  which  it 
separates  in  small  colourless  crystals  melting  at  205°  (A.  Rommier,  BtUl.  8oc.  Chim, 
[2],  xix.  434). 


or  THZOCrrMSMa,  C>«H>*SH  (Fittica,  LUbis^s 
Annalen,  clzzii.  824.  Bechler,  J.  pr,  Chem,  [2],  viii.  167).  Fittica  prepares  thymo- 
thiocymeneby  lift^ing  thymol  with  a  quantity  of  phosphorus  trisulpnide  sufficient 
for  the  formation  of  phosphorous  acid.  From  tiie  product  of  this  reaction,  pure 
thiocymene  is  easily  obtained  by  fractional  distillation,  as  scarcely  any  cymene  is 
farmed  at  the  same  time.  The  same  compound  is  formed  in  smaU  quantity  in  the 
preparation  of  cymene  ftom  thymol  by  the  action  of  phosphorus  pentasulphide,  and 
may  be  separated  by  affitating  the  portion  of  the  distillate  boiling  between  210°  and 
240°  with  mercuric  oxide,  boiling  with  alcohol,  and  decomposing  the  mercury-compound, 
which  remains  after  evaporation  of  the  alcohol,  with  hydrogen  sulphide. 

Thymothiocymene  is  a  nearly  colourless  liquid  which  boils  at  230°-281°,  does  not 
eolidiiy  at  —  20°,  and  has  a  pecuhar  pungent  odour,  not  at  all  like  that  of  the  mercaptans 
of  the  fatty  group.  Sp.  gr.  »  0*989.  Its  mercury^  gait,  (G'*H*%)'Hg,  forms^eenish 
rhombohedral  anrstals  melting  at  78°,  rather  sparingly  soluble  in  alcohol,  ^e  lead 
salt,  (C**H*'S)*Fb,  obtained  by  precipitating  the  alcoholio  solution  of  the  thio<^ene 
with  lead  acetate,  cxystallises  ficom  alcohol  in  golden-yellow  needles.  On  droppmg  an 
alcoholic  solution  of  thyihothiocymene  into  ^coholic  gUver  nitrate,  a  yellowish  pre- 
cipitate is  formed  which  soon  becomes  dirty-white  and  remains  amorphous. 

Thymothiocymene,  oxidised  with  nitric  acid,  yields  a  sulphotoluic  acid  different 
from  tnat  which  Flesch  obtained  by  similar  treatment  of  camphor-cymene  (2nd  Suppl. 
421).  This  result,  together  with  the  characters  of  the  mercury  and  silver  salts,  and 
the  boiling  point  of  the  mercaptan,  shows  that  the  thiocymenes  from  thymol  and  from 
eamj^or  are  not  identical  but  isomeric. 

•  xhe  thiocymene  from  camphor  has  been  further  examined  by  Bechler,  who  prepares 
it  by  treatiog  the  potassium  salt  of  the  corresponding  cymene-sulphonio  acid  with 
phosphorus  pentachloride,  and  reducing  the  cymene  sulphochloride  thereby  obtained 
with  cino  aiKl  dilute  sulphuric  acid.  It  is  a  colourless,  strongly  refracting  liquid, 
having  a  disagreeable  sweetish  odour,  a  sp.  gr.  of  0*995,  and  boiling  at  288°.  It 
Tolatilises  wiUi  vapour  of  water,  is  insoluble  in  water,  but  easily  soluble  in  alcohol 
and  ether.  The  fMromy-componnd,  (G'*H"S)'Hg,  crystallises  from  alcohol  in  needles 
hairing  a  silky  lustre.  The  lead-compound  is  yellow,  uncrystallisable,  insoluble  in 
water,  nearly  insoluble  in  alcohol,  but  very  easily  soluble  in  ether,  from  which  it 
alwm  separates  as  an  oil,  which  solidifies  to  a  mass  resembling  colophony. 

Qunphor  thiocymene  does  not  yield  any  definite  products  with  potassium  perman- 
ganate or  with  bromine.  The  reaction  with  permanganate  is  energetic,  and  attended 
with  considerable  evolution  of  heat. 

The  methyUo  ether  of  camphor  thiocymene,  C**H".SCH',  is  obtained  by  adding  the 
calculated  quantity  of  sodium  to  an  ethereal  solution  of  thiocymene,  and  mixing  the 
pioduct  intii  an  equivalent  quantity  of  methyl  iodide,  keeping  the  mixture  cool  in 
ooCh  ftages  of  the  reaction.  It  is  a  strongly  refracting,  ratner  disagreeably  smelling 
liquid,  having  a  specific  gravity  of  0*986,  and  boiling  at  244°.  On  passing  the  vapour 
of  this  ether  over  heated  copper  turnings,  and  treating  the  resulting  hydrocarbon 
with  nitric  add,  an  acid  C'H\CH')*.CO'H  is  formed,  which  dissolves  in  water,  alcohol, 
and  ether,  and  sublimes  in  fine  white  needles.  The  hydrocarbon  (dimethyl-benzene) 
obtained  by  distilling  this  acid  with  quicklime,  yields,  on  oxidation  with  chromic  acid 
mixture,  acetic  but  no  isophthalic  acid^  needle-shaped  crystals  were,  however,  found  in 
the  condensing  tube,  which  appeared  to  consist  of  phthalic  anhydride.  Supposing 
this  to  be  the  case,  the  results  above  described  may  be  explained  by  assigning  to  cam- 
phor thiocymene  the  constitution  represented  on  p.  624,  the  SIX  group  being  adjacent 
to  the  methyl  group.  On  treating  this  compound  as  above  described,  the  hydrogen 
in  the  SH  group  is  first  replaced  by  sodium,  and  this  again  by  methyl.  The  sulphur 
is  then  mmoved,  leaving  orthodimethyl-propyl-bonzeno  (the  two  methyl  groups  con- 
tiguous); this  hydrocarbon,  treated  with  nitric  acid,  yields  the  acid  C*H'(CH')*.CO'H, 
the  propyl  group  being  replaced  by  CO^II,  and  this  acid,  distilled  with  lime,  yields 
oorthodimethyl-benjsenc,  convertible  by  oxidation  into  phthalic  acid :  thus — 
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CYMENE.SULPHONIC  ACID— CYSTINE. 


C»H' 


SH 


Camphor  thiocymene. 


CH» 
Orthodimethyl* 
propylbenzene. 


CH» 

Orthodlm0tb7l- 
bemene. 


/\ 


OOOH 


TX)0»' 


The  thiocymene  from  thymol  will  be  represented  bv  a  similar  formula,  in  vUck 
the  SH  group  is  contignons  to  the  propyl  group,  and  me  con— ponding  mjiji— m 
will  have  the  formula  represented  below : 


C3"H* 


cm' 

A 

OH* 


Ounpbor 
ozycymene. 


-8V&FBOVZC  ACZB,    G**H".SO*H.      When    /S-nitxocymeBe  ii 

gently  heated  with  strong  sulphuric  acid,  the  product  poured  into  water,  and  tk 
mixture  left  to  cool,  a  cymene-sulphonic  acid  separates  out,  different  firam  Unt 
prenously  described  (Ut  Suppl.  420).  It  is  nearly  insoluble  in  cold  water,  nd 
crystaUises  from  hot  water  in  thick  microscopic  prisms  melting  at  177^  (Plttieit 
Deut.  Chem,  Qes.  Ber,  yii.  1360). 

Cymenesulphamidej  O'^H^.SO'.NH',  produced  by  the  action  of  aleoboGe 
ammonia  at  120^-140^  on  cymenesulphochloride,  forms  small  white  InminsR,  wlnek, 
when  purified  by  recnrstallisation  from  boiling  water  with  the  aid  of  animal  diatQQti, 
melt  at  110^  On  mixing  its  solution  in  boiling  water  with  1  moL  ailTer  aeelili^ 
likewise  dissolved  in  hot  water,  a  white  precipitate  is  formed,  oonnstiiig  of  sQwr 
cymenesulphamide,  Ci*H".SO^NHAg. 

Cymeneaulphinie  acid,  C*«H".SO^H.-  The  zmc  salt  of  this  acid  is  foraisd  1^ 
the  action  of  zinc-dust  and  water  on  cymenesulphonic  chloride,  and  the  a«ad  itnlf  a 
obtained  by  decomposing  this  salt  with  sodium  carbonate,  and  the  resulting  aodinn  sdfc 
with  hydrochloric  acid.  On  agitating  the  liquid  with  ether,  and  laaying  the  eUMRii 
solution  to  evaporate,  the  cymenesvdphonic  add  remains  as  a  yelloiw  ayn^  te 
slightly  soluble  m  water.  The  silver,  copper,  and  lead  salts  are  obtained  as  pmpi- 
tates ;  the  potassium  salt  by  neutralisation  and  evaporation  in  colonrleaa  dyBtals,  which, 
when  pressed  and  air-4ried,  have  the  composition  0**H^0^  +  8^HH>.  ^  The  silwr 
salt,  treated  with  the  iodides  of  ethyl  and  propyl,  gave  syrupy  ethers  which  wwe  d»> 
composed  by  distillation  (Berger,  Ber,  x.  976). 

ITOWB,  C*<»H**.C0.OH\    See  KaromEfv  Avokaxkl 


This  name  was  given  by  Butlerow  {Lisbi^s  jinmden, 
349)  to  a  substance  crystallising  in  needles  and  in  plates,  which  he  obtained  £mi  fk 
sap  of  Cywtnehwm  aoittum,  a  creeping  plant  of  the  Apocynaceons  order,  growing  iifb 
neighbourhood  of  the  river  Oxus,  where  it  is  re^urded  as  verj  poisonoos, 
pecially  dangerous  to  camels.    Butlerow  did  not,  however,  snooeed  in  extract 

poisonous  principle  from  it.    According  to  Hesse  (ibid,  clxxxii.  168\  the  

cynanchol  is  a  mixture  of  echicerin  and  echitin  (substances  existing  in  £ita  bul^  fsi 
the  former  crystallising  in  needles,  the  latter  in  plates.'  To  effect  Uieir  sepazatiosfts 
necessary  to  operate  on  large  quantities  of  material. 


From  the  leaves  of  CyprestuspyramidaUg,  Hartsen  (Cbii^  rmL 

Ixxxii.  1514)  obtained  an  amoiphous  yellow  substance  'soluble  in  alcohol,  and  pnift 
tated  by  an  alcoholic  solution  of  neutial  lead  acetate.  The  fruits  of  tfaA  ssae  |Aid 
3nelded  a  substance  crystallising  in  prisms,  soluble  in  alcohol  and  likewise 
tated  by  acetate  of  lead. 


(>\.  ^O^Y    ^^'Vi^'^'^'^'^'c  ^xH^  substance  with  various  reagents  hi 
been  studied  by  Dewai  iw.  Ortoo!^  V,PlM»rm,  J .  Trasw.  V^'V^,  \.  '^'^Ky    ^^  '^i&a^'"^^ 
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moniacal  silrer  nitrate  to  a  solation  of  cystine  in  strong  aqueous  ammonia,  no  altera- 
tion takes  place  at  ordinary  temperatores,  but  on  adding  nitric  acid,  a  canary-yellow 
precipitate  is  formed,  apparently  consisting  of  a  compound  of  crfstine  with  silver 
nitrate;  the  filtrate  bladcens  when  heated.  The  ammoniacal  solution  of  cystine, 
mixed  only  with  silTcr  nitrate,  deposits  silver  sulphide  when  heated,  without  formation 
of  sulphuric  or  oxalic  acid.  On  heating  cystine  with  caustic  soda,  sodium  sulphide  is 
formed ;  with  baryta-water  at  160^,  the  products  are  barium  sulphide  and  sulphite, 
with  traces  of  thiosulphate.  On  heating  it  to  180^  with  alcoholic  potash,  distilling 
off  the  alcohol,  and  exhausting  the  acidulated  residue  with  ether,  there  is  obtained, 
after  evaporation,  a  non-crystallising  substance  free  from  sulphur  and  having  a  strong 
add  reaction.  Cystine  treated  with  sine  and  sulphuric  add  gives  a  considerable 
quantity  of  hydrogen  sulphide  (taurine  nmilarly  treated  gives  noneV.  Qystine  heated 
under  water  with  nitrous  add  dissolves,  forming  a  dear  liquid,  wmch  contuns  sul- 
phuric but  no  oxalio  add,  and  reduces  silver  nitrate. 

J.  H.  Muller  (Zeitsckr,  Anal.  Chem,  1873,  234)  has  CTamined  urinary  calculi  of  the 
siia  of  peas  consisting  of  pure  cystine.  For  the  recognition  of  this  substance,  he 
recommends  dissolving  it  in  potash-ley,  and  testing  the  solution  fbr  potassium 
sulphide  with  a  nitroprusside. 

ij.  Gmelin  assigned  to  cystine  the  formula  CH^SO*.  It  appears^  however,  from 
the  experiments  of  Dewar  (Pkarm.  J,  TVans,  [8],  vii.  144),  that  cystine  treated  with 
nitrons  add  yields  a  product  agredng  in  its  characters  with  the  syrupy  modification 
of  pyruvic  acid,  CHH)*.  Hence  it  is  probable  that  cystine  has  the  constitution  of 
amido-thiopyruvic  add,  CH'NO^,  and  contains  only  6  atoms  of  hydrpp^en.  Dewar 
finds,  moreover,  that  cystine  treated  with  sodium-amalgam  does  not  yidd  alanine, 
0*H^0* :  hence  it  appears  that  the  sulphur  is  not  replaceable  by  hydrqgen.  The 
relation  of  cystine  to  pyruvic  acid  may  therefore  probably  be  represented  as  follows : 

CH»  OH«(NH«) 

GO  GO 

CO.OH  C0.8H 

PyntTio  edd.  Oyatlne. 

The  quantities  of  cystine,  urea,  and  uric  acid  contained  in  the  urine  excreted  in 
34  hours,  on  14  consecutive  days,  by  a  patient  suffering  from  cystinuria,  have  been 
determined  by  W.  F.  LSbisch  {LiAi^s  Atuialm,  Ixxxii.  231).  The  mean  numbers 
found  were  fbr  urea  38*28  grams,  for  uric  acid  0*5646,  for  cystine  0*898,  the  quan- 
titiee  of  urea  and  uric  add  exhibiting  no  deviation  from  the  normal  amounts.  LSbisch 
ia  of  opinion  that  the  alleged  decrease  in  the  excretion  of  these  substances  in  previously 
described  cases  of  cystinuria  must  have  been  due  to  changes  in  the  organism  accom- 
panying the  cystinuria,  but  not  necessarily  connected  with  it 


D 

Kauri  or  Chwdie  Oum, — ^This  gum-resin,  the  jproduce 
of  Jkmma/ra  OHStraUa,  a  large  tree  growing  in  New  Zealand,  was  examined  m  1848 
by  R.  G.  Thomson  (ii.  801),  and  has  been  farther  examined  by  M.  M.  P.  Muir  (Chem, 
8oe.  J.  1874,  p.  783),  who  finds  that  it  has  a  spedfic  gravity  of  1*042,  and  is  partly 
■oluble  in  water,  partly  in  alcohol,  and  partly  in  ether.  The  alcoholic  klution 
eontains  traces  of  benzoic  and  succinic  adds.  It  is  very  strongly  attacked  by  dilorine, 
bromine,  and  concentrated  nitric  add,  and  dissolves  at  ordinary  temperatures  in  strong 
sulphuric  add,  forming  a  red  liquid  fbom  which  water  throws  down  a  white  substance. 
In  solutions  of  caustic  alkalis  it  swells  up  and  partly  dissolves.  Bv  dry  distillation 
it  yields  a  volatile  oil  which  boils  between  166^  and  166^,  and  gives  by  analysis  79*07 

Sr  cent  carbon  and  10*90  hydrogen,  indicating  the  formula  G*^H*0^  (Thomson  found 
*2  carbon  and  11*1  hydrogen). 

HAMOVaiTB.    On  Damourite  accompanying  Gorundum,  see  Genth  (J,  pr. 
CSIem.  [2],  ix.  49  ;  Jahrub.f.  Chem.  1878,  1161). 

HATBS.    The  kernels  of  dates  have  been  analysed  by  F.  H.  Storer  {Bulkiin  of 
I    iki  Buuy  InsHUtU,  i.  373 j^  with  the  fbllowing  resuiU ; 
3rd  Sup.  S  S 


62G  DATOLITE— DAVTUM. 

Garboliudnitei 
W»t«r  Adi  Flrotaids  and  Fat  CdlnloM 

9*27  1*04  6-46  6M7  23*06  -   100. 

The  drjr  organic  matter  amounts  to  89*70  per  eent^,  the  fjit  to  8*60,  and  oitropa 
to  0*86.    These  results  show  that  dates  fbrm  a  valuable  article  of  food. 

HATO&XTB.  This  mineral  oocnrs,  associated  with  garnet  and  Tesnrian,  ia  s 
limestone  at  Santa  Clara,  California.  It  is  colourless  and  crystalline,  but  dost  act 
exhibit  distinct  &ces,  sp.  gr. »  2*988.    Analysis  gare — 

SIO*  BKP  CSaO  E*0 

8802  21*62  33*87  6*61   «  99*12 

(J.  L.  Smith,  mi  Am.  J.  [8],  yiii.  484). 

The  monodinic  character  of  datolite,  first  demonstrated  by  K  Dana,  has  been  eoa- 
firmed  by  an  examination  of  the  optic  and  thermic  characters  by  C.  Bodewig  (iV^. 
Ann.  clTiii.  230;  Chem,  8oo.  J.  1877,  ii.  170). 

9ATUBA.  On  the  chemico-legal  detection  of  IkUnra  S^ramcmimm,  JJtnf^ 
BeUadonna,  and  Eyoteyamua  niger,  see  Wasilewsky  {Ckem.  Centr.  1877»  p*  9 ;  Ckm. 
Soe.  J.  1877,  ii.  934). 

HJkVMRMWLXTMm  This  name  is  giren  by  J.  L,  Smith  to  a  sulphide  of  dno- 
mium  (62*38  per  cent  Cr  and  37'62  S),  occurring  as  a  coating  and  in  Teins  of  eotui 
concretions  found  in  masses  of  meteoric  iron  frmi  the  Mexican  Deaeit  (SiU,  Jai.  J, 
[3],  xii.  107;  Jakrb.f.  Chem,  1876,  1314). 

]IAimBIT&  An  oxychloiide  of  bismuth  from  the  bismuth  mine  of  Ooa- 
stancia  in  Bolivia,  where  it  occurs  somewhat  abundantly,  as  a  yellowish  or  grniA 
earthy  mass  containing  a  large  quantity  of  opaque  crystalline  nacreons  plates,  waick 
sometimes  give  it  almost  a  fibrous  texture.  Hardness  «  2  to  2*5.  Sp.  gr. «  6*4  to  6i. 
Analysis  shows  it  to  contain  72*60  per  cent.  BiKH,  22*62  Bia*,  3*84  HK>,  and  07S 
Fe'C,  a  composition  which,  neglecting  the  water  and  ferric  oxide  as  unaiinentia1,lBiih 
to  the  formuui  BiCl'.4BiH)',  intermediate  between  those  of  the  two  known 
prepared  oxychlorides,  BiCl*.2Bi*0*  and  BiCl*.6Bi>0'  (Domeyko,  Campt.  rt 
922). 

HAV  V  UM«  A  metal  recently  discovered  in  Bussian  platinum  ore  by  8. 
(Compt  rend.  Ixxxv.  72 ;  Chem.  News,  xxxvi  1 14  ;  Chem.  CMr.  1877,  pp«  562,  M)^ 
The  ore,  containing  80'03  per  cent,  platinum,  9*16  iridium,  0*61  rhodium,  I'SfioMaa, 
1*20  palladium,  0*45  iron,  0*28  ruthenium,  1*02  copper,  was  treated  by  TTiinsw'i 
method  (Phil.  Mag.  [4],  xxxvi.  263  ;  Jakrb.  /.  Chem.  1868,  280),  to  aepuats  tk 
metals,  and  the  mother-liquor  which  remained  after  separating  the  rhodiuB  ■! 
iridium  was  heated  with  excess  of  chloride  and  nitrate  of  ammonium.  The  dad:  nd 
precipitate  thereby  formed  gave  on  ignition  a  grey  metallic  mass  reaembling  plith 
num  sponge,  and  this,  when  fused  before  the  o^-hydrogen  blowpipe,  yielded  the  aif 
metal  m  &e  form  of  a  metallic  button  having  a  tilver-white  colonr  (0^7  gna  tarn 
600  grams  of  the  ore,  or  about  0*045  per  cent.) 

The  atomic  weight  of  davyum  is  nearly  154.  Sp.  gr.  9*389.  The  metal  is  hui, 
but  malleable  when  heated;  it  is  easily  attacked  by  aqoa  regia;  TazysU^hlijIiy 
boiling  sulphuric  acid.  A  solution  of  the  chloride  gives  with  potaah  a  lig^t  kBai> 
yellow  precipitate  easily  soluble  in  adds,  even  in  strong  acetic  acid.     Hifdregmad' 

pMde  fcurms  a  brown  precipitate  becoming  black  when  dry.    iWoMMMa  tiA 

colours  the  solution  deep  red,  and  in  a  concentrated  solution  fbrma  a  red 
tate,  which,  when  dried  over  siilphuric  acid,  yields  red  crystals  of  davynm 
changing  when  heated  in  a  sand-bath  into  a  black  mass  having  the  same 
as  the  crystals.    An  add  solution  of  the  chloride  gives  with  pota»9mm  ferrocfmih  a 
brown  predpitate. 

Davyum  chloride  forms  crystals  easily  soluble  in  water,  alcohol,  andetha;ai 
absorbing  but  little  moisture  from  the  air.    When  heated  before  the  blowpipe  in 

converted  into  the  monoxide,  which  is  insoluble  in  all  acids  except     ' ' 

Davyum  chloride  unites  with  the  chlorides  qf  potasnum,  ammonhem  and  tT 

ing  double  chlorides  in  the  form  of  dark  red  crystals  slightly  soluble  in 

ble  or  nearly  so  in  alcohoL    The  sodium  aatt  is  nearly  insoluble  in  water  as  vdsi 

in  alcohol,  a  character  which  distinguishes  davyum  from  all  the  other  platiiM* 

metals,  the  sodium  double  chlorides  of  which  are  easily  soluble  in  water. 

Davyom  chloride  dissolves  easily  in  potaasium  cyanide,  the  acdution  yiddhf « 
evaporation  prisins  of  potassium-da  vvum  cyanide,  the  potassium  in  whieh  mvli 
replaced  by  various  other  metals,  forming  soluble  double  cyanides. 

Davyum  aulp^^te,  oWa^ii^ >a^\i«&.\I\xv^  \!tA  \&ft\&i  "^vth.  salphuric  ^^^ k  t 
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hydrogen  Bolphide  through  the  acid  lolation  of  a  davyiuii  salt,  is  a  brown  precipitate 
which  tarns  black  when  dry,  and  dissolyes  in  the  snlphide  of  the  alkali-metals,  pro* 
bablj  forming  snlphnr-salts. 

On  the  spectrum  of  dayyum  volatilised  in  the  electric  arc,  see  Con^t,  rmd,  Ixzxv. 
667 ;  Chem.  Cmtr.  1877,  764. 

SA'Wrsovnni.  This  mineral  oocors  in  the  clefts  of  a  trachytio  rock  situated 
to  the  west  of  McCKll  Coll«ze>  in  Canada.  It  has  a  fibrous  textnre.  Hardness  ■>  3. 
8p.  gr.  =>2'40.  White,  transparent  Before  the  blowpipe  it  turns  deep  yellow 
and  swells  up.    DissolTss  with  efibrvescence  in  hydrochloric  add.    Two  analyses 


00"       A1*0"«    OftO      KgO       N»*0       rO       H"0       EUO* 
29*88    82-84    6*96    trace    20*20    0*38     11*91     0*40  -   101*66 
30*72    32*68    6*66    0*46     20*17     —      10*32      —    »     99*99 

(Harrington,  Canadiait  NatwraUst,  yii.  6). 

HBOABBOMOnmBVT&AXnra.    See  PEBnrLAlOXBS. 

naOARllBOVAraTSAXaHB.    See  NAFRTKAunnB. 

HBBVMULOBTZO  AOZB,  O'H'O^  This  acid  dissolTed  in  phosphorus  cnj- 
chloride  reacts  with  the  pentachloride  in  such  a  manner  as  to  form  mhydraoeUo  ohio* 
ride,  O^'OKIl*,  that  is  dehydraoetic  acid  in  which  two  hTdroz^l-groups  are  replaced 
bj  chlorine.  This  substance  czystallises  in  reddish  needles  wmch  melt  at  101^.  It 
is  decomposed  by  distillation  per  se,  but  Tolatilises  with  water-vapour.  When  heated 
to  200®  with  water,  it  is  converted  into  dehydracetie  add. 

DeJ^draeetamide,  CH'O'J^H',  is  obtained  by  evaporating  a  solution  of  dehydra- 
cetie acid  in  aqueous  ammonia,  or  by  evaporating  a  solution  of  the  ethyl  ether  of  the 
add  in  alcoholic  ammonia.  It  is  a  crystalline  substance  melting  at  208*6^  and 
dissolving 'eadly  in  alcohol,  ether,  and  hot  water.  It  sublimes  without  deoompod- 
tion. 

Dekydraeetamlide,  0'H'0*.NHC*H\  is  formed  by  warming  the  add  with  excess  of 
aniline.  It  crystallises  in  white  needles,  which  disBolve  in  slcx^ol  and  ether,  melt  at 
116^,  volaUlise  with  aqueous  vapour,  and  decompose  when  heated.  It  dissolves 
in  dilute  hydrochloric  add,  and  forms  a  very  unstable  double  salt  with  pladnic 
ehUmde. 

MonoehlorodeJ^fdraoeiie  aaid,  O'H'CIO^,  obtained  by  passinff  chlorine  into  a  solu- 
tion of  the  add  in  chloroform,  crystallises  in  needles  which  melt  at  93®. 

JdtMobromodehydraeetie  acid,  OH^rOS  is  formed  on  heating  a  solution  of  the 
add  in  chloroform  to  30^-40^  with  bromine.  It  is  a  yellowish  crystalline  body  melt- 
ing at  134^  (Oppenheim  a.  Frecht,  BetU.  Chem,  Gee.  Ber.  iz.  1099). 

iOMTOMAWnWMM.    See  AcBiOKAMnrBS  (p.  31). 

W.  This  redn,  whidi  exudes  from  Gardenia  hteida,  an 
East  Indian  plant,  has  a  well-marked  odour,  is  yellow  when  powdered,  and  dissolves 
with  yellow  colour  in  alcohd  (0*83  sp.  gr.^  the  solution  having  a  fine  yellow  colour, 
with  a  well-marked  greenish  tinge.  It  is  neutral  to  litmus  paper,  but  is  coloured 
deep  greenish-brown  by  ferric  chloride.  Fused  with  caustic  potash  it  yields  a  sub- 
stance from  which  protocatechuic  acid  separates  on  addition  of  adds.  On  exhausting 
the  redn  with  hot  alcohol,  garden  in,  C;"H*0**  (C*HH)*,  according  to  Stenhouse,  see 
OABDXNDr),  is  obtained  in  yellow  adcular  crystals,  mdting  at  166^.  The  amorphous 
poirtion  of  dekamali  is  also  soluble  in  alcohol,  and  jidds  with  lead  acetate  a  veUow 
predpitate,  lead  also  remaining  combined  in  solution.  The  predpitate  yielded  on 
aecomposition  a  small  quantity  of  resin,  and  the  solution  appeared  to  contain  a  redn 
melting  bdow  100^,  and  yielding  by  analysis  numbers  approximatdy  represented  by 
the  formula,  C»H*^0«  (Fluddger,  Pkarm.  J.  2Kim.  [3],  vii.  689). 

On  the  separation  and  estimation  of  this  alkaloSd,  see  Plant- 


This  mineral  occurs  in  nodules  with  botryolidal  surfietces  on 
Teins  at  the  outcrop  of  brown  haematite.  Its  colour  is  brown,  liver-brown,  chestnut- 
brown  to  black ;  fracture  conchoadal ;  lustre  pitchy.  It  is  brittle,  and  fails  to  pieces 
after  a  while,  in  consequence  of  gradual  desiccation.  When  air-dry  it  still  contains  a 
eondderable  quantity  of  hygroscopic  water,  which  it  loses  after  some  time  over  cal- 
dum  diloride,  but  recovers  on  exposure  to  the  air.  After  gentle  ignition,  whcnreby  it 
[  loses  all  its  water,  it  forms  a  brown-red  |>owder,  and  mdts  before  the  blowpipe  to  a 
giey  magnetic  bead.    The  spedfic  gravify  of  the  air-dried  mineral  varies  between 


f  *  With  tnoe  of  ferric  ozlAe. 
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1*35  and  2*25,  inereasing  as  the  quantity  of  hygroflcopic  water  <1iininiA>ia  Whn 
completely  freed  from  hygroscopic  water  by  diying  over  calcium  chloride,  it  has  a  ip. 
gr.  of  2*697-2-707.  It  dissolves  very  easily  in  cold  strong  hydrochloric  add,  with  scpna- 
tion  of  flocks  of  silica,  forming  a  brown  solntion.  hi  warm  adda,  even  when  toj 
dilute,  it  dissolves  with  nnnsoal  &rility.  In  water  many  Tarietiea  decrepitate  bat 
without  disintegrating ;  others  do  not  decrepitate  at  alL 

The  chemical  composition  of  the  mineral  dried  over  caldum  chloride  answers  mm 
nearly  to  the  formiUa,  2CaO.P«0*  +  6Fe»0».P«0»+16HH);  it  may  also  be  nearly  rs- 
presented  by  Ca0.2Fe*0*.P<0>  +  7H*0  (Y&la  a.  Helmhacker,  Jakrb.  /.  Mm.  1876, 
817). 

DBSOXiOSsiTB.    See  Vanasatss. 


I.    See  Abdbnkitb  (p.  119). 

,  C"H»H)-:0»H».CH«.C0.OH»  (2nd  8umd.  17«).  Ttk 
compound,  heated  to  150^  in  a  sealed  tube  with  alcoholic  potash,  yields  stilbae 
hydrate  and  the  potassium  salt  of  diethylcarbobensonic  acid,  CH^K)*.  Hoi 
add  crystallises  in  white  needles,  soluble  in  alcohol  and  ethar,  aiid  yielda  a  whits 
soluble  sodium  salt,  and  a  white,  amorphous,  sparingly  soluble  direr  salt.  Bw  tin 
action  of  an  ethereal  solution  of  ethyl  iodide,  the  dry  nuver  salt  is  oonrerted  into  tmj^ 
diethylcarbobenzonate,  which  is  a  heavy  oily  liouid.  NUrio  aeid  diseolTee  dietl^flettti^ 
benzonioaddwithatrandent  red  coloration,  and  on  additionof  water  dinitrodiethyl- 
carbobenzonic  acid,  0**H^'(NO')H)',  separates  out  as  a  white  flooeulent  pnapi- 
tate.  On  crystallisation  from  hot  alcohol  it  yidds  white  needles  melting  at  166"- 
166^,  and  soluble  in  26  pti.  of  boiling  acohol.  By  i^on  with  excess  of  alUi, 
potasdnm  diethylcarbobenzonate  is  split  up  into  potasdum  diethylbenaosts  tii 
potasdum  benzoate. 

By  heating  to  150^  in  a  sealed  tube  a  mixture  of  deozybensotn  and  s  solutioB«f 
potasdum  hydroxide  in  normal  propyl  alcohol,  there  is  formed  stilbene  hydrate  lai 
the  potasdum  salt  of  dipropylcarbobenzonic  acid,  CH'H)*.  This  add  em- 
tallises  partly  in  long  thin  plates  and  partly  in  heavy  octohedrons.  The  oetohe&l 
crystals  melt  at  90^,  and  are  easily  soluble  in  alcohol  and  e(her,  whilst  the  tUi 
plates  are  less  soluble  in  these  liquids,  and  melt  at  139^.  The  latter  yuld  vitk 
nitric  acid  rhombic  plates,  melting  at  176^,  sduble  in  40  pts.  of  boiling  alodbol,  ■! 
having  the  composition  of  dinitrodipropylcarbobenzonic  acid,  CH'^O'jlV. 
The  octohedral  crystals  yidd  by  nitration  a  rednous  body  easily  solable  in  alegU. 
Pseudopropyl  alcohol  does  not  act  on  deoi^bensdlLn  in  the  same  manner  as  the  noml 
alcohol. 

Deoxybenzoin  heated  to  140<'-142<'  with  a  solution  of  potash  in  im)hui^  oleM, 
yields  the  potasdnm  salt  of  di-isobutylcarbobenzonic  acid,  C*B*ki^,  yMA 
acid  crystallises  in  rhombic  plates  melting  at  148^,  and  soluble  in  20  pts.  of  bdUv 
alcohol;  and  with  amyl  atoohol  in  like  manner,  diamylcarbobensonie  aei( 
C>4H'*0*,  is  obtained  in  long  thin  needles  mdting  at  160^  and  dissolTing  in  tt*6  fta. 
alcohol  (Zagoumenny,  DeiU.  Chem,  Ges,  Bar,  viii.  266  ;  Xm6.  Aim.  dzxziT.  168). 

HBOZTOIilFTAVIO  AOZB,  syn.  with  Nobxal  Ftbotabtajuc  acid  (£.9.) 

See  Hbsittl  Osidb. 


SBOZTVBOmOVB.    See  Phobokb. 


C<Hi«0*.  3faiit«/ac^r«.— Anthon  (Dingl.  pci,  J.  ccanriil  10; 
ccxix.  467)  prepares  dextrin  from  tJie  entire  substance  of  potatoes  in  the  ftUsn 
manner.  The  bruised  potatoes  are  exhausted  with  add  or  alludine  water,  then  wmm 
and  dried,  and  the  diy  substance,  after  beinff  finely  pulverised,  is  moistened  with  6  ti 
10  per  cent,  of  its  weight  of  aUioofluoric  or  borofluorio  acid,  then  spread  in  the  dmf 
rooms  on  linen  cloths,  and  heated,  first  at  88^-84^,  then  at  70^-76^,  till  its  wm|i 
becomes  constant,  and  finally  for  half-an-hour  at  90^.  The  starch  thus  thoiou^ 
dried  is  placed  in  tin-plate  dishes,  and  heated  in  a  salt-bath  to  1 00^-1  SO^,  tut 
sample  taken  out,  cooled,  and  moistened  with  cold  water,  forms  transparent  vilaM 
globules.  Good  results  were  obtained  with  10  pts.  by  weight  of  potato-stank  dad 
at  40'' -50'',  and  6*6  pts.  of  silicofiuoric  add  (1  pt.  of  add  at  Q""  Bm.  to  7  vafcvX^ 
mixture  being  heated  to  108°  for  nine  hours. 

Pwrificaiion  and  2V^0rf»««.— According  to  C.  O'SuUivan  (Chem.  8oe.  J,  I87l»  6111 
dextrin,  whether  prepared  by  the  action  of  acids,  or  of  malt-extract  (diastMi)  • 
starch  paste,  always  contains  sugar,  which  cannot  be  separated  from  it  bj  iMn  p» 
cipitation  with  alcohol,  but  onl^  by  fermentation  with  yeast  followed  by  r^sstad  » 
cipitation  with  alcohoL  In  this  way  a  product  may  be  obtained,  wrhich,  whas  h&i 
for  twenty  minutea  w\\\i  fcStWu^^  Cjorgf^t  «k^^<uii^  «»s£^  ^  todudn^  power  e^dialrt 
to  only  2  per  cent,  oi  i^ucoae. 
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The  parified  dextrin  thoB  obtained  is  a  white  brittle  powder,  sometimes  containing 
shining  petioles,  which,  when  examined  bj  the  microscope,  exhibit  no  traces  of 
crystiSisation,  but  appear  as  fracture-surfaces.  When  dried  over  sulphuric  acid  it 
retains  a  molecule  of  water  (C«H*<'O^H'0),  which  is  given  off  at  100^.  It  dissolves 
Tery  easily  in  hot  water,  with  rise  of  temperature  if  previously  dehydrated.  It  is  not 
perceptibly  soluble  in  cold  alcohol.  Its  specific  gravity  is  1*03845,  and  its  rotatory 
power  [a]  a  +  213^.  Soluble  starch  coloured  blue  by  iodine  exhibits  the  same  specific 
zotatory  power. 

Wlien  a  solution  of  dextrin  is  subjected  to  the  prolonged  action  of  malt-extract, its 
seducing  power  is  gradually  increabed,  the  dextrin  being  converted  first  into  maltose, 
and  ultimately  into  dextrose  (see  Svoabs). 

Bondonneau  (Bull.  8oo,  Chim.  [2],  xxi.  60 ;  xxiiL  98)  also  finds  that  commercial 
dextrin  cannot  be  purified  from  sugar  by  precipitation  with  alcohol,  butthat  a  perfectly 
pure  produce  may  be  obtained  by  boiling  the  dextrin  with  an  alkaline  solution  of 
capric  chloride.  Dextrin  thus  purified  giT6S  with  iodine  a  dark  red  coloration,  whidi 
disappears  at  40^,  but  reappears  on  cooung.  It  gives  no  brown  colour  with  caustic 
soda,  no  precipitate  with  ammoniacal  silver  solution  or  gold  chloride,  but  is  precipitated 
by  baryta-water,  and  by  an  ammoniacal  solution  of  lead  acetate. 

"From  ftirther  expenments,  Bondonneau  infers  that  the  first  product  of  the  action 
of  dilute  acid  upon  starch  consists  wholly  of  dextrin  (not  of  a  mixture  of  dextrin  and 
g^lucose,  as  asserted  by  Musculus,  Ann,  Chim,  Tkya,  [3],  Ix.  203),  the  dextrin  being 
converted  into  sugar  omj  at  a  later  stage  of  the  process.  By  drying  the  mixture  in 
the  cold  before  sacchanfication  was  completed,  and  extracting  the  soluble  portion 
with  cold  water,  he  found  this  portion  to  consist  of  13*7  per  cent,  glucose  and  86*3 
dextrin,  whereas,  according  to  the  equation,  4(Xa"0»  + IPO  =  OH»«0«+3C«H"0S 
given  by  Musculus,  which  assumes  the  simultaneous  formation  of  dextrin  and  glucose, 
the  proportion  of  the  latter  should  be  at  least  25  per  cent.  (Compt,  rend,  Ixxxi.  972). 

DeUetion  qf  Dextrin. — ^According  to  Hager  {fiin^l.  pol,  J,  ccix.  398),  an  admixture 
of  dextrin  with  gum-arabic  may  be  detected  by  laying  about  20  lumps  of  the  mixture 
in  a  porcelain  biwin,  drenching  them  with  a  mixture  of  equal  parts  of  ferric  chloride 
solution  (sp.  gr.  1*480  to  1*484^  and  distilled  water,  and  leaving  the  liquid  to  act  on 
them  for  30  to  60  seconds.  Ii  the  basin  be  then  quickly  inclined,  the  lumps  of  dextrin 
irill  roll,  while  the  gum  will  adhere  to  tlie  bottom  of  the  basin. 

E.  Beichardt  (Arch,  Pharm.  [3],  v.  502)  foxmd  dextrin  in  the  urine  of  diabetic 
patients  who  had  oeen  drinking  toe  waters  of  Carlsbad,  the  dextrin  making  its  ap- 
pearance after  the  sugar  had  diminished  in  quantity  or  disappeared.  It  was  separated 
by  treating  the  concentrated  urine  with  potash  and  alcohoL  The  resulting  precipitate, 
after  washing  with  alcohol,  exhibited  the  composition  of  dextrin,  reduced  Fehling's 
aohition,  not  immediatelv,  but  after  some  time,  was  coloured  red-brown  by  iodine,  and 
converted  into  sugar  by  heating  with  dilute  sulphuric  acid. 

On  the  Estimation  of  Dextrin  in  Fermented  Liquids,  see  B^champ  (J,  Pharm, 
Chim.  [4],  xxi.  458 ;  Chem,  8oc,  J,  1876,  i.  762). 

laomerlo  Seztiiiis.  The  dextrin  which  Biot  a.  Fersos  obtained  by  the 
action  of  sulphuric  acid  upon  starch  (ii.  312)  becomes  blue  with  iodine.  Bwhamp 
described  as  aextrin  a  substance  which  did  not  become  so  coloured,  and  attributed  the 
reaction  of  Biot's  dextrin  with  iodine  to  the  presence  of  soluble  starch.  According  to 
Nasse,  the  violet  or  red  tint  which  dextrin  is  usually  said  to  give  with  iodine  is  a 
mixture  of  a  blue  depending  on  soluble  starch  (amidubn),  and  of  a  red  due  to  dextrin 
proper.  B6champ*s  dextrin,  which  does  not  become  coloured,  is  designated  by  Nasse 
as  aextrinoffen,  Grieesmayer  finds  that  filtered  starch-paste  is  gradually  converted, 
llrst  into  a  dextrin  which  gives  a  red  colour  with  iodine  (dextrin  II),  and  afterwards 
into  a  dextrin  (I)  which  is  not  coloured  by  iodine  {2nd  Suppl,  1009).  Briicke  {Wien, 
Akad,  Ber,  Ixv.  13],  126)  distin^^uishes  the  latter  as  aehromodextrin,  the  former  as 
mythrodextrin.  He  finds  that  neither  erjthrodextrin  nor  aehromodextrin  reduces  cop- 
per solution ;  and  that  the  reduction  of  copper  by  commercial  dextrin  is  due  to  the 
presence  of  sugar.  According  to  Griessmayer,  erythrodextrin  has  a  greater  affinity 
for  iodine  than  starch.  Briicke,  on  the  other  hand,  finds  that  the  blue  colour  of  the 
starch  appears  befbre  the  red  of  the  eiythrodextrin,  when  the  two  are  present  to- 
gether, at  ordinary  temperatures  (18°  C),  though  at  higher  temperatures  the  affinity 
of  the  two  substances  seems  to  be  equal. 

Dextrin  may  be  separated  from  starch  by  a  modification  of  GUessmayer's  method, 
viz.,  precipitation  of  the  starch  by  means  of  tannin ;  but  in  order  to  separate  the  two 
substances,  eiythrodextrin  and  aehromodextrin,  from  each  other,  the  best  method, 
according  to  Briicke,  is  to  fractionate  with  alcohol.  First  the  starch  is  precipitated, 
if  it  has  not  been  previously  removed  by  the  tannin,  then  the  erfthsod«x^\i,  «:fi^ 
lat^jr  the  acbromoaextnB,  which  generally  carries  with  it  &  csiV&yii  '^kt^iNK^'^  ^ 
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sugar.  A  part  of  the  achromodextrin  ia  also  carried  down  with  the  erythmleuii^ 
60  Uiat,  when  onlj  small  quantities  are  present*  it  is  not  easy  to  obtain  euct  quslH 
tative  results. 

According  to  Bondonnean  (Compt  rend.  Ixzxi.  972,  1210),  dextrin  b  iiUBefdUi 
of  three  isomeric  modifications,  a,  /3,  y,  which  are  pzodnced  in  snocenon  by  lb 
action  of  dilute  acids  upon  starch,  and  finally  oonTorted  into  glncose.  On  liii^ 
alcohol  to  the  mixture  at  an  early  stage  of  the  reaction,  a  precipitate  is  foimsd  ab- 
sisting  of  two  dextrins,  one  of  which  (a)  is  identical  with  the  dextrin  prodooid  h 
roasting,  being  coloured  rod  by  iodine,  whereas  the  aeoond  (3)  ia  not  altend  thoalv.* 
As  the  action  proceeds,  the  proportion  of  a-dextrin  diminishes,  and  finally  the  pnofi- 
tate  formed  by  alcohol  consists  wholly  of /3-dextrin,  not  oolonred  by  iodine,  and  iiescal 
with  the  dextrin  produced  by  the  action  of  diastase.  The  alooholie  solution  bov  en- 
tains,  in  addition  to  glucose,  another  non-reducing  body,  namely  7^  dextrin,  wliuhii 
soluble  in  absolute  alcohol,  net  coloured  by  iodine,  and  is  rezy  easily  eonrotid  as 
glucose  by  the  action  of  dUute  adds.  The  same  bodies  (o-dextrin,  nowerer,  is  mf 
small  quantity)  are  formed  by  the  action  of  diastase.  £oth  a-  and  3-dextns  at 
deposited  from  solutions  of  24^-26^  Bm.  cooled  to  *  1°,  in  the  form  of  milkj  bms 
which  become  transparent  when  warmed,  and  then  dissolTe  completely  on  aapUOm. 
This  reaction  is  not  prevented  bv  a  small  quantity  of  glnoose^  but  is  stopped  bjilojf 
quantity.  Diastase,  even  at  ordinary  temperatures,  quickly  conTezts  a-  into  d-ddfioa 
without  sensible  formation  of  sugar,  the  /9-dextrin  not  undergoing  any  farther  ino££- 
cation.  In  warm  solutions  the  a-dextrin  disappears  almost  immediately,  and  tjp^ 
longed  action  the  resulting  /9-dextrin  is  almost  wholly  oonTerted  into  THlextris  nd 
stigar.  7-dextrin  has  not  been  obtained  pure.  Its  properties  are  reiy  m«h  lb 
those  of  glucosan  (ii.  854).    Its  rotatory  power  was  determined  by  ff^lf^lrtiiw, 

The  following  table  exhibits  the  most  characteristic  properties  of  the  thne  do- 
trins,  compared  with  those  of  starch  and  glucose: 


Starch     . 

Rotatory 
•    216 

Action  of 

todfna 
Blue 
Red 
Golonrless 

Aetkaof 
abnloti 
■koM 
TiisnlnKlii 

Dextrin,  a 

,.       7       .        . 

Glucose  . 

.     186 

.        .     176 

.     164 

.      52 

n 

Soluble 

According  to  O'Sullivan  on  the  other  hand,  dextrin  exhibits  exactly  tht  lai 
specific  gravity,  rotatory  power,  and  other  physical  properties,  whether  in  its  pRpp- 
tion,  the  action  of  the  acid  or  of  the  diastase  has  been  continned  till  the  prodsft  pm 
no  colour  with  iodine,  or  only  till  it  gives  a  red  colour :  hence  he  infers  that  di^K 
when  properly  purified,  is  one  and  the  same  substance,  the  dififexent  vMctices  wA 
iodine  in  the  product  before  purification  being  due  to  small  quantities  of  othv  1^ 
stances  (p.  628). 

saacnono  AOZB.  C«H>K)'.  According  to  Reichaidt  (Demi.  Ckem,  G9.  Ar. 

viii.  1020),  this  acid  is  formed  from  soluble  starch  by  the  action  of  Br  and  AgH),is(k 
same  manner  as  from  dextrin  {2nd  Suppl,  424). 

ITBOFZBKA&ZO  AOZB.    See  FiiCABiC  ActD. 

See  Sdoabs. 


Licbe's  Du^ntaekroni^  (2md  Suppi,  424).  This  h^ 
ferruginous  variety  of  chlorite,  which  gives  the  green  oolonr  to  the  disbefifB  ofAi 
Voigtland  and  the  Frankenwald,  occurs  also,  together  with  calcium  carboaau  td 
silica,  in  the  cavities  of  the  amygdalo'idal  diabase  which  forma  one  of  the  xmi6m  d 
trap-rock  in  the  Connecticut  valley.  A  specimen  of  radiate  strnctuTC,  dsik  BM 
colour,  sp.  gr.  =  2*70,  and  hardness  «>  1,  gave  by  analysis : 

&(y  IVU'         AIH)*  FeO  ICnO        CaO         1C«0  1Sm?0         HV 

33*24         11-07        2-26       2511        0*41        1*11        16-61         0*26        9*91   .  9^ 

SiO»  Fe-0».Al-O-      Feo,Xg0.te.         ITO 

Oxygen-ratio  ....     17*73  5*83  12'66  511 

()t  nearly        ....       4*3  2  5  j 

This  ratio  is  that  which  is  required  to  form  a  uniailtcate  of  the  orioaclaitf 
(O.  W.  Hawes,  8iU,  Am,  J,  [3],  ix.  464).  '^^ 


Microscopical  investigations  on  diabases  have  been  pabUib«d  bri. 
F.  Dathe  (Jahrb.f.  Min.  1874,  640).  He  divides  these  rocks  into  diabaMs  FnpcrW 
quartz -diabases,   both  containing  plagioclaso  (probably  always   oligodaseX 


*  The  dcxtnnt  wt«  \n3^^^^ 


(2.) 

49-78     2-97t 

1405     14-86 

9-44    5-65 

(8.) 

50*96     trace 

5-23     27-78 

1011     5-89 
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titanic  iron,  magnetic  iron  ore,  iron  pyrites  and  apatite,  and  the  latter  also  quarts 
mad  magnesia-mica.  The  angite  and  mica  give  rise  to  diabantite  (2flMif  8uppl,  424) ; 
cilcspar  occurs  only  as  a  secondary  constituent. 

A  diabase  from  the  south-west  foot  of  the  Lion*s  Head,  South  Africa,  has  been 
analysed  by  W.  F.  Hillebrand  (Jahrb,/,  Min,  1874,  460).  It  forms  a  yein  in  the 
decomposed  granite,  and  consists  of  wine-;^ellow  augite-grains,  plagioclase,  magnetic 
iron  ore,  small  quantities  of  chlorite  and  mica,  and  a  green  mineral  distinguished  from 
ehlorite  by  its  ready  solubility  in  hydrochloric  add : 

SiO»  A1«0»       F««)»       FeO         OaO        MgO        KH)       NaH)       H^) 

52-41       1304      9*46      8'36      8'86       3'60       1*23      8*24       1*26  =   100*86. 

The  following  analyses  of  diabases  are  giren  in  B.  y.  Drasche's  petrographic  geo- 
logical observations  on  the  west  coast  of  Spitzbergen : 

1.  Diabase  separated  in  yoluminous  masses,  forming  a  layer  10  meters  thick,  in  the 
triassic  layers  of  the  Tschermak  Mountain  in  the  ice-fjord,  and  consisting  of  augite, 
pUgioclase,  a  chloritic  mineral,  and  titanic  iron  ;  sp.  gr.  »  2*98,  analysed  oy  Teda. 

2.  Diabase  from  the  Goose  Islands  in  the  ice-Qord ;  analysed  by  G.  linostrdm. 

3.  Diabase  from  the  Norway  valley  on  the  headland  of  Saurier-Ho(^  in  the  ice- 
^ord,  likewise  forming  a  thick  layer  in  the  triassic  strata ;  sp.  gr.  b  2*98. 

SiO*       TiO*       A1"0»      Fe»0»       OftO      JigO     Mn"0»    Nft"0      KH)  X« 

(1.)        6017     trace     14*29     17*87     10*72    6*77      —      0*96    018  0-90-100*86 

*■ . ' 

0*13         l*70t  1*42-100 

—      0*4      0*27    0*99  =  100*77 

On  the  Diabases  of  Nassau,  see  Sandberger  {Jahrb,/,  Min,  1874,  314 ;  Jakresb,  /, 
Chem,  1874,  1303). 

On  the  Diabases  of  Connecticut,  see  Hawes  {SiU,  Am,  J,  [3],  ix.  186 ;  Jakresb,/, 
Chcm,  1876,  1272). 

PIAOBTOWA^WAMIwa  or  Dimethyliaoxypropylearbamme,  CH**NO  » 
C*H'.CHOH.CH^G|L|Ts^  ,  is  formed  by  the  action  of  sodium-amalgam  on  an 
alcoholic  solution  of  diacetonamine  (p.  28). 

9ZACBTOWABUVB,  0*Hi*NO.    See  Acetonb-iusbs  (p.  28). 

9XACBTOVZC  AXiCOBOX,  C*H>H)<  »  CH'.CO.CH'.COH  j  ^|  (Heints,  Lieln^* 

Minalen,  clxzyiiL  342).  This  compound  is  formed  by  the  action  of  potassiimi  nitrite 
on  diacetonamine.  To  prepare  it,  add  oxalate  of  diacetonamine  is  dissolyed  in  3  pts. 
of  hot  water,  and,  when  the  solution  has  cooled  to  5^ — whereupon  it  deposits  part  of 
the  salt — solid  potassium  nitrite  is  gradually  added  to  the  mass,  with  constant  stirring. 
The  mixture  is  immersed  in  ice-cold  water  for  several  days,  afterwards  heated  to  50° 
or  60°  ;  the  oily  layer,  which  separates  on  the  surface  and  consists  for  the  most  part 
of  mesityl  oxide,  is  distilled  off  as  completely  as  possible ;  the  remaining  portion  of  it  is 
separated  from  the  aqueous  solution  by  means  of  a  tap-funnel ;  and  the  aqueous  solution, 
neutralised,  if  necessary,  with  potassium  carbonate,  is  shaken  up  with  ether.  The 
ethereal  extract  thus  obtained  yields,  on  treatment  in  the  ordinazy  way,  a  syrupy 
liquid  consisting  of  diacetonic  alcohoL 

This  alcohol  has  a  density  of  0*9306  at  25^  boils  at  163'5°-164*6^  and  mixes 
with  water,  alcohol,  and  ether.  Treated  with  sodium,  it  g^yes  off  hydrogen,  and  yields 
»  sodium- derivative,  convertible  by  treatment  with  acetyl  chloride  into  an  acetyl- 
derivative.  The  alcohol  does  not  unite  with  strong  sulphuric  add,  but  when  treated 
therewith  appean  to  yield  meeilyl  oxide. 

OH— CH«— OHOH— CH» 
BZA&BAVB,  G*H>«0>  -  11  .A  compound  formed  by 

CH—CHOH— CH'—COH 
condensation  of  2  mols.  aldol,  C^HH)',  with  elimination  of  1  moL  water,  under  the 
influence  of  hydrochloric  add.    (See  Aldol,  p.  64.) 

CH— CH«— CHOH— 0H« 


9ZA&BJLVZC  ACZB,  C^WH)*  »  |J  (Wurts,  Covmt. 

CH— CH(OH)— CH«— COOH 
rend,  Ixxxiii.  255,  1269).    This  acid  is  formed  by  heating  an  aqueous  solation  of 
dialdane  with  silver  oxide,  or  b^  the  action  of  potassium  permanganate  at  oidinazy 
temperatures ;  and  is  obtained  m  the  free  state,  either  ficom  its  potassium  salt  by 


tqr  ignition. 

t  This  high  unoont  of  titanic  add  !•  considered  by  Dniohe  m  doabCf oL 
X  Brtimated  l^  dlflertnoti 
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means  of  sulphuric  acid  and  ether,  or  from  the  nlver  salt  hj  hydrogMi  wlphide. 
When  purified  by  repeated  orTstalliiation,  it  forms  large  ooloorleas,  mniiig,  ■ioo»' 
clinic  ciystids ;  melts  at  80^,  and  boils  at  198^  under  a  uxometric  prMSOVS  of  SO  ■■. 
It  is  very  soluble  in  water  and  in  alcohol,  soluble  also  in  ether.  Toa  mqwma  solitiia 
has  a  strong  acid  reaction,  and  saturates  bases  completely.  The  jpokudam  mli, 
0*H*'0*K,  remains,  on  evapoiation  of  its  aqueous  solution,  as  aerystalluie  dslioMieMt 
mass,  and  separates  firom  boiling  alcohol  of  98  per  cent,  in  transparent  CKystau  vfaiek 
become  turbid  on  exposure  to  the  air.  The  aodium  aaU,  C*H"0«Na  (at  125^),  is  aohUe 
in  irater  and  in  aloohol,  and  separates  from  the  latter  in  transparent  platca.  The 
barium  salt  is  an  amorphous  Titreons  mass ;  pulverulent  when  separated  fam  tin 
alcoholic  solution  by  ether.  The  oakium  wit,  (0^**0  ^)*0a»  is  a  czyatalline  Bia, 
veiy  soluble  in  water,  but  not  deliquescent ;  crystallises  from  boiling  alcohol  oo  eooliBt 
in  nodules  of  microscopic  needles  containing  water  of  cirstallisation.  The  tme  mt 
dissolves  easily  in  water  and  in  alcohol,  and  remains,  on  leaving  its  aqueous  soliitiai 
to  evaporate,  as  an  indistinctly  crystalline  mass ;  the  alcoholic  selntaon  leafes  it  oa 
evaporation  as  a  transparent  varnish.  The  lead  salt  is  likewise  soluble.  The  stfnr 
saltf  CH**0'Ag,  is  preciintated  as  a  crystalline  pulp  on  mixing  the  eoneeotiafcad 
solutions  of  the  sodium  salt  and  silver  nitrate.  It  is  nearly  insoluble  in  absobita 
alcohol,  and  crystallises  on  cooling  from  a  boiling  aqueous  somtion  in  tofU  of 
colourless  lamins. 


A  black  diallage,  sp.  gr.  3*366,  from  the  gabbro  of  Monte  Mobwb, 
analysed  by  Q-.  vom  Bath  {ZeUsckr.  geol.  Ges,  xxvii.  871)  was  found  to  eoBteti 
45*88  per  cent.  8iO^  510  A1*0*,  12*62  Fe>0*,  20*30  OaO,  and  13*81  MgO  -  97-71. 

On  the  diallagite-olivine  rock  of  Mohsdorf  in  Saxony,  see  Dathe  {Jdkrb,  f,  Mk, 
1876,  225 ;  Chem  8oo,  Jour.  1876,  ii.  388). 

9XAXiXiTXi-C ASBZiroXi.  (OH*)H}H0H  (M.  Saytze£^  IMi^B  Jnnalm,  dozr. 

129  ;  Ber,  ix.  1600).  This  alcohol  is  formed  by  the  action  of  zinc  on  a  mixture  of  aUji 
iodide  and  ethyl  formate.  The  mixture  must  be  cooled  at  the  oommenoemeat  «f 
the  reaction,  which  is  completed  by  addition  of  water.  The  crude  product  etmmMB  of 
diallyl,  small  quantities  of  a  hiffh-boiling  product,  anddiallyl-carbinoL  The  formatioi 
of  the  latter  may  be  represented  by  the  equation : 

20»H»I  +   2(CH0«.C»H»)  +  Zn  =  (C»H»)»OHOH  +  2C»H»I   +   CO«  +  &a 

Diallyl  carbinol  boils  at  151°  (corr.),  unites  with  bromine,  forming  a  tetrs- 
bromide,  and  with  acetic  anhydride,  proidudng  an  acetic  ether,  whidh  again  IbnM  a 
tetrabromide  convertible  by  silver  acetate  into  the  acetic  ether  of  a  pentatomie  aleohol, 
CrH»'(0.(?H«0)».  This  ether  boils  at  169*50  (corr.),  has  a  sp.  gr.  of  0919  at  0»; 
0*902  at  150°,  and  is  converted  by  saponification  with  alcoholic  hydrochloric  acidialo 

an  anhydride  of  the  corresponding  alcohol,  ^^"l/oHi** 

DiaUyloarhinyl  Chloride  or  Chloranhydride  (monochlorheptine),  CH"G1  ■ 
(CH*)*.CHG1,  is  formed  when  pentachloride  of  phosphorus  acts  on  toe  carbiniQl;  't 
boils  between  140°  and  145°,  but  appears  in  so  doing  to  lose  the  elements  of  fayifae- 
chloric  acid  and  become  partially  converted  into  the  hydrocarbon,  CFID*  (heptone),  or  a 
polymeride  of  higher  boiling  point.  This  hydrocarbon  is  rMbdily  formed,  togetoer  with  iti 
polymerides,  by  the  action  of  alcoholic  potash  on  the  chloride.  It  boila  at  115*,  sad 
readilv  combines  with  6  atoms  of  bromine,  forming  the  compound  C*H'*Bt^,  whiek 
probably  has  the  constitution  OH>Br— GHBr^CHBr— GHBr— CH* — OHBr^-GH%, 
and  may  be  regarded  as  the  hexbromhydrin  of  a  hexatomic  alcohol,  and  by  smtaifab 
treatment  may  possibly  yield  a  homologue  of  maimite. 

On  oxidation  with  potassium  dichromate  and  sulphuric  acid,  diallyl  carbinol  yiaUi 
formic  acid  and  carbon  dioxide ;  no  acetic  acid  is  produced,  and  nothing  else  has  bm 
isolated  from  the  product  of  the  reaction  :  whence  it  follows  that  the  structure  of  tb 
allyl  groups  in  the  carbinol  is  OH^=OH--CiP— ,  and  not  CH«— CH=CH— ,  siDoaii 
the  latter  case  acetic  acid  must  have  been  formed.  Hence,  and  from,  its  modi  rf 
formation,  the  formula  of  the  carbinol  must  be : 

CffznOH— CH»— CH.OH— CH*— OH=:OH». 

qC»H»)H)H 
SXAXiXiTXiOJLAJUO  AOZB,  C>H"0*«  |  (M.  8ayts€(ff;  DmL  Cba 

CO.OH 
Oee,  Ber,  ix.  33 :  lA/^tijfa  Jnnaien,  dxxxv.  183).    The  ethylic  ether  of  thSy  aai  ■ 
produced  by  the  action  of  zinc  on  a  mixturo  of  ethyl  oxalate  and  allyl  iodide : 
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Etkylic  diaUyloxaiate  la  a  colourless  liquid  of  faint  ethezeal  odour,  boiling  at  213*6^. 
Its  sp.  gr.  is  0;9878  at  0^  and  0*9718  at  18^  When  heated  with  caustic  baryta,  it 
is  conyerted  into  barium  diall^lozalate,  from  which  the  free  add  is  obtained  by 
deeomposition  with  sulphuric  acid. 

^  Diallylozalic  acid  crystallises  in  radiated  groups  of  needles,  or  in  long  bundles  of 
microscopic  rectangular  crystals.  It  dissolves  esisily  in  alcohol  and  ether,  sparingly 
in  water ;  melts  at  48*6^,  and  distils  without  decomposition. 

The  barum  salt,  (C«H"0*)*Ba,  crystallises  in  delicate  needles,  which  dissolve 
easily  in  water  and  alcohol.  The  itine  salt,  (0"H"0')*Zn  +  1|HH),  formed  bv  neutral- 
ifliiig  the  add  with  zinc  carbonate,  resembles  the  barium  salt,  llie  lead  salt, 
(CPH"0')?b  -I-  2HH),  crystallises  from  concentrated  solutions  in  stellate  groups  of 
monodinic  czystals.  It  melts  at  100^,  slowly  civing  off  its  water  of  crTstallisation. 
The  fgilcium,  ammonium,  sodium,  and  silver  salts  have  also  been  prepared.  Solutions 
of  the  last  turn  brown,  even  in  the  dark  and  in  a  vacuum. 

Thtrabromodiallylaxalie  aeid,  0"H**BrH)',  is  a  crystalline  substance,  formed  on 
mixing  a  cooled  solution  of  diallylozalio  add  in  ether  with  a  slight  excess  of  bromine. 


liebig  a.  Wohler,  by  the  action  of  reducing  a^nts  on  alloxan 
and  by  that  of  ammonium  hydrosulphide  on  uric  acid  dissolved  in  nitnc  add,  obtained 
a  salt  having  the  compodtion  O^H'(NH^)NK)S  which  they  designated  as  ammonium 
dialurate ;  and  Streckar  obtained  the  corresponding  potassium  salt  by  the  action  of 
potassium  cyanide  on  aqueous  alloxan  (ii.  816).  Acoordbg  to  Menschutkin,  however 
(IMtfs  Annaien,  dxxxii.  70),  these  salts  are  derived  from  salts  of  another  series, 
having,  according  to  analysis,  the  general  formula,  CH^M'N^O**  (M  being  univalent). 
Of  this  latter  series  the  ammonium,  potassium,  sodium,  and  barium  salts  have  been 
examined,  but  their  molecular  constitution  is  not  yet  made  out.  *  Both  series  of  salts 
are  providonally  called  dialurates. 

Ammonium  dialurate  forms  the  startinff  point  for  the  preparation  of  other 
dialurates.  When  prepared  dther  by  Liebig  and  Wohler^s  process  (by  the  action  of 
nitric  add  on  uric  acid  and  subsequent  reduction  of  the  product  by  ammonium 
sulidiide),  or  by  Strecker's  process  (action  of  ammonia  on  alloxan  in  presence  of 
hyorocyanic  acid),  it  crystallises  in  long  needles,  agreeing  approximately  in  com- 
position with  the  formula,  CrH'(NH^)'N^O**.  It  is  very  unstable,  and  when  cnrstallised 
repeatedly  from  hot  water  in  presence  of  ammonium  carbonate,  is  gradually  trans- 
formed into  microscopic  prisms,  which  are  perfectly  constant  in  compodtion,  and  agree 
with  liebig  and  Wohler^s  formula,  CHH*(NH«)NK)\  The  latter  salt  acquires  a  rose- 
red  colour  in  the  air.  It  dissolves  sparindlv  in  boiling  water,  being  immediatdy 
transformed  into  the  salt  (7H*(NH*)*N^0**.  The  solution  gives  by  double  deoompod- 
tion  sidts  of  the  same  series. 

Potassium  dialurate,  CrH'K*N*0**,  obtained  by  mixing  boiling  saturated 
solutions  of  the  ammonium  salt  and  potasdum  acetate,  crystallises  in  small  needles, 
whidh  turn  rose-red  in  the  air.  It  dissolves  very  sparinely  in  boiling  water,  and  is 
completely  decomposed  on  prolonged  boiling  therewith.  By  crystallisation  in  presence 
of  much  potasdum  carbonate  it  is  transformed  into  a  granular  predpitate  having  the 
formula  G^H'ENK)*,  and  identical  with  Strecker*s  nJt.  The  latter,  when  dissolved 
in  boiling  water,  is  immediately  reconverted  into  the  salt  G^'E'NK)**,  in  this  respect 
resembling  the  ammonium  salt. 

Sodium  dialurate,  CH^a^'O**,  is  obtained  in  the  same  way  as  the  potasdum 
salt.  It  crystallises  in  brilliant  white  needles,  which  dissolve  sparinglv  in  boiling 
water,  and  are  completdy  decomposed  on  prolonged  boiling.  The  salt  loses  half  a 
molecule  of  water  at  IZiP,  in  accordance  with  the  equation,  2C'H*Na*N«0i*-HK)a 
G>«H'^a<N*Oi*.    It  does  not  appear  to  be  convertible  into  the  salt  G^H^aNK)^ 

Barium  dialurate,  G'H'BaN^O**,  like  the  sodium  salt,  exists  in  one  form  only. 
It  is  obtained  as  a  white  crystalline  precipitate  by  addii|g  barium  chloride  to  a  dialurate 
of  dther  series.    It  is  nearly  insoluble  in  water. 

Urea  dialurate,  GH^H).O^H^K)^— Whenawarm  aqueous  solution  of  dialoric 
add  (prepared  by  the  action  of  tin  and  hydrochloric  add  on  alloxan)  is  mixed  with 
wna,  and  Idt  at  rest  in  a  dosed  vessd,  stellate  crystals  separate  out,  which,  after 
drying  in  the  exsiccate,  have  the  compodtion  of  ure a  dialurate.  This  compound 
is  sparinffly  soluble  in  water,  has  an  acid  reaction,  and  gives  a  fine  blue  coloration 
with  feme  chloride  and  ammonia.  It  may  be  preserved  without  decompodtion,  but 
when  heated  to  160^  it  gives  off  water  and  turns  red  (£.  Mulder,  DmU,  Chem,  Ges. 
Ber.  vi.  1004). 

U  C«H*(NH*)*.    See  BsimsifB-DKRrvATivBs  (p.  210). 

lOVXO  AOX]>«  C*E\NH')\SO«H),  (p.  228V 
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ACIsa.  C'iI'(NH')'OO0H,  Q>.  373). 


DX&IOIDODZPHBWIC    AOXD,   C"l 

Deut.     Chem.     Gen. 


Ens- 


— C-H*- 


(OO'H : 


The    nK^a-modillaiLion 
;  meUzoxybeiie 


-CO=H 


I 


ill  focmed  fay  boilii 
and  hTdroclilonc 
ocdinnTj  way ;  freed  bom  auaoltaneouslj  formol  amidobenzoie 
with  hot  water,  in  irhich  it  u  but  slightlj  solubla ;  and  forthw  poril 
tolvtion  in  hydrochluna  acid,  diKoiorstioa  with  aoimaJ  obanoil,  and 
tha  deoolurieed  liquid  villi  nmmoDia  and  acetic  add.    It  hut  also 

HK— C»H' 
liailiDg  the  inmeric  compoond  metahTdroxobenzific  acid,      I  , 

HS— CH'— O0»H 
bydrochloric  acid.     For  the  deecriptioti  of  ita  pnip^rlios  and  eonipoands,  wat  f,  ITT. 

OrihodiantidndipAmic  acid  apponri  to  be  formod  in  like  naniur  ti;  tliB  M' 
boiling  hjdrophlonc  iicid  on  orlhobydraiobonioic  ai;id. 

DIAMISOZIAPHTSAKSirB.     See  Niphtsalenk 

I>I&KrDOSra»BOBEHxmB.XIXCAKBOJnC  ACtB(UicbMl«. 
Bcui.  Chcm.  Gee.  Ber.  x.  680-683).     The  Eubatanca  tlius  nuDed  >■  Dbtaimd  I?  Ikf 
BclioQ  of  fmniag  sulpbnric  acid  on  pFtnuDidabeoKoic  ooid  at  1T<I°-190° : 
2C'H'(NH')C00H  +   H'SO'  -^  SHK)   +  C"H'»N. 

Il  dinHilves  easily  in  hot  water,  and  flopatatea  on  cooling  in  tnfta  of  r 
prjBtahi,  which  disBolvo  flparinglj  in  alcohol  and  ether,  Tory  iligbtly  ii 
It  didsolTea  icadily  in  atkolia.  forming  nential,  easily  solnhle  laltd. 

The  ammottiiaa  iiait  cryiitatlisea  in  thin  lomlitae  ;  the  potattium  salt  in  email  u 
The  bariutn  mil  ia  very  freely  Balnble  in  watar.    The  fcod  mil,  obtained  by  pre^itt 
tion,  U  white,  and  nearly  inaolnble  in  wat^r.    The  lilvcr  tall,  C"H"Ag*N'SO»,  ap 

cipitatod  in  smnl!  white  laminfe,  on  adding  silTer  nitrate  to  the  ammoQ* "    ^^^ 

is  insolnble  in  cold  water,  and  emdually  tnna  brown  in  the  light. 

9XAIHII>OXT8trKVHOSBITXXBE.     See  Oztsdlfhobihsiss. 

BXAJUB0T0L1TEVB.    Sue  TotuEX^ 

SZAMSnU).     A  aeries  of  theae  bodies  occurring.  89  secondaiy  prodiKti,  in  t 
manufacture  of  methylasiline,  baa  been  described  by  Hofmann  a.  Maftitu  {IM 
Ckgm.  Gsi.  Ber.  ri.  iib).    One  portion  of  the  baaic  oils  set  &ee  by  lima  frnn  d, 
prodncta  of  the  reaction,  which  takes  place  in  the  autoclaves,  may  be  vcjatilisnd  \ 
steam,  but  another  and  a  coneiderable  portion  cannot  be  thus  volatilisvd.     Tbli  bM 
portion  consists  of  oils  solidi^ng  at  a  low  winter  lempeiBture  la  a  baUatyBN 
which  may  be  freed  &om  adhering  oil  by  presanre  betweea  linen,  and  ajswliH 
from  boiling  nlcobol.    The  cryntats  thos  obtained  are  a  inixtnre  of  dtfibrait  bM 
one  of  which,  in  coneequence  of  its  superior  teadaney  to  crystalliae,  hut  oaiilT 
separated  from  the  rest.     For  thia  pnipoBO,  the  preuad  product  is  diasolTed  in  trfOl 
chloric  acid,  and  the  solution,  sopsrated  fitna  tarry  matters,  is  preeipitaled  iff 
wbereby  a  brown  liquid  is  separated  which  solidifies  aFlei  a  few  seoonds  to  a  • 
line  pulp.    Thia  pulp  is  pressed  and  diseolTed  in  boiling  alcohij,  and  the 
which  separate  on  cooliog  are  purified  by  recrystallisation.    These  cryitals 
83°,  ore  insolnble  in  water,  slightly  soluble  in  cold,  cosily  in  boiling     '    *"*~ 
ether  and  carbon  iiiaulphldo.  The  pnre  crystals,  which  hare  the  comp 
are    well-defined    needles    having   a    splendid    silky  Inslre.      Tie 
C"H"N'.aHBr,  is  very  soluble  in  water.    The  hydnJmmide,  CH^N' 
Uses  in  thin  rhombic  lamtos.    The  if/driodida  forms  large  lamiim. 
ootnpound  is  a  cirstalline  precipitate  having  the  composition  C"H'*N*.2H< 

On  heating  the  base  to   100"  with  methyl  iodide,  a  white  gypsnm-liks 

formed  which  has  Ihe  composition  C'*H*N'.20H*I,  and  is  decomposed  by 

water,  1  mot.  methyl  iodide  being  ^ven  oCT,  and  an  iodide  being  Ion,  which  ojil 
lises  in  white  flattened  oeedlea  having  the  composition  Ci'H"N',CH'I.      Tbisio^ 
dissolves  easily  in  hot  alcohol,  is  precipitated  mm  its  aqueous  solution  by  alkali^i 
is  converted  by  silver  qiide  into  a  strongly  basic  fay  droiyl- com  pound.     "    ' 
C"H"N'  is  therefore  a  tertiary  diamine,  and  it  may  be  represented  by  the 
G"H>(CH')".[(J(CH')']'.  tliftt  is  to  say,  as  beneidine.  C"H\NH'>".  in   whii 
faydrogen-Hloms  of  the  □ouleus,  as  well  as  the  fonr  hydrogen -atoms  of  ihe  ndi 
[C'H*(CH")T\ 
NH',  are  replaced  by  rooliyl.    It  might  also  be  regarded  aa  (S53'  I  ^'  ***] 

is,  na  cotiBisting  o£  1  mola,  at  :i^'i^iia,Q,'av^U^V^W"t>''™'«;i'™^*«.'w\' 
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methylene  group,  GH*,  and  haTinfl  the  two  hydrogen-atonu  of  the  amTiumia-Teridae, 
KH*,  replaced  b^  methyl,  just  as  in  ethylene-dinhenyl-diamine,  [(C«H*)^CH«)H>]Nr', 
2  mols.  of  aniline  may  be  regarded  as  linked  together  by  etiiylene.  The  base, 
C>*N"N',  does,  in  fbct»  exhibit  in  its  chemical  relations  a  very  dose  analogy  to 
ethylenendiamine,  as,  for  example,  in  its  power  of  uniting  with  1  mol.  of  methyl  iodide. 

AeHon  of  Nitrous  aeid  on  Diamines  (Ladenbnrg,  Diut,  Chem,  Get,  Ber.  ix.  219). — 
The  diamines  of  the  meta-series  are  converted  by  nitrons  add  into  amidaso-compoonds. 
Thus,  ordinal^  diamidobenzene  or  meta-phenylene-diamine,  0* JSTH'.HJ^H'.H',  is  eon- 
Tarted  into  tnamidasobeniene  (phenylene-brown),  and  similar  compounds  are  obtained 
frompara-ortho^amido-tolnene,  O^.OH'.NH'.H.NH'.H',  and  nitropara-ortho-diamido- 
tcluene.    (See  Ajodotolitsnbs  under  TuLUBxa.) 

The  diamines  of  the  ortho-series  behaye  quite  differently.  When  para-meta- 
diamidotoluene,  C*.CH*.H.NH*.NH*.H«,  melting  at  89^  is  dissolved  in  dilute  sulphurio 
add,  potassium  nitrate  added  drop  by  drop  to  the  cooled  solution,  and  the  liquid 

then  boiled,  amidasotoluene,  CHW-         \C*H^IL  is   formed,  cxystallidng 

firom  hot  toluene  in  large  transparent  prisms  melting  at  88^  and  boiling  at  823^. 
Orthodiamidobensene  Qn.  p.  99^)  yields  in  like  manner  amidaaophenylene, 

in  pearly  needles  mdting  at  98*6°. 

A  third  body  belonging  to  this  group  is  nitramidasophenylene  (axonitzo- 
phenylie  add),  C"H\NO^N'  (iv.  484),  obtained  by  the  action  of  nitrous  add  on  nitre- 
phenylene-diamine. 

See  CARBOir  (p.  402). 

CH«.CH».OH(CH«)« 


C*H*N*,  or         V^^'^^'v  ll>  ^^ch  crystallises  fieom  a  mixture  of  bemsene  and  toluene 


orBI-MOFWmnt,  C«H«-I  This    hydro- 

CH«.OH«.CH(OHn» 

carbon,  which  was  first  obtained  by  Frankland  by  the  action  of  sine-amalgam  on 
amyl-iodide,  afterwards  by  Wurts,  by  heating  the  same  iodide  with  sodium,  has  recently 
been  further  studied  by  Orimshaw  (Chem.  She.  Jowr,  1877t  ii«  260,  687),  who  prepares 
it  by  gradually  mixing  amyl  bromide  ^0  S^ms)  with  sodium  ^50  grams),  and  heating 
tiie  mixture  for  six  hours  to  140^-160^.  The  product,  pnrifiea  by  fractional  distilla- 
tion, boils  at  168°  under  a  barometric  pressure  of  761  mm.  (Frankland's  product 
boiled  at  166° ;  Wurta's  at  168°.) 

Ohlorine  passed  into  boiling  oiamyl  forms  a  chloride  boiling  at  198**-218°,  and, 
by  heating  this  chloride  to  160°-170°  with  lead  acetate  and  acetic  add,  an  acetate 
is  obtained  in  the  form  ci  a  colourless  mobile  liquid  haying  a  pleasant  fruity  odour, 
and  boiling  at  198°-216°.  On  mixing  the  acetate  with  excess  of  causUc  potash  and  a 
little  water,  leayiog  the  mixture  to  itself  for  twenty-four  hours,  and  then  heating  it  to 
boiling  for  six  hours  in  a  reflux  apparatus,  two  alcohols  are  produced,  one  of  which 
boils  at  202°~208°,  the  other  at  211°-213°.  Both  are  liquids  haying  a  fednt  colour 
and  a  pleasant  odour.  On  heating  a  mixture  of  the  two  alcohols  with  potassium 
diohromate  and  dilute  sulnhuric  acid,  and  distilling  the  product,  a  watery  and  an  oily 
distillate  were  obtained,  tne  former  containing  acetic  aad,  and  the  latter  yielding,  by 
farther  oxidation  and  diitillation,  an  add  iniose  silyer  salt  was  found  to  contain 
63*66  per  cent,  nlyer ;  apparently,  therefore,  a  mixture  of  acetate  (64*66  per  cent  Ag) 
and  y^erate  (61*67  per  cent) 

BZAMTXKMkmBOBaMSOWZO  AOZB,  C*^*>0'.  An  acid,  the  potasdum  salt 
of  which  is  formed  by  heating  deoxybensoin  with  a  solution  of  potash  in  amyl  alcohol 
(p.  628). 

BZAICTZJnnif  0*H**.  When  ordinary  amylene  or  trimetlrrl-ethylene  (b^.  36°) 
raepared  by  dehydration  of  tertiary  amyl  alcohol,  [OH*— OH*— GOH(CH*)*  - 
&0-I-CH*— OH=0(CH*)^,  is  briskly  a^tated  in  a  glass  tube  with  moderately  strong 
sulphuric  add  (sp.  gr.  1*64)  the  tube  being  well  cooled,  it  is  converted  into  a  diamy- 
lene,  which  boils  at  164^-166°,  and  appears  from  its  oxidation-products — acetic  acid, 
carbon  dioxide,  and  diamylene  oxide — to  be  identical  with  orunaxy  diamylene  (2ai 
Sumd,  64),  (Wichnegradsky,  DetU*  Chem,  Qt$,  Ber.  yiii.  484). 

The  structure  of  ordinary  diamylene  may  therefore  be  represented  by  the  formula 

(CH»)K3— CH— CH« 
CH»)«C— CH— CH» 
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OP 

C»H>«NK)»0'H*(OHXO*H*N)>,  is  fimned  hj  heating  dichloihydfiii  (1  moL)  wiOi 
ezeess  of  aniline  (4  mols.)  to  120^^130^  for  sixteen  to  twenty  honxs.  It  eryitalliai 
in  white  needles  solnble  in  dilnte  acids.  The  solntions  deoompo0e  when  heated,  cr 
after  long  standing.  The  platmoohhrids  forms  fine  yellow-red  cxystab  (Clais  a. 
Dorrenberg,  DetU,  Ckem,  OSt,  Ber,  yiii.  242). 

See  MoBPHmB. 

See  BiuBBT  (p.  882). 

SeeMBLAMIMB. 

;0  AOIB.    See  Thbsbic  Acid. 


The  view  generally  entertained  of  the  oonstittttaoBof 
these  compounds,  is  that  proposed  by  Kekul^  {Ist  Suppl.  209),  according  to  which  thcj 
all  contain  the  diazo-group  — N=N — ,  united  on  the  one  side  with  the  nsifalMt 
benzene-residue  C^*,  and  on  the  other  side  with  another  univalent  group ;  thus, 


Diazobenzene  Nitrate 
Diazobenzene  Sulphate 
Diazobenzene  Chloride 
Diazobenzene  Bromide 
Diazobenzene-potassium 
Diazobenzene-silyer  . 
Diaso-amidobenzene  . 
Free  Diazobenzene     . 


C«H»— N=N— NO* 
Cra»— N=:N— SO«H 
C^H»— N=N— CI 
C«H»— N=N--Br 
C«H»— N=N— OK 
C«H»— N=N— O^ 
C«H»— N=N--NlC-C«» 
C«H»— NzzN— OH  ? 


Another  yiew,  originally  suggested  l^  Strecker  (Deut,  Ckem.  Ges.  Ber,  It.  786),  lad 
ftirther  developed  by  £rlenmeyor  (wd,  vii.  1110),  represents  them 
compounds  constituted  according  to  the  general  formula, 

B— N— R' 


ly 


diazobenzene  nitrate,  for  example,  being  related  to  aniline  nitrate  (amidobeaieM 
nitrate)  in  the  following  manner: 

C^H*— N— O.NO*  C«H»— N— O.NO» 

i  IP 

that  is  to  say,  the  reaction  of  nitrous  add  on  aniline  nitrate  consists  in  the  replasB- 
ment  of  8  hydrogen-atoms  in  the  phenyl-ammonium  g^up  by  1  atom  of  nittQ^sn,  tbe 
nitric  acid  residue  as  well  as  the  phenyl  remaining  united  with  qoinquiTaleiitnitiqgn- 
atoms  of  phenyl-ammonium. 

Pree  diazobenzene  is  either  an  ammonium  hydroxide  or  its  anhydride ;  thus, 

C«H»— N— OH  C"H»— N— O— N— C"H» 

Hydroxide.  Anhydride. 

The  compounds  of  diazobenzene  with  metals,  potassium  for  example,  and  diaio-aBid»- 
benzene,  may  be  represented  respectively  by  the  formulae : 

C«H»— N— OK  C«H*— N— N<IL» 

while  the  perbromide  and  diazobenzenimide  may  be  represented  as  follows  : 

C«H»— N— Br  C«H»— Nv 

Fertownide.  Diazobensenlmide. 

For  Griess's  formulse  of  the  diazo-amido  compounds,  see  p.  216. 

See  Anthbaqvimonb  (p.  98). 
See  2nd  SuppL  p.  932. 

nnniBirLVBomc  a.oii».      Sm 

TOLUXKB-SUIfHOVlC  AciUB. 
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rO&v  C*H^NH).  This  compoimd  is  formed,  together  with  the  two 
crrstallised  mononitro^enols,  when  gaseous  nitrogen  trioxide  is  passed  into  an 
otneieal  solution  of  phenoL  The  reaction  may  be  represented  by  the  ibllowinic 
equations : 

C^».OH  +  2NK)«  -  0»H«N«0  +  H*0  +  N»0» 
and  2(Cra».0H)  +  N«0»  -  2(C«H«.N0«.0H)  +  H»0 

The  diasophenol  separates  in  the  form  of  a  well  crystallised  nitrate  (WeseLdgr,  Wten, 
Akad.  B$r,  1876,  p.  9). 

BXJLXOFMJUi  WMfUmUtWUMKO  AOID.    See  Phhutl-sulfeueio  AoiD. 

^B,  NH(Oai*0)*.    See  BaxiAiODB. 

lVXO  AOIB.    See  AxTHRAFLiLTio  Acid  (2nd 
Suppl,  88). 

DlBMMITIrBEllZBIIB  (p.  689). 

rzozo  AOZB.    See  BnTSOTL-BmnEOxc  Acid  (p.  2)12). 

See  CoDRiirs  under  Ofiitx-basbs. 
»MTSO&B«    See  Naprteols. 
•V&VOXasoaZV.    See  FLuoBXdcmir. 

C«H»— CH« 


QiiQu^  j      .    This  hydrocarbon  should  be  formed  by 

"  ^»— or 


heating  barium  phenylacetate  (a-toluate),  (CTH'GO^'Ba,  with  sulphur,  acooiding  to 
the  equation : 

|;^3^|Ba  +  S  -  BaS  +  2C0«  +  R-R, 

which,  as  Badziszewski  has  shown  {J>mU,  Chrnn,  Qes,  Ser.  tiL  148),  represents  in 
general  the  action  of  sulphur  on  the  barium  salts  of  aromatic  adds.  According  to 
the  same  chemist,  howerer  (ibid*  Tiii.  758),  the  ^rdrocarbon  formed  in  the  case  under 
consideration,  is  not  dibenz^l  but  stilbene,  C^H",  the  reaction  being  attended  with 
erolution  of  hydrogen  sulphide  as  well  as  carbon  dioxide ;  thus : 


[•_CH«— CO^  CH*— OH 

fBa  +  23  «  11      +  BaS  -I-   2G0<  +  H« 

[»— CH«— 00»'  0»H»— OH 


This  result  is  doubtless  to  be  attributed  to  the  action  of  sulphur  at  high  temperatniee 
on  the  dibenzyl  formed  in  the  first  instance. 

Dibensyl  is  formed,  toother  with  bensaldehyde,  deozybensofn  and  water,  by 
subjecting  benzoSn  to  distillation,  or  passing  its  Tapour  through  a  red-hot  tube 
^inin,  D^ut,  Chem,  Qe$,  Ber,  vi.  489).  It  is  abo  formed  by  heating  tolane, 
0>*H*%  with  hydriodic  acid  and  red  phosphorus  (Barbier,  Com^t,  rend,  Isnriii. 
1772> 

OryitaUine  Form, — Dibensyl  crystallises  in  monodinie  prisms  haying  the  follow* 
ing  axial  ratio : 

a  (dinod.)    :    b  (orthod.)    :    e  (prindpal  axis) 
1*27026      :  1  :  1*91688 

Anglea:o»101'>32'60'. 
Combination :    ooP  .  —Poo  .Poo  .  OP  .  P(oo  ).       Anglo :     —Poo  :  ooP  « 122®  60*. 
Poo  :  ooP=120'»6';  —Poo  :Poo=113«  20*;   ooP  :  ooP«102°  26'.    Twins  occur, 
haying  the  posidye  hemidome  for  twin-  and  combination-plane  (G.  yom  Rath,  Dent. 
Chem,  Ot$.  Ber,  y.  622). 

Decan^potUione, — 1.  By  Heat,  Dibenzyl,  when  heated,  is  completely  resolyed  into 
stilbene  and  toluene,  2C*«H*«  -  0*«H"  +  20'H*  (Barbier,  (hmpt.  rend.  IxzyiiL 
1769). 

2.  By  Oxidation, — ^Dibenzyl  is  much  less  easily  oxidised  than  the  other  hydro- 
carbons of  Uie  aromatic  ^up.  Stelling  a.  Fittig  indeed  regarded  it  as  unoxidisable 
(lAebi^s  Annalen,  cxxxyii.  267) ;  and  Zincke,  by  boiling  it  for  a  long  time  with  potas- 
sium dichromate  and  sulphurio  add,  obtained  only  small  quantities  of  benzoic  add. 
W.  Leppert,  howeyer  (jSeut,  Chem.  Oee,  Ber.  ix.  14),  finds  that  when  a  solution  of 
dibenzyl  in  glacial  acetic  acid  is  treated  with  chromic  add,  yezy  considerable  oxidation 
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takes  place,  the  whole  mass  qxiieUy  turning  green ;  the  oompUCe  aricbtioB  of  tht 
dibenzyl,  however,  requires  a  long  time. 

The  prtKlnct  of  this  oxidation  is  benzoic  acid,  withont  preriooB  fozmaticm  oCdsosyb 
benzom  or  benzile,  which,  according  to  Radzissewski,  may  be  regaxded  as  intetnedittt 
products  of  the  oxidation  of  dibmiqrl  (2nd  8uppl.  176).  Hence  it  must  be  iateed 
that  in  the  oxidation  of  dibenzvl,  Cw*— CH*— CSBP— (7H*,  the  mdeeiilA  is  int  split 
in  halyes,  and  the  CH*  in  eadi  half  is  then  oxidised  to  GOOH. 

Constitution  of  Dibens^hderwaHves. — ^Dibromodibensyl,  C'*H''!Bi' (t.  871), 
treated  with  chromic  add  mixture,  is  oxidised  to  parabromobenaoie  add ;  it  miistthcf»> 
fore  contain  1  atom  of  bromine  in  each  of  ite  beiuBene  nudei,  this  ~ 


Br 


pying  the  para-poeition  relatiyely  to  the  CH' group 


H^o— 


Br 


Dinitrodibensyl,  C*^^X^O*)*.  Of  this  compound  there  are  two  modiflestMB^ 
one  melting,  according  to  Stelling  a.  Fittig  (t.  871^  At  166^-167^,  the  other  ealkd 
isodinitrobeneylt  at  74^-76^.  According  to  Leppert  (DmU,  Ckem,  Oe$,  Btr,  iz.  14), 
the  former,  when  purified  by  repeated  crystallisation  from  alcohol^  forma  loaig,  hsaiy, 
white  needles  melting  at  178^. 

Both  modifications,  when  dissolyed  in  gladal  acetic  add  and  oxidiied  by  ehnaie 
acid,  yield  paranitrobenzoic  add  as  sole  product  of  oxidation,  but  the  quanti^  of  thk 
add  obtained  from  isodinitrodibenzyl  is  Teiy  much  smaller  than  that  'vraiehiaobtaiBfld 
by  oxidation  of  the  other  modification.  Hence  it  appears  moat  probable  that  SaaSat^ 
dibenzyl  is  constituted  like  dibromodibenzyl,  having  a  nitro-group  in  each  baoMe- 
nucleus  occupying  the  para-position  relatively  to  the  GH*  groups  and  that  in  isodiBitro- 
dibenzyl,  one  of  the  nuclei  has  its  side  chains  arranged  in  the  same  manner,  iddk  is 
the  other,  the  NO'  and  GH*  are  relativdy  in  the  ortho-position:  thus 


NO* 


NO* 


/\      /\ 


■CH« 


Dinltrodlbeiuqrl. 


N0« 


H-C- 


/\ 


— CH* 


NO* 


iMdinitrodflMu^yL 


JnstMif  a 


The  oxidation  of  this  latter  modification  would  then  yield  in  the  first  ii 
tare  of  para-  and  ortho-nitrobenfeoic  acids,  and,  taking  into  account  the 
instabihty  of  many  ortho-derivatives  of  benzene,  it  may  be  supposed  that  the 
nitrobenzoic  add  undergoes  farther  oxidation. 

JDiamido  and  Itodiamidodibeneyl  are  similar  in  constitution  to  the  two  nitzo^sB- 
vatives  (Leppert). 

Dihydroxydibenzyl,  G"H"0«=C«H*(0H).0H«.CH«.C^«(OH).  U  fboMd, 
together  with  paiaoxybenzoic  add,  by  prolonged  fusion  of  dibenzyl-disnlphonie  add 
with  potash  (p.  332).  It  forms  white  shining  laminae,  nearly  insoluble  m  eoU,  hA 
easily  soluble  in  boiling  water  (Eade,  Deut,  (^em.  Get,  Ber,  ^.  289). 


BZBSXXT&-AOBTXO  ACttB,  GH(GH*.G«H*)«-<IO*H.    See  BnaEZi/-ACBK 

Acids  (p.  817). 


OH*.GO.O(GH>.G*H')>— GO.OG^H*,  formed  by  the  acdon  of  bensyl  chloride  on  thr 
sodium  derivative  of  ethylic  benzylacetoacetate,  GH*.GO.GNa(GH*.0*H*) — OO.OOV 
(p.  317),  is  a  viscid  oil  which  decomposes  when  distilled  (£hrlich,  J>mi,  Ckm,  GtL 
Ber,  viii.  1086). 

C«»H»-C«HXC»H0«=O«H<ggi;;:g^    iHrnkt, 


^CH*— C«H» 

Deut.  Chem,  Gea,  Ber,  vL  119 ;  ix.  31).    Two  modifications,  a  and  /3,  of  this  hyftto- 
carbon  are  formed,  together  with  monobenzylbenzene,  0*H*^GH^— CH*,  ordiphflB{jl- 
methane,  when  benzyl  chloride  is  heated  with  benzene  anddno  powder.   TTie  diphonyl 
methane  constitutes  the  lower-boiling  portion  of  the  product,  and  after  it  has 
over,  the  temperature  quickly  rises  beyond  the  range  of  the  merenrial  * 
and  an  oUy  liquid  diatila  over  which  soon  solidifies  to  a  ciystalline  polp. 
The  solid  portion  of  \i)ki\a  ^i^WswXa  ^tvsvs^  ^c^^^  ^1  ^^  \:^t^  ^^ 
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The  o-modifSeatioo  eryBtallises  from  dilnta  alcohol  in  laige  tzantparait  lamiiuB  or 
oblique  plates,  melting  at  86^  and  eolidi^ng  again  at  78°.  When  alowly  cooled  it 
remains  amorphone  and  transparent,  but  becomes  crystalline  at  once  on  touching  and 
heating  it  gently.  It  is  not  yeiy  soluble  in  ether,  but  dissolres  readily  in  benzene,  chloro- 
form, and  carbon  sulphide.  The  ^-modification  dissolves  more  readily  in  ether  and  the 
other  aolrents,  and  crystallises  from  hot  alcohol  in  thin,  lon^,  flat,  silky  needles,  melting 
at  799  and  soUdilying  at  68°.  When  cooled  down  slowly,  it  behaTee  like  its  isomeride. 
Keither  of  the  two  combines  with  picric  acid,  but  the  two  combine  together,  erystal- 
liaing  from  alcohol  in  hard,  brilliant,  acicular  prisms,  melting  at  88°-84^*  This  oom- 
IKJund,  or  perhaps  isomorphous  mixture,  is  not  decomposed  py  reezystallisation  from 
aloc^cj,  and  can  be  resoWed  in  its  constituents  only  by  rented  treatment  with  ether. 
The  two  dibensyl-bensenes  are  converted  by  oaodation  with  chromic  add  and 
aoetae  acid,  or  with  potassium  chromate  and  sulphtiric  acid,  into  bodies  having  the 
oompontion  (PH^K)*,  the  oxidation  taking  place  in  such  a  manner  that  the  two  CH' 
groups  in  the  molecule  are  converted  into  CO  groups,  Uie  product  being  a  mixture  of 
two  isomeric  double  ketones,  or  dibensoyl-bensenes: 

OiH»— CO— C^*— CO— C?>H». 

Together  with  these  ketones,  there  are  formed  small  but  distinctly  recognisable 
quantities  of  para- and  ortho-bensoyl-benzoic  acids  (p.  810),  the  a-modifica- 
tions  of  dibenzyl-benzene  yielding  the  para,  and  the  /3-modification  tne  ortho-bensoyl- 
benioic  add : 

The  fbrmer  is  therefore  the  1 :  4,  and  the  latter  the  1  :  2  modification  of  dibenzyl- 
bensene. 

(a)    0»(CH».C"H»).H.H.(CH«.C»H»).H.H. 
O)    C^CH«.C«H*XCH«.C^»).H.H.H.H. 

aorpara-dibensyl-benzene  is  also  produced,  according  to  Baeyer(7Vii<.  Chem.  Ge», 
Ber.  vi.  220),  together  with  monobenrj^l-benzene,  by  the  action  of  sulphuric  add  on 
a  mixture  of  bensene  and  methylal.  Baeyer  did  not  actually  observe  tne  formation  of 
the  /3-modificstion,  but  he  obtained  large  spicular  crystals  probaUj  identical  wiUi 
those  above  described  as  consisting  of  a  mixture  of  the  two  modifications. 

a-Dibensoyl-benseneyCH^^O*,  is  best  obtained  l^  oxidation  with  chromic 
and  acetic  adds,  the  ^eld  being  about  80-90  per  cent,  of  the  calculated  quantity ; 
eanly  also  b^  the  action  of  nitric  add  ^Wehren,  Diut,  Ckmn,  Qt$,  Ber,  ix.  809).  It 
is  insoluble  in  water,  slightly  soluble  m  cold,  easily  in  hot  alcohol,  uid  separates 
therefrom  on  cooling  in  flat  sinning  needles  or  laminn.  From  ether,  in  which  it  is 
also  but  sparingly  soluble,  it  separates  in  laige  prismatic  needles.  In  chloroform  and 
gladal  acetic  add  it  dissolves  more  freely,  separates  from  chloroform  in  luge  wedge- 
shaped  pointed  cxTstals,  from  hot  gladal  aoenc  add  in  brood  shining  needles.  It  mdts 
at  169°-«I60*',  and  decomposes  at  higher  temperatures,  emitting  an  odour  of  diphenyL 

/l-Dibensoyl-bensene  is  prepared  like  the  o-compound,  but  the  yield  is  much 
■msJler,  a  large  portion  of  the  dibenzyl-bensene  being  decomposed,  with  evolution  of 
carbon  dioxide.  It  is  more  soluble  in  the  above-mentioned  solvents  than  the  a-modi- 
flcation,  and  exhibits  f^reater  tendency  to  crystallise.  From  alcohol,  ether,  or 
chloroform,  it  separates  in  laige  rectangular  plates,  having  a  flunt  yellow  colour,  and 
grouped  like  steps.  It  melts  at  146''-146°,  and  does  not  volatilise  without  decom- 
position (Zincke). 

a.  Dibenshydryl-benzene, 

C»H"0«  =.  C^»— CH(OH)— C«H*— CH(OH)— 0^», 

is  an  alcoholic  compound  obtained  by  the  action  of  sodium  amalgam  and  alcohol  on 
flkdibouEoyl-benzene.  It  crystallises  from  alcohol  in  glistening  ne^es,  melts  at  171°, 
dissolves  readily  in  ether,  chloroform,  and  benzene,  bsA  is  reconverted  by  chromic  acid 
into  ondibenzoyl  benzene.  Hgited  to  160°-160°  with  acetic  anhydride^  it  is  converted  into 
the  diacetate,  C*H*'(OC*HK))',  which  oystallises  in  souare  plates,  melting  at  113°-^ 
114°,  and  dissolving  easily  in  hot,  less  easily  in  cold  aloobol,  ewer,  and  glacial  acetic 

( OH 
add.    The  monoaoetaie,  ^^**  ]  o/nfQsov  P'^^^  ^7  lifting   the  alcohol   with 

^^adal  acetic  acid,  fonns  noaiUar  groups  of  crystals  melting  at  94°-97°.  The 
dibmuoate  also  forms  nodules  melting  at  186°-186°  (Wehren,  he.  cU.) 

The  correspoodiog  MraaJOaride,  0>*H>«Cl«aC^*.0Cl*.0«H\OCl*.C«H*,  is  easily 
formed  by  treating  o-dibenzoyl-benzene  with  phosphorus  pentachloride.  The  action 
takes  place  quietly  at  160*^,  and  the  resulting  xetonie  chloride  crystallises  easily  from 
ether  free  from  water  and  alcohol,  in  tabular  czystals,  apparently  monodinie,  having  a 
vhreous  lustre,  and  mdtin^  at  91°-92°.  It  is  very  unstable,  and  is  reconverted  into 
^benzoyl-bensene  by  warming  with  water,  alcohol,  and  glacial  acetic  add  (Wehren). 
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0.  Dibenzoyl- benzene,  treated  with  sodinm-amalgam  or  with  i^iofpliom  ptntt- 
chloride,  does  not  yield  definite  prodnctB. 

era*— OH— 00«H 

*-CH- 


imont  {DeiU,  Ckem,  Oes,  Ber,  t.  1048)  obtained  this  add  in  attemptiiig  to  pnftzt 
phenyimalonio  acid  firom  phenylacetic  ^a-toloic)  add.  This  phenylatsd  add  haatcd 
with  biomine  yields  jphenvlbromacetic  acid,  the  ethylic  ether  of  whidi,  heated  in  lealed 
tubea  in  a  water-bath  with  alcoholic  potassium  cyanide,  vieldj  poCaasiiim  faianiide  tad 
a  slightly  coloured  liquid,  which,  when  heated  with  potaao,  gitea  off  large  qnanritist  of 
ammonia ;  and  on  evaporating  this  solution  to  dryness,  after  piolonged  nwilan^  sad 
treating  the  residue  with  excess  of  hydrochloric  add,  a  mixture  of  gaaea  ameHnig  of 
hydrocyanic  add  is  evolved,  and  an  add  is  predpitated,  which,  when  ayatallised  mm 
boiling  water,  and  then  from  hydrochloric  acid,  in  which  it  is  much  more  aoluUit  bsi 
the  composition  G"H'0',  or  rather  C**H**0\  Its  fonnation  firom  phanylbEomiieitie 
add  may  be  represented  by  the  equation : 

C«H*— CHBr— CO«H)  0«H»— CH— CO«H 

0«H*— C5HB^-C0«H)  C*H*— CH— 00*H 

PhenylbRanftoetio  add  DUxnivl-diOKbOBlo 

CZmolB.)  aoid. 

The  bibasic  nature  of  this  add  is  confirmed  by  the  compodtioii  of  its  haziiiBi  and  ahcr 
salts,  and  by  the  existence  of  a  monethyUc  eUier. 

Benz^l-oicarbonic  add  czystaUises  from  dilute  hydrochloric  add  with  1  moleeole  of 
water ;  from  benzene  in  small  shining  crystals,  which  soon  become  dulL  The  acid 
crystallised  from  hydrochloric  add  melts  at  1 82^,  then  soUdifles,  and  afterwards  rndti 
at  222** :  the  acid  ciystallised  firom  benzene  mdti  at  169^-170°,  then  aolidifiei^  asd 
afterwards  melts  at  222°.  MonethyUc  dibenzyl-dicarbonate  erystallises  from  ethw, 
and  mdts  at  140°. 

Oaldum  dibenzyl-dicarbonate,  distilled  with  excess  of  quicklime,  yieLda  a  eiyitaUiM 
distillate,  which,  by  repeated  pressing  and  recrystallisation  from  alcohol,  ia  resoM 
into  dibenzvl,  C'^H^^  (m.  p.  SI""),  andstilbene^  0^«H»(mp.  118°),  the  latter beiiY 
formed  from  dibenzyl  by  the  action  of  heat. 

By  heating  ethylic  phenylbromacetate  with  potassium  monoanlphide,  a  wall  oyi- 
tallised  sulphuretted  acid  is  obtained,  which  appears  to  have  the  oonstdtution  natt- 

cra»-^— CO«H 

sented  by  the  formula        S^ 

]>IBnZ¥X-]>Z8inUPBOJno  A0Z]>.     See  BamETL-suLFKoino  Acass  (p. 

322). 

BIBBHSVJi-VXiirOXaBOBZV.    See  Fluobbscbin. 

]>Z8»nTXi  unova,  C»H'«0  ^  C)0^^^|^| .    Thia  ketone,  ozidiaed  by 

chromic  acid  mixture,  yields,  not  phenyl-acetic  add,  but  its  prodncta  of  Ofvlikrioa, 
benzoic  and  acetic  adds. 

Liquid  dibenzyl  ketone  crystallises  on  addition  of  sodium  bisulphite ;  the  eiyifidik 
however,  condst  not  of  a  double  salt,  but  of  pure  dibenzyl  ketone  melting  at  W^  uA. 
boiling  at  320°-821°  (Popoff,  Dmt,  Chem,  Qea,  Ber.  vi.  660). 

BZanraTA-BDiTBAWB,  C»H>*»CH^GH>.Cra*)*,  ia  formedt  together  iritk 
dibenzyl-phorohonic  add,  C^^H^TO*,  by  heating  dibeni^l  ketone  to  180°  wi& 
hydriodic  acid  and  amorphous  phosphoros.  The  crude  visdd  pzodnet  aolidifini^  ca 
addition  of  caustic  soda,  to  a  crystalline  pulp  firom  which  the  hydrocarbon  may  be  tt< 
tracted  by  ether.  Dibenzyl-methane  bous  for  the  most  part  between  290^  and  Wf, 
and  does  not  solidify  in  a  fireedng  mixture  (Graebe^  Ber,  vii.  1628). 

]>IBB«XT&-»a08VBZVB,  FHCCHO^    See  Phosfhiiibb  {2md  Stg^pL  W^ 
BXBBVnX-VHOBVHOVZO  AOZB.  G>*H*'PO«  -  G**H».PO(OB[]p.   TUsadd. 

which  forms  about  two-thirds  of  the  crude  product  obtained  by  heamg  dibsnjl 
ketone  with  hydriodic  add  and  red  phosphorus,  appears  to  be  related  to  diha- 
zylmethane  in  the  same  manner  as  phenyl-phosphonic  or  phoaphenyliB  adi 
C'H*.PO(OH)*,  to  benzene ;  when  heated  with  soda-lime,  however,  it  yields  aearai^ 
anything  but  toluene.  It  is  moderately  soluble  in  hot  water,  sparingly  in  eold  wit«; 
easily  in  alcohol  and  ether ;  crystallises  in  large  thick  needles,  and  melta  at  14^ 
(Graebe). 

BZBBrarb-T«T»AJnnb»BOJno  AOXB,  C>«H>^(SO*H)«.     The  potann 
salt  of  this  add,  C^«B>\^WLY'V^UH^/\a  ^Sti^x^voMlVi^  vmii^^ssaacjais^oiL 


DICONIC  ACID.  641 

ting  the  Bolntion  of  the  crude  dibenzyl-disalphonate  (p.  322),  separating  at  the  com- 
mencement  of  the  evaporation  in  small  reddish  nodnles. 

See  BmmDni  (p.  163). 

See  Phosfhines  (2nd  SuppL  955). 

CS(NH.C«H*CO«H)«.     See   Thio- 
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I.    See  Aldbktdb  (p.  63). 

!C1' 
QQ.     On  the  preparation  of  this  compound,  its 

oxidation  by  chromic  add,  and  its  reaction  with  ammonia,  see  2nd  StMpl,  317-319. 
Amline  heated  with  dichlorhydrin  forms  dianiline-hydrin,  C^'H\0'R^O,  a  com* 
pound  analogous  to  diamidohydrin  (see  p.  635). 

When  dichlorhydrin  is  dropped  npon  phoi^horic  anhydride,  an  energetic  action 
takes  place,  and  allylene  dichloride  is  formed  by  abstraction  of  water:  C"H*G1K)H — 
H*0  =  C»H*C1»  (see  Axltlhwb,  p.  62). 

BZOBXiOmoO&TOZBB,  C*R*Cl^  -  CH^=CC1— CH*a.  This  oomponjid, 
formed  by  heating  trichlorhydrin  with  solid  potash  or  soda  (ii.  899),  boils  between 
94^  and  95^,  and  has  a  sp.  gr.  of  1*21.  When  heated  with  an  alcoholic  solution  of 
pure  potassium  cyanide,  it  appears  to  form  in  the  first  instance  a  mixture  of  chloro- 

cyanoglycide,  CTH*<^^,  and  dicyanoglycide,  (?H«(CN)«.    The  latter,  how- 

OTer,  immediately  takes  up  the  elements  of  hydrogen  cyanide,  and  is  converted  into 
glyceryl  tricyanide  or  tricyanhydrin,  G'HXCN)':  for  the  product  when  boiled 
with  potash  yields  a  mixture  of  ozycrotonic  add  and  tricarballylic  add : 

0»H«C1(CN)  +   3H«0  «  NH»  +  HG  +   C«HXOH).CO«H 

Oxycrotonic  add. 

C»H»(CN)«  +   6HH)  -  3NH»  +  C»H»(CO«H)» 

TMcarbaUyllo 
add. 

The  cyanides  cannot  be  separated,  as  they  decompose  when  heated ;  but  the  acids  are 
non- volatile,  and  dissolve  easily  in  ether  and  in  alcohol ;  ozycrotonic  acid  gives  an 
amorphous  soluble  lead  salt,  and  tricarballylic  acid  an  insoluble  lead  salt,  whereby 
the  two  may  be  separated  (A.  Clans,  Liehi^s  Annalen,  dxx.  126). 

PIomHH It  UBOm  AMTO  AOZB,  N(0"H'0)*HO.    See  HTDBOXTLAxnra. 

BZOZTBZO  AOZB.  According  to  IVanchimont  (Deitt.  Chem.  Qea.  Ber,  vii. 
216),  the  syrupy  acid  which  Hergt  obtained  by^  heating  citric  add  with  hydrochloric 
add  (p.  609),  consists  of  a  dicitric  acid  mixed  with  citric  add.  The  citric  acid  obtained 
from  It  is  said  to  differ  horn  ordinary  citric  add  in  the  character  of  its  crystals. 

]>ZOO]>Bm>    See  Codeikk,  under  Opium-basbs. 


BZCOVZC  ACZB,  OWO*  (O.  Hergt,  J.  pr,  Chem.  [2J,  viii.  372).  This  acid  is 
formed  by  the  action  of  hydrochloric  acid  on  citric  acid  at  high  temperatures.  When 
dtric  acid  is  heated  with  concentrated  hydrochloric  add  to  140^-160*',  it  is  converted 
into  aconitic  add,  together  with  a  sympv  add  possessing  the  composition  and  the 
reactions  of  citric  acid.  On  heating  the  mixture  to  l9Q^-200^,  diconie  add,  0*H**0*, 
is  formed,  together  with  some  black  resinous  matter  and  the  syrupy  citric  add,  which 
does  not  seem  to  be  an  isomeride,  but  common  citric  acid  prevented  from  crystallidng 
by  some  admixture :  for  on  heating  it  asain  with  hydrochloric  add  to  140^,  it  yields 
aconitic  acid,  and  at  200^  it  is  converted  into  diconie  acid.  The  latter  add  is  also 
obtained  by  heating  aconitic  add  with  hydrochloric  acid : — 

2C«H«0«  -  C»fl'«0«  +  2C0«  +  CO  +  H«0. 

Diconie  acid  is  freely  soluble  in  water,  alcohol,  and  ether,  and  forms  small,  ap- 
parently monoclinic  crystals,  having  a  strong  add  reaction,  and  melting  at  199**- 
2(K)<>. 

Potassium  dieomUe,  C*H*0*K*,  is  a  very  soluble  and  deliquescent  salt.  The 
amnumium  salt,  C*H'0*(NH^)',  forms  a  brittle,  crystalline,  wax-like  mass,  very  soluble 
and  deliquescent.  The  barium  salt,  2CH'0*Ba+3H*0,  is  more  soluble  in  cold  thim 
in  hot  water,  and  is  obt^ned  by  slow  evaporation  in  hard  crystalline  crusts,  which 
lose  all  their  water  only  at  200^.  The  add  salt,  (C"H*0')KBa.  is  an  amorphous, 
glassy,  very  soluble  mass. 

The  strontium  salt,  CHHy'Sr  +  6H*0,  is  obtained  b^  slow  evaporatiop  as  a  crys- 
taUine  frothy  maa§,    which   dissolves   more  fteeVf  \ik  q(M.  uuui  y^  V:X  ^^inSua^ 

9rd8up,  T  T 
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The  calcium  salt,  C'H'O'Ca  4- HK),  is  a  similar  body.  The  maffneiiKm  mit, 
C*H"0'Mg  +  GHH),  forms  hard  cr>'8taUino  crusts,  dissolTixig  freely  in  wn^i.  WVi 
ferric  chloride  is  added  to  the  solution  of  a  diconate,  au  orange  precipitate  U  fofOil 
which  dries  up  to  an  ochre-coloured  powder,  having  pntbably  this  composdai. 
CH»0°Fe(OH)^. 

The  manganow  salt,  CH'O'Mn  +  ftUrO,  crystallises  in  colourless  pnjlAHj  on* 
clinic  plates.  The  cobalt  salt,  C*H*0'Co+6H^0,  forms  small  rose^-colunred  bxa> 
clinic  plates;  the  anhydrous  Siilt  is  blue.  The  nickel  salt,  C*H*0"Ni -f SB%, 
cryRtAllises  on  slow  evaporation  in  pale-green  crusts.  The  sine  salt,  C*U*O%D-h6H'0. 
forms  monoclinie  plates.  The  acid  salt,  (C'H*0')*Zn  •«-  7HH),  seems  also  to  belai|;D 
the  monoclinie  .system. 

When  neutral  barium  diconate  is  mixed  with  lead  acetate,  small  crystals,  bciosiji^ 
probably  to  the  quadratic  system,  separate  out.  Basic  lead  acetate  prodooes  a  flom- 
lent  precipitate. 

The  copper  salt,  C*H*0*Cu  +  3HH),  is  obtained,  by  slowly  evaporating  m  mixtm  cf 
moderately  dilute  solutions  of  cupric  acetate  and  barium  diconate,  in  hard  blii:^ 
green  prisms,  which  are  insoluble  in  water.  The  tin  salt,  C*H*O^n(Sn0U)i-4H^. 
is  a  bidky  precipitate,  which  is  insoluble  in  acids. 

The  diethvlic  ether,  C*H"O^C*H*)>,  is  produced  by  heating  the  acid  gentlT  wA 
absolute  alcohol  saturated  with  hydrochloric  acid.  Chi  adding  water  to  the  sclvciBi, 
the  ether  separates  out  as  a  heavy  oil  which  cannot  be  distilled,  and  senns  to  bed^ 
composed  by  boiling  it  with  water. 

Diconic  acid  is  bi  basic,  but  the  existence  of  the  basic  stannous  salt  shovi  thtti 
third  hydrogen-atom  may  also  be  replaced  by  a  metal.  The  formula  of  the  sad  ii 
therefore  C»H'0(0HXCO.0H)«. 

BZCTAVOBXAKniB.    See  Gtanaxidr  (p.  599). 


A  considerable  number  of  didyminm  salts  prepared  and  ukijwd 
)>y  Cleve  in  1874,  have  been  described  in  the  article  ORBrra-KBTALS  (p.  424);  qia 
recently,  however,  a  further  investigation  of  the  compounds  of  tbis  metal  hu  bftc 
made  by  Frerichs  a.  Smith  {LUhi^s  Annalen,  1878,  cxcix.  331),  who  hare  de«r3«di 
new  method  of  separating  didymium  and  lanthanum,  and  pr0par«>d  several  sdltf  a 
these  metals  not  previously  examined. 

1.  Separation  of  Didymium  and  Lanthanum  from  CerhiiH. — The  mixture  of  osidt 
and  carbonates  of  the  three  metals  obtained  by  decomposing  pnlveriixed  cnite  wA 
sulphuric  acid,  lixiviating  the  sulphates  with  cold  water,  precipitating  with  aaiir 
acid,  and  igniting  the  dried  precipitate,  is  repeatedly  moistened  with  nitric  acid,  nc 
again  ignited,  whereby  a  mixture  is  obtained,  consisting  chiefly  of  lanthanura  cank 
didymium  oxide,  and  eerie  oxide.  To  remove  the  latter,  the  crude  oxides  ar«  divwte 
in  a  basin  with  a  large  quantity  of  water  (about  5  litres  to  50U  grams  of  oukl 
and  the  liquid  is  boiled  for  sevend  days,  while  veiy  dilute  nitric  acid  is  albv«>l'^ 
flow  slowly  into  it  from  a  dropping  pipette,  ho  as  to  keep  it  slightly  acid.  Th»  tm 
iiilute  acid  does  not  attack  the  oxides  of  cerium,  but  readily  dissolves  thcai  i 
lanthanum  and  didymium.  The  filtered  solution,  which  is  quite  free  from  cehsb  s 
mixed  with  sulphuric  acid,  concentrated  by  evaporation,  traated  with  hydnges  n^ 
phide  to  free  it  from  small  quantities  of  metals  precipitable  thereby,  and  the  fikak 
is  mixed  with  a  hot  solution  of  potassium  sulphate,  which  thzowa  down  the  lantbtfa 
and  didymium  as  double  sulphates,  leaving  the  gsdolinite  metals  mm!  others  ia  fob* 
tion.  ij  decomposing  the  precipitated  didymio-potassic  and  lanthano-potasfic  sm- 
phates  with  sodium  carbonate,  dissolving  the  precipitated  carbonatee  in  nitzic  ^ 
treating  the  solution  with  oxalic  acid,  and  igniting  the  precipitated  "**l^t^  • 
preparation  is  obtained  consisting  wholly  of  the  oxides  of  didymium  and  lanthaiia- 

2.  Separation  of  Lanthanum  and  Didymium, — ^Frariclis  a.  Smith  ol>taia  i 
didymium  salt  free  from  lanthanum,  and  a  lanthanum  salt  free  from  didymion : 

a.  By  Erk's  method  of  partial  precipitation  with  ammonia  {2nd  Suppl,  4SS). 

/3.  By  mixing  the  solution  of  the  nitrates  of  the  two  metals  with  a  qnant^  i 
sulphuric  acid  sufiicifnt  t(»  convert  only  a  part  of  the  lanthanum  (the  stronger  bw> 
into  sulphate— so  that  after  four  or  five  days  the  solution  consists  of  a  mixtnttf 

lanthanum  sulphate  with  the  nitrates  of  lauthanum  and  didyminm and  mixiKS^ 

sohitiun  with  alcohol,  which  thntwH  duwn  nearly  all  the  lanthanum  snli^ate,  tesvi^ 
the  two  nitrates  still  dissolved.  After  cry8t4dlising  the  precipitated  snlphaftia  fi* 
times  fmm  water,  a  salt  was  o}>tained  in  which  not  a  tmee  of  didTmiom  eosU  h* 
dct4TtiHi  by  the  spectroscope.  By  this  process,  therefore,  a  salt  of' IsntlviBBB  w 
otitained  free  from  didymium. 

The  alcoholic  solution  filtered  fmni  the  liiuthanum  sulphate  contained  didraa 
nitrate,  together  with  a  small  qunntity  of  Inntbnnum  nitrate.  To  obtain  bim  it  ■ 
pure  d\vlym\um  »aVt,\.\v«  ^\coVvo\  ^^%  <^\«\!\>\ft^  q»^\  1^«  t%maining  solatiao. 
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with  water,  was  mixed  with  a  quantity  of  snlphuric  acid,  sufficient  to  convert  part  of 
the  didymium  as  well  as  the  whole  of  the  liuiUianum,  into  snlphate ;  and  after  four  or 
five  days,  the  greater  part  of  these  sulphates  was  precipitated  by  alcohol.  The  solu- 
tion was  then  evaporated  down ;  and  the  dry  mixture  of  didymium  nitrate  and  a  small 
quantity  of  didymium  and  lanthanum  sulphates  (these  sulphates  being  somewhat 
soluble  in  dilute  alcohol)  was  heated  in  a  platinum  cmcible  nearly  to  redness,  whereby 
the  nitrate  was  decomposed,  while  the  sulphates  remained  unaltered.  The  finely 
pounded  mass  was  then  treated  with  cold  water  to  extract  the  sulphates,  and  the  undis- 
solved residue  of  didymium  oxide  was  washed  with  water,  till  neither  the  washings 
nor  the  solution  of  the  didymium  oxide  in  nitric  acid  showed  any  turbidity  with 
barium  chloride,  a  process  which  had  to  be  continued  for  about  a  week.  The  <^dy- 
mium  oxide  was  then  convertedinto  sulphate,  this  salt  was  dissolved  in  seven  times 
its  weight  of  cold  water,  and  the  solution  was  slowly  warmed  in  a  platinum  dish. 
Crysti^isation  began  at  85^,  the  solution  yielding  large  well-defined  rose-coloured 
crystals  which  were  taken  out  from  time  to  time. 

As  no  characteristic  reaction  of  lanthanum  is  known,  the  purity  of  the  didymium 
salt  was  tested  by  analysing  the  first  and  last  crystals  which  separated  out ;  and  as 
both  analyses  yielded  tne  same  result — whereas  lanthanum  sulphate,  if  present,  would 
have  crystallised  out  first,  and  would  therefore  have  made  a  difference  in  the  compo- 
sition of  the  first  crop  of  crystals — the  didymium  sulphate  was  judged  to  be  pure. 
This  oondusion  was  strengthened  bj  the  fact  that  the  salt  began  to  crystallise  only 
at  86^,  whereas  lanthanum  sulphate  ovstallises  out  almost  completely  at  60^. 

The  atomic  wei^t  of  (trivalent)  didymium  thus  purified  was  found  to  be  144. 

The  following  are  the  compounos  of  didymium  analysed  by  Frerichs  a.  Smith. 

Platinoohloride,  2I>ia*.3Pta^+24HH).*— Obtained  by  mixing  concentrated  solu- 
tions of  didymium  chloride  and  platinic  chloride.    Very  fine  orange-coloured  tables. 

AwrocUoride,  2DiCl«.8Aua».2lHH).— Brilliant  yellow  pUtee,  very  hygroscopic 
and  deliquescent. 

Oxyohloride,  DiOCl. — Obtained  by  heating  didymium  oxide  in  chlorine.  Besolved 
by  boiling  with  water  into  hydrate  and  chloride. 

Didymium  and  Zmo  Bromide,  2DiBr*.3ZnBr*.86H*0.--Reddish-brown  needles, 
very  hygroscopic,  taking  up  water  even  from  calcium  chloride. 

JHdx/rmmm  and  Nickel  Brtnnide,  2l>iBr'.3NiBr'.18H*0.— Small  brownish  crystals, 
which  rapidly  absorb  water  from  the  air. 

JHdymiwn  and  Zinc  Iodide,  2l>iI".dZnI^24H*0.~Small  yellowish  needles,  very 
hygroscopic. 

Fluoride,  2DiF*.(HF)'. — ^Thrown  down  as  a  gelatinous  precipitate  on  adding 
hydrofiuoric  acid  to  a  solution  of  didymium  sulphate.  0?er  the  water-bath  it  dries 
up  to  a  transparent  rose-coloured  mass. 

Peroxide,  Di^O^.f — An  oxide  having  this  composition  was  obtained  as  a  chestnut- 
brown  powder  by  decomposing  the  nitrate  at  a  gentle  heat,  and  then  heating  the 
residaal  oxide  to  low  redness  in  a  current  of  oxygen.  It  dissolves  in  nitric  acid,  giving 
oflf  oxygen. 

Suipkide,  Di'S*. — A  yellow  or  brownish  substance,  obtained  by  heating  the  oxide 
in  vapour  of  carbon  bisulphide.  It  dissolves  easily  in  acids,  giving  off  hydrogen 
sulphide. 

Nitrate,  DiO"(NO*)».6HH). — Large  violet  crystals  having  this  composition  are 
obtained  by  dissolving  the  oxide  in  nitric  acid  and  evaporating  the  solution  over 
sulphuric  acid.  The  ult  absorbs  water  frt>m  the  air,  becomes  anhydrous  at  200°,  and 
melts  without  decomposition  at  300°.  It  dissolves  easily  in  alcohol.  Forms  crystal- 
line compounds  with  other  nitrates. 

Didymium  and  Zinc  Nitrate,  2DiO»(NO«)«.3ZnO«(NO*)«.69H«0.— DeUquesces  ex- 
tremely rapidly  in  the  air. 

Didymnm  and  Nieket  NUrate,  2DiO«(NOn".3NiO«(NO«)«.36H«0.— Large  bright- 
green  tables,  hygroscopic  and  very  easily  soluble  in  water. 

Didymium  and  Cobalt  Nitrate,  2DiO»(NO«)".3CoO»(NO»)«.48H«0.— Dark-redcrystals, 
obtained  with  great  difficulty.    Very  soluble. 

Hypochlorite,  Di(OCl)'. — Obtained  by  passing  chlorine  into  water  in  which 
didymium  hydroxide  is  suspended.  Thin  nearly  colourless  tables,  dissolving  sparingly 
in  water,  but  easily  in  strong  acids. 

Baeic  Sulphate,  [DiXOH)']^(SO*)*.— Ammonia  added  to  the  neutral  sulphate 

*  Bflspecting  Uie  plattnochloilde,  anrochloiide,  flnoride.  selenatc,  and  pyrophosphate,  compare 
Clere,  p.  424. 

t  IH*'0^,  MCOonUng  to  Hermann,  for  milTRlent  dldTmiton,  VD\s4lft'\.   ^ft«  W.  ^^, 
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throws  do\ni  a  gelatinous  prcHpitato  which  drios  up  to  a  niiiAS  baving  thisoump<Mim. 
The  Nilt  in  iiisolublu  in  wdter.  but  easily  holablo  in  acids. 

yetftrat  Sulphate,  Di^SO')'. — This  salt  crystallises  from  strongly  acid  nlTitinDi 
in  rose-red  crystals  containing  6H'0,  and  from  neutral  sat  urn  tad  solntions  qd  ibv 
evaporation  in  crystals  containing  9U'0.  The  latter  ^ve  off  two-thiids  of  their  vaar 
fit  200°. 

Selffiate,  J)\^{i^0*)-.6W0. — Fine  rose-red  prisms,  very  easily  solnMe  in  vitv. 
obtnineil  by  evaporating  a  solution  of  the  oxide  in  selenic  acid. 

SeUnite,  Di*(SeO')'.6H^O. — Obtained  as  a  gelatinous  precipitAte  on  adding  ilvkk 
to  a  mixture  of  concentrated  solution  of  didymium  nitrate  witn  s^leniomi  acid. 

Phosphate,  DiPOMPO. — Obtained  by  boiling  sol^itions  of  didymium  with  ^ho^ 
phoric  acid,  or  by  adding  trisodium  phosphate  to  didymium  sulphate.  Intolubli  ii 
water ;  soluble  in  acids. 

Tfiphoaphate,  Di<(HO>PO)>.  -Precipitated  from  the  sulphate  by  disodium  pboi- 
phate. 

Pyrcphottphate,  Di*(H'0*PK)')".— Precipitated  by  neutral  sodium  pyrophos|iliMi 
from  acid  solutions  of  didymium.    Soluble  in  excess  of  the  precipitant. 

Metaphotphate,  Di0'(P0^)".- -Rose- red  powder,  precipitated  by  eodinm  lut^ 
phosphate  from  didymium  sulphate. 

Arsenate,  Di-(HO'AsO)'. — Pftlc-red  precipitate  thrown  down  by  disodium  anena 
from  didymium  sulphate.    Insoluble  in  wat4>r. 

Phosphite^  l)i^O*PHO)'. — Precipitated  fh>m  Solutions  of  didymium  by  di^n 
phosphite. 

Arsenite,  Di(0'A8H0)'. — A  white  granular  powder,  insoluble  in  water.  fani«4  bj 
boiling  didymium  hydrate  with  aqueous  solution  of  arsenious  acid. 

Chromate,  Di*(0'CrO^)'. — A  yellow  granular  powder,  precipitated  br  potaNia 
dichromate  firom  didymium  sulphate.  Dissolves  sparingly  in  wrater,  easily  in  ^Itfi 
acids. 

Manganate,  Di^O^nO-)*. — Formed  by  heating  didymium  nitmto  with  mingiini 
dioxide.  Black  powder,  insoluble  in  water,  soluble  with  dark^red  colour  in  •alphuiv 
acid. 

Permanganate.  Di(MnO')'.2 111*0. — Deposited  from  a  mixture  of  potassiua  pa^ 
manganato  and  didymium  sulphate  on  standing.  Eoddish 'brown  crvBtalline  povdff. 
sparingly  soluble  in  water. 

Borate,  Di^O^B^O^)'. — Thrown  down  as  a  white  gelatinous  precipitate  oo  aihii 
sodium  borate  to  a  solution  of  didymium  sulphate.    Insoluble*  in  waU>r. 

Molyhdate,  DiH'0"(jVIoO*)'. — Obtained  as  a  pile-red  gelatinous  preeipitat«  (w 
adding  ammonium  molybdato  to  solutions  of  didymium. 

Tungstate,  Di^O^O')*.~PrecipiUted  by  disodium  tungstata  from  didyua 
sulphate.     Gelatinous  precipitate,  drying  up  to  a  rose-red  mass,  insoluble  in  vaier. 


BZBTHOXTUTHAVB  (CHZiORO-),  C>H*Cl(OC«H*)>.  This  componni  s 
formed  by  the  action  of  alcoholic  sodium  ethylate  on  dichloretliylene  at  high  %m- 
peratures : 

CHCl  CHH31 

II  +   C«H*NaO  +   C«H»OH  -  NaQ   +     I 

CHCl  CH(OC«H»y« 

Chlorodiethoxylethane  is  a  colourless  oily  liquid  haying  a  peculiar  aionatic  od- -ir.  • 
density  of  1026  at  15°,  and  boiling  at  155°  (Klien,  Jenaiaehe  ZeiUekr.  /.  XjImiw. 
X.  67). 

BZBTHT&ACBTZC  or  ZSOCAVBOZO  ACm.     Bee  CaFBOiC  ACDS  (p.  STSl 

BZBTBTB-ACBTO-A.CBTZC  BTHBBv 
Cioui«o«  =  CH«.C0.C(C«H»)2.C00C»H».    See  AcBTo-Acmc  Etvbbs  (p.  13). 

BZBTBTBAXiXiTZJUiaWB,  C'H^'N  -  (C<H»)^C>H*)N.  See  ALLnavn 
(p.  62). 

BZBTBT&AnZiZ»B-8irLPHOVZC    ACZB.   C«H«[N(C>H*y].SO*H.     Sa 

BENSERNR-svLpnoinc  ACIDS  (Amiix>-).  (p.  235). 

BZBTHTXi-BOBZC  ACZB  or  Boric  Diethokydrate,  (G*H*)*B(OH).    See  Bi^hs. 

Organic  CoMrouNns  or  (p.  348). 


y.  Zotta,  ))y  passing  nitrous  arid  into  an  alcoWx 
solution  of  symmetrical  diethylcarlwimide,  NH(CH*).CO.NH(C»U*).  obtained  u  al; 

liquid,  to  wh\a\i  he  ««a\sti<A  \>[\^  iwxaxxXt.  ^^^— '^<J;^^^^— G«H»  (p.  SM>    I 
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Fischer*  however,  finds  that  this  compound  is  nitrosodie thy Icarb amide, 
NH(C2H*).CO.N(NOXC2H*).  The  easiest  way  of  preparing  it  is  to  pass  nitrous  acid  in 
excess  into  a  solution  of  diethylcarbamide  in  ether.  On  leaving  the  ether  to  evaporate 
at  a  very  low  temperature,  washing  the  residual  oil  with  water,  drying  it  over  calcium 
chloride,  again  evaporating,  and  leaving  the  oily  residue  for  a  considerable  time  at  a 
low  temperature  and  in  a  vacuum,  it  deposits  well-defined  transparent  crystals  which 
melt  at  6^.  Nitrosodiethylcarbimide  is  indifferent  to  acids  ana  alkalis.  In  contact 
with  phenol  and  sulphuric  acid,  it  exhibits  Liebermann's  colour  reaction.  Treated  in 
alcoholic  solution  wiUi  zinc-dust  and  acetic  acid,  it  is  reduced  todiethyl-hydrasine- 
carbamide  {Deut.  Chem.  Ga.Ber,  iz.  111). 

IABBZVO&.    See  Amtl  Alcohols  (p.  77). 

•BIMMTU 1  liAMMOMI U M   COMVOUWBB.      See  Mbthtl* 


»B,  C((?H»)«(C«H»)«N«0  (p.  391). 
See  Phbmylamimiis. 
•F&VOXaBCBZV.    See  Fluobsscbin. 

TMMm    See  Gltcinb. 
See  HTDRAzuras-coxpouNos. 
C*H»(0«H»)«.0.(?H».    See  Ethyl  Oxidb. 
BZBTBT&IBBWB-AXMOVZUM   THIOOABBAMilTB.      See  Cabbo- 

THULLDIKB  (p.  387). 

BXBVBTBZBBBB-lUkCTABac  AOIB,  C■H"NO^  also  called  DiderUactamio 
acid  and  Dilactamic  acid  {^nd  8uj>pl.  722^.  This  acid,  like  other  amidated  acids, 
unites  both  with  bases  and  with  acids.  Tne  following  compounds  are  described  by 
Heintz  (Liebi^t  Atmalen,  clxv.  44). 

The  aeid  ammonium  $alt,  C*H'*(NH*)NO^,  obtained  by  adding  excess  of  ammonia 
to  diethylidene-lactamic  acid,  and  evaporating  to  a  syrup  on  the  water-bath,  .crystal* 
Uses  on  cooling  in  needles  which  may  be  recrystallised  from  alcohoL  The  salt  sepa- 
rates from  this  solvent  in  rectangular  tables,  but  when  it  is  deposited  from  a  mixture 
of  alcohol  and  ethor,  it  often  takes  the  form  of  needles.  It  is  very  soluble  in  water» 
slightly  soluble  in  alcohol,  and  insoluble  in  ether,  decomposes  at  a  temperature  below 
its  melting  point,  and  on  distillation  yields  ammonia  and  a  thick  liquid,  partly  soluble 
in  water. — The  barium  salt  is  obtained  by  neutralising  didenlactamic  acid  with  excess 
of  barium  hydrate,  removing  the  superfluous  base  by  means  of  carbonio  anhydride, 
and  evaporating  the  slightly  alkaline  liquid.  The  syrupy  residue  which  remains 
gradually  dries  up  to  a  brid^le  fissured  mass.  If  alcohol  be  added  to  an  aqueous 
solution  of  this  salt,  the  latter  is  separated  in  a  syrupy  form.  The  action  of  acetic 
acid  on  it  did  not  give  rise  to  the  formation  of  a  crystalline  add  salt. — The  rinc  udU 
C*H*ZnNO\  obtained  by  boiling  diethylidenelactamic  acid  with  basic  einc  carbonate 
and  a  considerable  quantity  of  water,  filterinff  hot,  and  evaporating,  consists  of  micro- 
scopical quadratic  tables,  very  slightly  soluble  in  water,  but  easily  soluble  in  hydro- 
chloric acid. — The  cadmiwn  iolt,  C"H*GdNO^  is  prepared  by  boiling  a  dilute  aqueous 
solution  of  the  acid  with  cadmium  carbonate,  evaporating  the  solution,  treating  the 
residue  sevwal  times  with  hot  water,  and  pressing  the  undissolved  portion,  and  nmy 
be  obtained  in  microscopic  needles  by  boihng  its  cold  saturated  solution.  It  is  very 
soluble  in  cold  water,  although  it  dissolves  but  slowly.  The  solution,  on  evaporation 
over  sulphuric  acid,  yields  a  syrupy  residue,  which  gradually  becomes  opaque  and 
partially  solid.  While  the  syrup  remains  transparent,  it  disisolves  readily  in  cold 
water,  but  when  it  has  become  solid  and  opaque,  it  is  no  longer  easily  soluble ;  the 
change  into  the  less  soluble  variety  appears  to  be  accompanied  by  partial  dehydration. 
On  boiling  a  cold  saturated  solution,  the  partially  dehydrated  salt  is  deposited  in 
needles  having  the  composition  C*H*CdNO*  +  H'O.  The  salt  dried  at  150^  contains 
C*H*CdNO^— Zea<2  salt,  C«H•PbKO^  An  aqueous  solution  of  diethylidenelactamic 
acid  saturated  with  lead  hydrate  forms  a  strongly  alkaline  liquid,  firom  which  almost 
all  the  excess  of  lead  may  be  removed  by  means  of  carbonic  anhydride.  On  filtering 
this  solution,  slightly  acidulating  with  acetic  acid,  evaporating,  and  adding  alcohol, 
the  lead  salt  separates  in  crystslline  crusts ;  when  crystallised  from  dilute  alcohol  it 
has  a  slightly  alkaline  reaction. — Tho  silver  salt,  CH'Ag^NO*,  is  obtmned  as  a  white 
precipitate  when  a  soluble  salt  of  the  acid  is  precipitated  by  silver  nitrate.  Like 
silver  diglvoollunate,  it  explodes  slightly  when  neated.  From  boiling  water  it  nepa- 
rates  partly  in  small  rhombic  tables,  partly  in  ucodlcs,  which  arc  sometimes  united 
in  tufts. 

ff^rochlaride,  i70^"N0*.Ha.--When  diQt][iyMQiie-\&cXxai^<&  a«s^^ 
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fumiag  bjdrachlonc  acid,  Aad  tbt  solatioa  is  eTaporated  in  a  Tactntn,  •  (rnpT  nwi 
is  obtitiaed  which  diBsohea  id  a,  small  qo&nttly  of  absnlat*  alcohol,  Bod  it  MfiuMad 
from  it  in  tbe  (inid  stale  on  additiuD  of  water.  If  the  preTiaiuly  menUoiud  idatiM 
b«  GTaporKtod,  and  the  refiiduo  be  diwolved  in  a  Bmall  rjnanutf  of  water,  it  jialdt  m 
eVHparatiDD  orer  sulphuric  acid,  a  iiyrup;  maal,  in  vhicb  flat  micmMOpic  iwedln 
gndnally  form.  If,  hawevar.  tbe  residue  ba  dtmelred  in  abmtata  alcohol  and  itlur 
be  added,  small  cryetaU  are  dsposited,  irhich  coniiet  of  a  compound  HilnbU  in  alCDbal 
or  other  and  permanent  in  the  air.  This  Kubbtance  disiolTfs  in  vat«r,  and  tba  agts- 
tiqn  OQ  ipDOtaneooB  erapocation  yielda  coloorlesa  rhombic  priaml. 

tlilrale. — Diethylidenelactamic  acid  dissolTee  readilj  in  nitric  acid,  and  tlie  ■olntitM, 
vbea  eraporated  over  aodium  bydcate,  girei  a  thick  eymp.  irbich,  vbrn  diMoT 
varm  alcohol  and  separated  by  the  cautious  addition  uf  ether,  takaa  tha  I 
fringed  hfrnispherieal  grains,  apparently  made  np  of  groups  of  tfaia  coDcenllie  i 

NitrosodiethuUdinelactamii!  aci(2,  CB'°(NO)KO'.— The  calcium  alt  «f 
this  acid  is  obtained  by  gradually  adding  calcium  nitrite  to  a  solnljon  of  di  ' 
laclamic  acid  jn  nitric  add,  ths  solntion  beiog  stirred  to  prermt  local  I. 
Sufficient  calciom  nitrite  haring  been  added  to  make  Ihe  liquid  pennanenllyfl 
is  diluted,  gently  vanned,  neutralised  with  lime,  and  aruporalcd  almost  to  3 
tbe  roiidne  diiaolTed  in  alcohol,  and  tbe  soluiion  mixed  with  ether,  whidT 
dom  the  calcium  salt  of  the  nitroso-acid.  The  free  acid  may  be  obtained  fl 
Bait  either  by  decomposing  it  with  the  ceqDisita  quantity  of  Dialic  aad,  or  bf  (K- 
cipitating  it  irith  ammonia  and  ammonium  carbonate,  boiling  tlie  ammonium  lalt 
thna  obtained  with  bariom  hydrate,  and  decomposing  the  barinm  sit  with  the 
requisite  quantity  iit  eulphuric  acid.  It  forms  a  syrup  vhich  finally  solidifie*  lo  aBtll 
colourless  Bat  nocdles,  consiiitiag  partly  of  elongated  rhombio  tables  aod  omrllj-d 
elongated  sii-sided  tables.  It  is  easily  soluble  in  irater  or  alcohol,  and  is  dinulnd 
by  etber.  With  concentrated  sulphuric  acid  and  fenoOH  snlphata  it  girw  tlit  veil- 
known  reaction  of  the  higher  oxidos  of  uitrogea. 

SmTKTI>-M  UTU  S 1^  ACETIO       ACID,       C((7E>)'GH'— COOH.         3m 

OZBTHT^MBTHyZ^MINB  MBTaXOSISB.     See  Metstumisv. 
IlIXTHTX>OXAX.ATB  or  DIBTKOXAX^TII,  BTHTXtC.     Thia   ethtf. 

ith  phosphorus  pentacbloride,  yields  the  eihylic  ether  at  eblorieoc^mte 


Created 

acid  (p.  378) 

C(C=H>)"OH 


-  PCI'  =  PCl'O  +  HCl  +  (C=H>)"0CI.CO0CH' 


See  0IA3UDG. 
&IBTKTK-PHBir>-L-KOKOCBZrf>XBTHAXB,CH'Cl— CB(OB'.(7H*)*. 

ia  formed  by  tpeatiog  uthjl-beniono  with  dichlorethylic  oiide  and  sulphnric  add  : 
2(CH',CH')   +  (C'H'CI)=0   -   CH'Cl-CmCH'.CH")-  +   tPH'O   +   HO. 
When  subjected  to  distillation,  it  is  icaolved  inl^  hydrochloric  add  and  diethjl- 
Btilfaens.  C"H"C1(CH>)'-HC1  +  C"H"(C'H')=  (Ke^p.  Daa.  CHei^.   Of.  Btt.tu. 

SIBTBT^VBBJTTIi-VBOSPKXira,  P(C"H')'(C'H>).     See  PHOsrBimnL 
nXBTsT Zi-STIIiB BIT B.     See  Stilbkhb  under  DiriCKiiTl-coiirauirDS. 
DIBTHTl.-tniBA.     .See  C1lBB\hide3  (p.  39U). 
BirrirazOH',    See  Gians  and  LiqciDS, 

DXOAJLUO  AOXS,  C"H"0"  =  2C'HtH  (gallic  acid)  -H'O. 

to  SdiifTs  Inlest  reseacchcs  (Iwiiyi  Ainnfmi.  ciii.  43;  G<i!3.  chim.  Hat.   1878,) 

I  is  the  composition  of  pure  gatlotaanio  acid,  natural  ti     '     "  

ably  a  glucoside  derived  from  it : 
See 
fbn 
pre. 
the 


C"H"0" 


a  from  Dulgalla 


-   2H'0. 


1,  Eingzott  {Chen.  8oe.  J.  1878,  x 


See  further,  Paula, 

in  this  volume. 

Digallic  acid  is  not  formed  by  the  ae 
I  fonnstion  ofrnHgallicacid  from  digallicBcid  by  the'aetion  of  sulphuric  acid  iin 
I  preceded  by  the  foima.l.ioQ  of  g>i\lic  aiivi  hi4  a  \>tQ'«Ti  s,«\iAmii-      ' '  ' 
I  the  mfigiillic  ai;iil  Ihua  pTadored  (.sec  ^nd  S.ippl.  ^.  \V^%-). 


1  of  siilphi 


.  217);  also  the  arli.^'f! 
gttUic 
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BZOB8TIOW.  Obiiervations  on  digestion  thzongh  the  agency  of  a  gastric  fistula 
have  been  made  by  0.  Ricbet  {Compt.  rend,  Ixxxiv.  460 ;  Chem.  8oc.  J,  1877i  ii*  631). 

Od  the  Differences  of  Digestion  and  of  Chemical  Structure  amongst  Animals, 
see  Hoppe-Seyler  {ffiiiyer'a  Archiv.  fur  Pht/sidogie,  xiy.  396 ;  Chem.  Soc.  J.  1877, 
ii.  396). 

On  the  Resorption  and  Secretion  of  Alimentary  Constituents  in  the  Digestive 
Canal  of  the  Sheep,  see  £.  Wildt  {Chem,  Centr.  1876,  40,  67,  72;  Jahrteb,  /.  Chem, 
1876,864). 

On  the  Digestion  of  Fats :  H.  C.  Bartlett  (Analyst,  1877,  176 ;  Chem.  Soe.  J.  1877, 
ii.  207). 

On  the  Digestion  of  Linseed  Mucilage  with  Artificial  Gastric  Juice :  Fudakowski, 
(Chem.  Centr.  1877,  6;  Chem.  Soc.  J.  1877,  ii.911). 

On  the  Digestibility  of  Fodder :  Pott  a.  Ffeiffer  (JourruUfiir  Landwkiheokuftf  xzii. 
870;  Jakresb.f.  Chem.  1874,  924). 

Pancreatic  Digestion, — Accordiing  to  Radnszewski  and  R  Salkowski  (DetU.  Chem. 
Cres.  Ber.  vii.  1060V  aspartic  acid  is  found  amongst  the  products  of  the  pancreatic 
digestion  of  blooa-fibnn.  Nencki  (ibid.  8698)  obtained  from  the  products  of  the 
pancreatic  digestion  of  fibrin,  a  distillate  oxhibitinff  all  the  reactions  of  indol.  By 
the  pancreatic  digestion  of  gelatin,  Nencki  obtained  veiy  little  i  ndol,  ems^  quantities 
of  tyrosine,  ammonia,  leucine,  and  glycocine,  and  a  viscid  yellowish  body 
which  he  designates  as  gelatin-peptone. 

On  the  Separation  of  Digestive  Ferments,  see  Fbbmbmts. 


The  active  principles  of  foz-glove  (DimteUis  purpurea)  have 

lately  been  made  the  subject  of  numerous  investigations,  but  tne  results  are  not  veiy 
satisfactory,  and  those  obtained  by  different  experimenters  are  in  many  respects  dis- 
cordant. 

Kativelle  {Pharm.  J.  Trans.  [3],  ii.  866  [1872])  obtains  crystallised  digitalin  bv 
exhausting  the  leaves  with  alcohol  and  mixing  tiie  concentratea  solution  diluted  with 
three  times  its  bulk  of  water,  whereby  a  precipitate  is  obtained  consisting  of  digitalin 
and  digitin,  the  former  easily  soluble  in  chloroform,  the  latter  insoluble  (\st8uippl. 
846).  Digitalin  thus  obtainea  crystallises  in  slender  shining  needles  grouped  around 
a  common  axis,  and  exhibiting  conspicuously  the  characteristic  emerald-green  colour 
on  treatment  with  hydrochloric  acid  (ii.  329). 

The  amorphous  substance  obtained  from  the  aqueous  extract  of  fox-glove  leaves 
and  sometimes  called  digitalin,  is  designated  by  Nativelle  as  digitalei'n  {eomp. 
Kosmann,  ii.  828).  It  ^chibits  the  characteristic  green  coloration  in  a  minor  degree, 
and  its  physiological  action  is  less  marked  than  that  of  crystallised  digitalin. 

More  recently,  1876  (J,  Pharm.  Chim,  [4],  xx.  81 ;  Chem.  Soc,  J,  xxviii.  276), 
Nativelle  has  described  a  method  of  preparing  crystallised  digitalin  differing  but  little 
from  that  which  he  gave  in  1869  (1st  Suppl.  646). 

According  to  Fliickiger  (N.  Jahrb.  Pharm.  xxxix.  129 ;  Chem.  Centr,  1878,  871 ; 
Jahresb.  f.  Chem,  1873,  814),  crystallised  digitalin  forms  small  microscopic  plates, 
which  lose  6'8  per  cent,  of  their  weight  by  standing  over  sulphuric  acid.  It  is  very 
soluble  in  chloroform,  much  less  in  ether.  Its  most  characteristic  reaction  is  the 
fine  green  colour  which  it  assumes  when  added  to  a  small  quantity  of  phosphoric  acid 
concentrated  as  much  as  possible  on  a  watch-glass,  the  acid  at  the  same  time  becoming 
yellow. 

N.  Goerz  (Buss.  Zeitsehr,  Pharm.  1873, 886  and  417 ;  Jahresb.f.  Chem.  1878,  816), 
following  the  directions  given  by  Nativelle  (187.2),  has  also  obtained  digitalin  (crystal- 
line), digitin,  and  digital^,  but  in  much  smaller  quantities  (possibly  the  leaves  on 
which  he  worked  were  less  rich  in  active  principles  than  the  French  fox-glove  leaves 
treated  by  Nativelle) ;  moreover,  the  crystallised  digitalin  was  physiologically 
inactive. 

Digitin  cnrstallises,  according  to  Goerz,  in  stellate  groups  of  needles  soluble  in 
hot  alcohol  and  separating  out  on  cooling.  Chloroform  and  benzene  dissolve  only 
traces  of  it,  but  ether  dissolves  half  its  weight  of  digitin,  which  however  remains  in 
the  amorphous  state  on  evaporating  the  solvent.  It  is  insoluble  in  water,  but  soluble 
in  alkalis,  and  is  precipitated  therefrom  bv  acids.  Strong  sulphuric  acid  dissolves 
digitin,  forming  a  brown-yellow  solution,  wnich,  when  exposed  to  the  air,  gradually 
acquires  a  purple-red  colour  extending  from  the  edges  inwards :  the  addition  of  water 
turns  it  green.  Digitin  is  insoluble  in  hydrochloric  acid,  but  dissolves  without  color- 
ation in  nitric  acid.  When  heated  it  first  melts  without  decomposing,  then  turns 
brown,  swells  up,  and  bums,  giving  off  greyish- white  vapours  having  a  resinous  odour. 
It  does  not  reduce  Fehling*s  solution,  but  after  treatment  with  sulphuric  acid  it  ex- 
hibits a  strong  reaction  of  sugar,  whence  it  appears  to  be  a  glucoside.  It  is  freo  from 
nitrogen,  and,  f^m  the  rasolts  of  three  elem,entaxy  anaVfaw,  «^^g«an\AW9«  «b  cx3Sla^ 
poeitSon  represented  by  the  empirical  formula  C*H*0*. 
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DlGITrN"— DI-ICTDAMIDOBENZOIC  ACTD. 


Digital  eiQ  ia  obtaiacKl  fis  a  fitip  light  yellow  powder  hnciiig  a 
digitMisand  a  tf'fj  bitter  taato;  when  brougbt  in  contact  irilhtbe  i 
of  tba  noM  it  proilucDa  riolent  SDeeang.  It  dissalveB  eanlj  in  mtsc  and  in  AUcbi^V 
but  ia  netirl;  inBoiabla  ia  etbar,  chlorofQi'in,  and  twoniiB,  Solphoric  add  dianltafl 
digitaluin  with  a  dingy  green  colour,  but,  on  adding  a  drop  of  bfdrocblorie  ■dd,  tlin«H 
coloured  rings  am  produced,  the  outer  being  emerald -^en,  the  middle  oraogr-jrilDi^V 
and  Ibe  inner  oraogc-red;  attenrikrda  the  solution  acquires  »  nnifOTm  Fmenld-|p«i^ 
colour.  Potassium  brumide  and  Bulphnric  acid  produce  a  rose-red  colour  g 
changing  to  parple-red,  and  becoming  green  an  addilion  af  a  nnall  qotatitj  ol  hj4i>  1 
chloric  Hcid.  Tno  aqueous  Bolntton  of  digitale'in  forms  witli  platioic  lAlotide  i  tfjjt  I 
fellow  Borculcnt  precipTtate,  uid  iiith  silrer  nitrnte  a  white  gelutinotis  prM^iMi 

no  precipitate  with  mercuric  chlonde.  cupric  aulphuto,  or  tincture  of  iodioe*  ;| 

Digitale'in  ie  a  noa-uzotiseil  glncoaide.  and  the  analjrsea  of  Qoen  (whit" 
do  not  appear  to  be  very  exacts)  lead  to  the  empirical  fonnnU  C'B'O*. 
inclined  to  regard  digitaMn  as  identical  with  lbs  digitalin  (of  digitAli  ~' 
(ii.  329).     A<  all  evenU  its  pbjeiological  nction  above  Uiat  it  poaaaeaM  i 
properties  observed  in  digitalis,  and  that  in  a  therapeutic  point  of  riav 
important  Bubel&nce.     Qoen  reffarda  tbe  diecoTery  of  S  ainiple  metliod   of  pBt^ii^ 
digitalein  as  the  most  important  restdt  of  NatiTellea  resmrchea. 
On  Digltalin  and  the  other  proximate  prioclplea  of  Fox-gl( 
{J.Pharm.CMm.[i].-ii.i21i  Chem.  S».  X  1B7S,  660).  and  Sctuniedsberg  (J 
/.  7V(OM.(3],  V.  741;  Chem.  Sim.  J.  I87fi,  1266). 

DiUction  o/  DiffUalin. — This  eubetance  ma;  be  delected  by  tb*  red  tsUnii  {ad- 
duced when  its  polntlon  Is  mixed  with  a  dilute  aquaooa  tolulion  of  dried  ca-lrile,  ui 
then  with  a  quantity  ofsulphnric  add  sufficient  b>  raisA  the  temperatare  to  70°.  lUi 
reaction  is  ai^ciently  delicate  to  detect  the  presence  of  digilalin  in  a  deoocciaB  tt  Ol 
gram  of  fox-glove  leaves  in  180  grama  of  water :  it  likewise  b 
dicitolin  from  all  alkaloids  excepting  those  which  directly  give  a  T«d  colour 
anlpburic  acid.  Tbe  acid  ethereal  eztraois  U>  be  desit  with  in  loiicoIogiMl  * 
tiona  may  also  contain  lactic  acid,  tartaric  acid,  colchicine,  atroinne.  and  i 
bnl  none  of  these  aubstaDcee  givo  the  bilivreaction  above  describad(H.  Bnumer,  IM 
CAem.  Oi».  Ber.  1873,  96). 

Acoording  to  Almqniat,  on   the  other  hiiad  {Arch.  Phanu.  [3],   v.   G1&),  iq 
glneosidea,  at&reh,  dextrin,  inulin,  and  cellnlose,  also  give  the  red  colour  with  bil« 
snlpburio  acid,  and  eoosequentiy,  as  these  subEtancea  often  occur  in  extracts 
decoctions,  Branner's  tedt  for  digitalin  is  applicable  only  when  tliat  anbotAaM  ha 
been  obtained  in  the  separate  state. 

On  the  detection  of  Digitalin  in  Hiitores  of  Alknicada  and  othor  pnizimata  pe»: 
ciples  of  vegetables,  aee  Flutt-bisks. 
DHHTZW.    See  the  last  article. 

IIIOZ.TCOK&AKIO  musAiiKZiiB,  C<H"N'0>  =  NH(NE'.CO.NH.CO.CHi^ 
This  compound  is  formed  by  heating  bromacetyl-uraa  with  alcoholic  ammonia  la  100* 
in  a  sealed  tabe.  or  by  passing  dry  amnioniB  gas  through  alcohol  at  70°-80'',  ouDtaiB- 
ing  bromacetyl-urea.  It  m^lts  at  195°-'20U°.  dissolves  aparingly  in  cold, 
readily  in  wami  water,  and  crjsloUiseB  in  slender  needles. 

The  crude  product  of  the  above  reaction,  heat«d  with  dilcte  bydrocUoiic  add  t^ 
recryBtalliseJ  ftum  water,  yielded  a  conjpoucd  apparently  coaaiating  of  triglycolt 
Bmjc  triuramide,  NfNH'.CO.NH.OO.CH')"  (E.  Mulder,  2l<«(.  CAem.  G  '-  - 
lull). 

DZOtiTOOlit^C  ACXS,  C'H'O'.  Several  salts  of  this  add  have 
aniined  by  G.  Schreiber  (./  pr,  Chim.  [3],  liii.  436).  Tbe  lUkium  i^ 
C*llHi'h\-  +  bR-0,  crystallises  from  a  moderately  concentrated  solution  in  emd 
folourless  transparent  crystals,  and  from  a  synipy  solntioQ  in  concentric  gruma  •4 
small  nodules,  exhibiting  under  (he  micruscupe  the  appearance  of  prismatic 
It  dissolves  in  2'2  pta.  of  valor  at  IS'S".  It  is  soluble  also  in  diluto.  but  '  ~ 
absolute  alcohol,  which  preci 
nodules  containing  2j  mols,  IfO.  An  acid  b 
in  small  hard,  ginnalar,  transparent  crystal) 
was  obtained  in  small  limpid,  non-offloreacen 
wore  giren  off  compbtcly  at  240°. 

DIHTIIIlACaVT.ZO  ACm,  C'H'>0'  =  (C'H'.OH)-0.     Son   2ad   Saff4.  WlM 


nZHTSBOPZitTMIIIKIB  ACtll. 


&.Cia,  Cf-^-^^llS.'M-^'A'i^.,    Se»   1 
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U  C"H«I^»0*  (p.  274). 

BZ-IOBBTBRZV,  CH'(OH)P,  may  be  prepared  by  heating  dichlorhydrin 
with  potassium  iodide  and  water  in  a  salt-bath.  The  product  separated  from  free 
iodine  by  agitation  with  very  weak  sulphuretted  hydrogen  water,  is  a  faintly  yellow 
▼iscid  oil,  having  a  density  of  2*4,  solicQfying  at  -16^  to  -20^  to  a  white  crystalline 
mass,  and  decomposing  when  distilled  (Nahmacher,  Deut,  Chem.  Ges,  Ber.  t.  863). 

BI-naTBIOWAMIC  AOZB,  NH(CmCH^SO^OHy.  This  appears  to  be 
the  constitution  of  an  acid  formed  by  the  action  of  baryta-water  on  taurine.  Its  acid 
ammonium  aaUt  which  is  isomeric  with  taurine,  forms  a  light  powder  having  a  silky 
lustre,  and  made  up  of  crystalline  scales.  The  barium  salt  ciytallises  with  remark- 
able facility  (£.  Salkowski,  Dmt.  Chem,  Ges.  Ber,  vii.  116). 

»Z-XSOBVTTUBMa,  C»H'«  =  (CH«)»C— CH«— CH»— qCH«)«.     This  hydrocar- 

[  \ 

boB  is  the  chief  product  obtained  when  isobutylene  is  heated  to  100°  with  a  mixture  of 
e^ual  parts  of  strong  sulphuric  acid  and  water  (with  very  weak  acid  the  chief  product  is 
tnmeuiyl  carbinol).  It  unites  directly  with  hydrobromic  and  hydriodic  acids,  and 
the  hydroxide,  treated  with  moist  silver  oxide,  is  converted  into  an  octyl  alcohol, 
CH'K),  which  solidifies  at  -2U®  to  a  white  crystalline  mass,  and  retains  water  with 
great  obstinacy.  Di-isobutylene  and  the  octyl  alcohol  derived  from  it  are  converted  by 
oxidising  agents,  e.ff,  chromic  and  metaphosphoric  acids,  into  acetone  and  trimethyl- 
aeetic  acid,  together  with  carbon  dioxide,  acetic  acid,  an  octoic  acid,  G*H''0',  and 
a  ketonic  substance,  CH'^O.  Hence,  the  structure  of  di-isobutylene  may  probably  be 
represented  by  the  formula  (CH«)*=C=CH— C^CH*)*  (Butlerow,  Deut.  Chem, 
Ota,  Ber.  viii.  1688,  ix.  1687 ;  Liebi^s  Annalen,  clxxx.  246). 

CO[CH(CH«)»p.    See  Peopyl  Kbtokes. 

Gladstone  found  in  this  oil  a  terpene  boiling  at  173^,  and  strongly 
dextrorotatory  (ii.  188).  Nietzki  (Arch.  Pharm.  [Sj,  iv.  317-324)  finds  in  addition  a 
resinous  substance  boilinff  above  230°,  and  an  oxidised  body  which,  after  purification 
by  combination  with  sulphuretted  hydrogen,  washing  the  crystjdline  product  with 
alcohol,  pressing,  and  decomposition  by  caustic  potash  solution,  boils  at  228^-229^, 
and  appears  to  be  identiciu  with  carvol.  Moreover,  the  terpene  present  does  not 
appear  to  be  homogeneous,  as  it  does  not  distil  at  a  constant  temperature,  one  portion 
boiling  at  166^-160^,  and  another  at  176^.  Neither  specimen  appeared  to  be  abso- 
lutely free  from  oxidised  substances,  even  after  many  rectifications  over  sodium  :  the 
higher-boiling  terp«ie  resembled  oil  of  mace  in  odour,  the  lower  one  was  turpentine- 
likeJTprobably  terebene]. 

The  hiffher  terpene,  after  standing  for  some  months  in  contact  with  nitric  acid, 
alcohol,  and  water,  gave  oystals  melting  at  103^,  and  having  the  composition  of 
terpene  hydrate,  C'«H'«.3HK)  or  C"H"0».H«0.  With  hydrochloric  acid  gas  it 
gave  an  oily  hydrochloride,  C**H*'.HC1,  and  by  heating  for  twelve  hours  with  luilf  its 
weight  of  iodine  in  a  flask  with  inverted  condenser  it  produced  cymene  and  hydriodic 
aoi£  This  cymene  boiled  between  176^-180^,  and  yielded  on  oxidation  hy  nitric 
acid  a  substance  melting  at  176^,  and  having  the  properties  of  paratoluic  acid ;  with 
dichromate  of  potassium  and  sulphuric  add,  substances  recognised  qiialitatively  as 
terophthalic  and  acetic  acids  were  formed. 

BZMSSXVTXiXWa-BnPBAMXBB,    (OH"S0*)*NH.       See    MssittueicB' 

OOXPOUNOS. 


CSN»H«(C«H«.CH«)».    See  Toltl- 

COMPOUNDS. 

BIMaTBOJLTVBBVTIAIBTBAirB,  C»H>*0'  =  CH'(C«H«— 0-^  CH')' 
(£.  ter  Meer,  Deut.  Chem,  Ges,  Ber.  vii.  1 200).  This  compound  is  formed  on  adding  a  cooled 
mixture  of  26  grms.  anisol  and  280  grms.  glacial  acetic  acid,  to  a  mixture  of  60  grmb. 
anisol,  16  methylal,  and  280  glacial  acetic  acid,  the  liquid  becoming  slightly  warm,  and 
acquiring  first  a  faint  reddish-violet,  and  then  a  blue-violet  colour.  The  mixture, 
alter  standing  for  twenty-four  hours,  is  neutralised  with  soda-ley  and  exhausted  with 
ether,  and  the  ethereal  solution  is  subjected  to  fractional  distillation,  the  portion 
passing  over  above  360^  being  collected  apart.  This  distillate,  which  solidifies  on 
eooltng,  is  dissolved  in  alcohol,  and  the  well'Cooled  solution  is  made  to  cryBtJilliM)  by 
dropping  into  it  a  ready-formed  crystal  of  the  compound. 

I^ethoxylphenylmethane  crystallises  in  small  white  rhombic  laminse  having  a 
fintty  lustre.  It  melts  at  62^  and  boils  at  a  temperature  above  the  boiling  point  of 
mercury.  It  dissolves  in  all  proportions  in  hot  alcohol,  easily  in  cold  ^cohol,  in 
glacial  acetic  acid,  ether,  and  benzene,  but  is  insoluble  in  water.  It  easily  forms 
Bopersatarated  aolntioDs.    It  dissolves  in  sulphuiic  add,  eB^^«c^a2l\^  \i  ^^aSVs  \vh^\a^« 
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with  a  fino  red  colour,  and  is  not  precipitated  from  the  iK>lutiou  by  water.    Fuming 
nitric  acid  acts  strongly  on  it,  forming  nitro-products. 

SnulTBTXiAllKIBOBanoIC  ACZB,  0*H«N(GH«)'.CO0H  (W.  HidiW. 
Deut.  Chem,  Ges.  Ber,  ix.  400).  The  chloride  corresponding  with  an  acid  of  this  cob- 
position,  is  obtained  by  the  action  of  carbonyl  chloride  on  dimethylaniline  at  ordiauj 
temperatures,  or  more  readily  at  60°  in  a  sealed  tube.  The  product  is  a  blue  mam 
traversed  by  crystals,  and  on  removing  the  excess  of  carbon^  chloride  by  a  stxeaa  of 
carbon  dioxide,  and  treating  the  remaining  mass  with  water.  dimethylamiaobenaQieanl 
separates  out,  and  may  be  freed  from  adhering  colouring  matter  \j  repeated  waiUij^ 
with  water,  and  further  purified  by  ciystallisation  from  not  alcohoL  Ita  fbrmatioB  ii 
represented  by  the  equations : 

C«H»N(CH«)*  +  C0C1«  =3  HCl  +  C^*N(CH»)«.COa 
C»H*N(CH»)».C0C1  +  H«0  -  HCl  +  C«H«N(CBP)*.COOH. 

The  acid  prepared  as  above  crystallises  in  short  broad  coloorleaa  needles,  melts  at 
253°,  dissolves  in  potash  as  well  as  in  hydrochloric  acid,  but  is  insoluble  in  aedic 
acid,  exhibiting  therefore  the  characteristic  properties  of  an  amido-add. 

The  same  add  is  produced  by  heating  for  tnree  hours  in  a  reflux  appaiatos  1  mel. 

Sara-amidobenzoic  acid  with  2  mols.  methyl  iodide  and  8  mols.  potaassium  hydrosidt 
issolved  in  methyl  alcohol.  It  therefore  belongs  to  the  para-seriea. 
Oriess  obtained  the  methylic  ether  of  an  isomeric  dimethyiamidobenxoic  acid  ly 
the  action  of  heat  on  the  metameric  compound  benzbetaine  or  trimethyl-amidobenne 
add,  C"H(CH*)*(NH9.C00H,  and  the  homologous  ether,  methylic  dimethyl-aaidD- 
anisate,  C*H*(OGH*)N(GH>)'.COOGH>,  in  like  manner  from  trimethyl-amidanisicadd, 
G«(OGH«)(CT^H*.GOOH  (2iui  Sufpl.  187,  188). 

snulTBnAJrzuarB.  G"H*N(GH>)'.    The  reactions  of  this  base  with  {boi. 

Shorus  trichloride,  bromine,  nitric  add,  nitrous  add,  and  mercuric  fulminate  sit 
escribed  at  p.  206. 
Dimethylaniline  heated  with  carbonyl  chloride  in  a  sealed  tabe  to  60^»  yidds,  u 
above  stated,  dimethyl-paramidobenzoic  chloride ;  but  at  higher  tempenttuzee  (129^ 
the  products  of  the  reaction  are  tetramethyl-diamidobenzophenone  and  hezmeChjItE^ 
amidodibenzoylbenzene : 

2G»H*N(0H«)«  +   GOa«  -  2Ha  +   C0<^^^q2IS 

3G-H*N(GH«)»  +   2G0C1»  =  4Ha  +  C«H«N(CH«)«<^q~^^|^^ 

The  former  of  these  which  constitutes  the  chief  portion  of  the  product  is  aoluUs  ia 
hydrochloric  add  ;  the  latter  insoluble  (Michler).    See  DiFHBim.  KBioma. 

Dimethylaniline  and  benzoyl  chloricU  heated  together  in  a  sealed  tube  to  IKf- 
180°,  or  boiled  together  for  several  hours  in  a  reflux  apparatus,  yield  a  cnrstslliis 
mass  from  which  ether  extracts  dimethylamidodibenzoylbensene  (HucUsrs. 
Dupertius,  Deut.  Chem.  Ges.  Ber.  ix.  1899) : 

0«H«N(GH«)«  +  2(G0— G«H»)C1  =  2Ha  +  OJB?N(OH*)*<32Zcw 

Dimethylaniline  heated  to  180°  with  perchtorometJume^  yields  a  earbotetradi- 
methylaniline,  G[G^«.N(GH>)']«,  and  when  heated  to  280<'  with  dUortt/ena.  s 
methenyl-tridimethylaniline,  GH[G»H<N(GH«)«]»  (0.  Fischer,  Detst.  " 
Gee.  Ber.  v.  1286). 

BmaTBTK  -  AVZ&ZVB  -  VBTBA&Bnr.  C*«H*«NH)* 


G«H*rGO.G«H*.N(GH«)«l»  (0.  Fischer,  Deut.  Chem.  Ges.  Ber.  ix.  17M;  x.  Wl). 
The  hvdrochloride  of  this  base  is  formed  by  the  action  of  phthalic  chloride  on  di- 
methylaniline : 

20«H»N(CH«)«  +   C«H*(COa)=»  -  HGl  +  Cm^CO.C*R\lf({CE*fyMCL 

0(1  bringing  the  two  bodies  together,  heat  is  evolved  and  the  mixtore  beoomsa  daik 
brown,  and  on  heating  it  ibr  a  short  time,  the  colour  changes  to  yellow-green,  a  violst 
effervescence  takes  place,  and  the  thickened  mass  becomes  dark  green,  ^le  rMftini 
is  accelerated  by  addition  of  small  quantities  of  zinc-dust.  After  the  frothing  is  Ofw, 
water  is  added  to  prevent  further  decomposition,  and  the  excess  of  dimethylaniliM  is 
distilled  off  with  &team.  The  residue  solidifies  on  cooling  to  a  resin  havins  a  leddish 
surface-shimmer,  and  may  be  triturated  to  a  dark  green  powder.  The  cnua  pradad, 
which  dissolves  easily  and  with  green  colour  in  alcohol,  wood-spirit,  chlorofina,  sad 
acetic  acid,  sparingly  in  water,  and  scarcely  at  all  in  ether,  is  purified  bj  boiliif  it 
several  times  with  ether,  dissolving  it  in  a  small  quantity  of  alcohol,  mixii^  the  lob' 
tion  with  water,  and  cnfB^aWmT^^  \]e\&  T«KQitv&^  ^ted^itate  from  ohlorofocm. 

DimethylaniUne-pVvt\\&\e\Ti  Vs  o\>\al\ii«^  vci  >()cvft  ^«^  t^aXi^Vs  ^S&s&  «fidaf»L  ^  ^^ofifiik^aL 
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the  hydrochloride,  and  separates  in  Uie  form  of  greenish-white  granules  which  become 
ooloorless  on  filtration,  but  green  again  when  dry.  It  is  also  formed  by  the  action  of 
dehydrating  agents  (zinc  chloride,  phosphoric  oxide,  &c.)  on  a  mixture  of  phtbalic 
oxide  and  dimethylaniline. 

The  monohydrochloride,  C'*H'*N-0'.HC1,  crystallises  in  small  needles  having  a 
greenish-yellow  lustre.  The  dihydrochUfride^  G^'H'*N'0'.2HC1,  is  obtained  as  a  yel- 
lowiah-red,  crystalline,  extremely  hygroscopic  precipitate,  when  dry  hydrogen  chloride 
is  passed  into  an  ethereal  solution  of  the  blewe  carefully  dried  with  calcium  chloride ; 
iIbo  by  dissolving  the  free  base  in  hydrochloric  acid.  When  heated  on  the  water- 
bath,  it  gives  off  hydrogen  chloride,  and  is  converted  into  the  green  monohydro- 
diloiride. 

A  pUUino-chhride,  2(C*«H>H)'N'.HCl).PtCl«,  is  obtained  as  a  blue-green  czystal- 
line  precipitate,  when  an  alcoholic  solution  of  platinic  chloride  is  added  to  an  alcoholic 
idution  of  the  green  hrdrochloride ;  but  when  a  solution  of  the  base  in  strong  hydro- 
chloric acid  is  added  to  an  alcoholic  solution  of  platinic  diloride,  the  salt 
C^'*NK>'.2HCl.PtCl^  is  obtained  as  a  yellow-red  ctystalline  precipitate  easily  solu- 
ble in  water,  sparingly  in  alcohol  and  ether. 

ThBpieraU,  0»<H"NK)*.C«H«(NO»)»OH.  obtained  like  the  platinum  salt,  is  a  dark 
green  precipitate.  A  yellow  picrate,  C»«H«*N«0».2C«H«(NOyOH,  is  formed  when  a 
lolutioQ  of  the  yellow  hydrochloride  is  added  to  aqueous  picric  acid.  Some  of  the 
other  salts  of  this  base  crystallise  well. 

Dimethylaniline-phthalein  heated  considerably  above  200^  with  melting  potash  is 
raeolved  into  dimethylaniline  and  phtbalic  add. 

A  hexnitro-derivatwe,  C*«H"(NO')«N<0>  is  formed  by  treating  the  phthalein  with 
hming  nitric  acid. 

-Avxiinra-psTHj 


c  n  «*u    =»  ^  ^  \CO.C«H*.N(CH»)« 

is  obtained  by  reduction  of  the  corresponding  phthalein  with  zinc-dust  and 
{laeial  acetic  acid,  and  purified  by  crystallisation  nrom  wood-spirit,  from  which  it 
leparates  in  crystalline  grains  easily  soluble  in  alcohol  and  ether.  The  pienfte, 
[:?«EP«N«0«.C«H^NO«)H)fl,  is  a  light  yellow  precipitate.  The  platinocMoHde  is 
learly  colourless  (Fischer,  Deut.  Chem,  Ges.  Ber.  x.  952). 

mOMlC  ACZB,  C*H«N(CH>)>.SO«H.  .  See 

C«H».CO.N(C^")«.    See  Bbotaihdb  (p.  156). 
C'»H'H)  =  C«HXCH«)— OHOH— C«H*(CH»). 


^  235. 


See  Bitoltl-Cabbihol. 

llIlCBTKTXi^aWKOVBBWOarB,     C"H>'0  »  C*HXGH*)~CO— O^HXCH'). 
See  BrroLTL  Kbtonx. 

]limTBT&.aa«STXi  CAXBXWOIh  C>*H>«0  »  HOC  I  [j^^'«]jsy  A  tertiary 

iloohol  obtained  by  treating  phenylacetyl  chloride  with  zino-methyl,  and  the  pro- 
inct  with  water,  just  as  trimethyl-carbinol  is  obtained  from  zinc-methyl  and  acetyl 
sUoride : 

C«H».OH«.COa   +  Zn(CH*)«  -  ZnO  +   ClOJ^^g^x 

«^d  C10J^™;g,H*)  +  ^^«  -  2^  +  SOc!S"c-H*) 

[t  ciystallises  in  long  needles,  melts  at  20^-22*',  and  boils  at  220^-230''  (Popofl^  Deut. 
Ckem.  Ges,  Ber.  viii.  768). 

•BZaTBT&AMMOariVM  lOBIBB.     See  EnnrLAMiifKS. 
lIBTBTXi-MBTBAVB,  G'H*«  ^  G(CH*)>(C*H»)*.    See  Hxp- 
TANSS  (2nd  Suppl.  643). 

BnKBTXn-BTBTl^ACBTZC  ACZB,  C(CH>)>(G<H>).GOOH.  See  Capboic 
icios  (p.  379). 


See  ErRTLAinirxs. 
CioH«*=.C«H*(CH«)»(C«H»).  SeeMEsiTY- 


UDTE,  HOMOLOOVES  OF. 


.,  (CH»)»(C«H»).COH,  TxBTiAHT  Amtl 
kLCOBOL,    See  Ui  Suppl,  lib ;  and  p.  81  of  this  volume. 
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N»(CH')*(0«H»y, 


vmKaii^YJiiBira-iyxvBsimi-DiJiJBXwa,  rt*{juii*jr\\rnry',  W^^n  to 
be  formed  when  aniline  is  gently  heated  with  excesn  of  methylene  iodide  (JiUi 
Lermontoff,  Deut.  Chem,  Gea,  Ber,  yi.  1255). 

BZMBTBTJb-BTOKAXZVB.    See  Hydrazines. 


ro&, 

C^H"0  «  (OH")».CH».CH(CH»)«.-COH.    See  Hbpttl  Alcohols. 


See  Hbztl  Alcohols. 


0&,   C«H»«0-(CH«yCH(CH7XX)E 


BZliniTBIIXi-XSOV&OP'SX-C ARBABUHB.  Syn.  with  DiACMKOUUiMtn 

(p.  631). 

BnaBTBIX-BKAXiOWZC   ACZB,  C>HXCH«)K)«.      ^hopyroUrUrk  mil 

See  Ptbotabtabic  acids. 


,C?H»N«0« « C3WN(CH»)[00(CH»)KH]H*!r. 

is  formed  by  tbe  action  of  alcoholic  ammonia  at  ordinary  temperatmee  on  diuM- 
irabanic  acid.  It  melts  at  225^,  and  is  but  dightly  soluble  in  alcohol  efm  tt  Us 
>iling  heat  (Menschutkin,  LUbi^s  Annalen,  dzxyiii.  201). 

Cm\CB.^H>^.    SeeOxAMiDa. 

ACZB.      SeePABABANIG  ACID. 


paral 
Doilii 


,  CH».C«H*.C«H*.CH».    SeeDnoLTL. 

BZMBTBT&-VBOBVBZVZO     ACZB,    PH(CH')'0* «  P0(0HXGH7.   Sn 

pHOSFHnnc  ACIDS  {2nd  Suppl.  956). 


ITBTZi.»BO»TXABVXBWB,  C'>Hi«=C<H*(GH*)XO'H^  SsellBBT- 

LSlfB,  HOMOLOOUSS  OF. 


or 
0«H»(OCH")».CO*H.    See  Dioxtbknzoic  acids  (p.  290). 

BZMBTBTXi-VirBPllltOBAjrTBZV.    See  PuBFUBOZAJCTHnr. 

BZMBTBTZi-TARTARZC  ACZB,  C"H>«0*  «  G^«(CH')K>'  (Boettiogtt;  Xbt 
Chem,  Gts.  Ber,  ix.  1064,  1621).  This  acid,  formed  by  treating  an  aleolialie  lohtiai 
of  pyruvic  acid  with  granulated  zinc  (and  a  little  hydrochloric  acid)  or  with  sise  dat 
is  related  to  pyruvic  acid  in  the  same  manner  as  pinacone  to  acetone  : 

CH«— CO— OH"  (CHVCOH— COH(OHT« 

Acetone. 


COOH  COOH    COOH 

CH«— 00  0H«— qOH)— C(OH)    CH« 

Pyravic  acid.  •  Dimethyl-tartazlo  add. 

The  zinc  salt  separates  during  the  reaction  in  the  form  of  a  white  substance,  psribd^ 
insoluble  in  cold  water,  while  zinc  lactate  remains  in  solution,  together  with  asolkr 
zinc  salt,  which  appears  to  belong  to  a  modified  pyruvic  add,  and  sepazstes  wImb  tli 
aqueous  solution  is  boiled. 

Dimethyltartaric  acid  is  bibasic.  The  acid  poiauium  boU,  which  is  aahydiQai^ 
dissolves  with  great  difficulty  in  cold  water  and  only  sparingly  in  hot  wster.  IVn 
the  hot  saturated  solution  it  separates  on  cooling  in  groups  of  hard  tzaospanttt  n- 
sided  plates.  The  neutral  potassium  salt  forms  anhydrous  needles,  much  moie  soliUi 
in  water  eitber  hot  or  cold  than  the  add  salt  Its  dilute  solution  forms  with  bsriiB 
chloride  a  precipitate  very  slightly  soluble  in  cold  water,  and  with  <^l<*itiTt  dbkiids  i 
precipitate  almost  insoluble  in  water.  By  very  gradually  mixing  the  nential  polai* 
sium  salt  with  barium  chloride,  a  barium  salt  is  formed  crystiulising  in  vosefete  cf 
prismatic  needles  containing  3^  mols.  water,  which  it  gives  off*  at  180^-800^»  Ik 
magnesium  salt  is  soluble.  The  netUral  copper  salt  is  sparingly  sduUe  in  vitei^ 
easily  soluble  in  dilute  acids  and  in  ammonia.  The  lead  salt  is  insoliiUe  in  witv. 
The  potassium  salt  fonns  a  precipitate  with  mercuric  chloride. 


BZMBTBTZi-TOZiTZiOXBTBTZiBBrBABKMOVZlJBK.     Sec   Ojoanusir 

TOLUiDiNRs,  under  ToLumnrR. 


See  PnuPiTBOxAXTHiK. 
See  Na^uthols. 


DINAPHTHYL-METHANB.  658 


The  numochlorinated  compound 
CHK71 — CH(C'*H')'  is  formed  by  the  action  of  strong  sulphuric  acid  on  a  mixture  of 
monochloraldehyde  and  naphthalene : 

2C"H«  +   CH«a— CHO  =  CH^a— OH(C'«H0*  +  H«0. 

When  subjected  to  dry  distillation  it  yields  a  non- solidifying  oil,  boiling  above  360°, 
and  apparently  consisting  of  dinaphthylethylene,  O^H*(C'*H')^.  With  bromine  it  yields 
a  viscid  oil,  the  formation  of  which  is  attended  with  evolution  of  hydrobromic  acid 
(Hepp,  Beut.  Chem.  Ges.  Ber.  vii.  1419). 

Dinaphihyl'trichlorethane,  C01*—CH(0"HO',  i«  produced  by  mixing  naph- 
thalene, chloral,  and  sulphuric  acid,  at  ordinary  temperatures,  and  keeping  the  mixture 
well  cooled.  It  then  solidifies  to  a  compact  mass  which,  when  washed  with  warm 
water,  splits  u]p  into  brittle  whitish  lumps.  It  melts  under  warm  water,  dissolves 
verv  sparingly  in  alcohol,  but  easily  in  ether,  and  on  mixing  the  ethereal  solution 
with  alcohol,  the  dinaphthyl-trichlorethane  gradually  crystollises  in  small  thick 
hexagonal  plates  (Grabowski,  ibid,  vi.  224). 

Dinaphthyl-diehlorethplene,  CC1>=C(C'•H')^  is  formed  by  boiling  dinaph- 
thvltrichlorethane  with  alcohobc  potash,  and  separates  from  solution  in  hot  aniline  in 

fointed  crystals.    It  is  slightly  soluble  in  chloroform,  carbon  sulphide,  and  benzene, 
ot  aniline  is  the  only  solvent  from  which  it  crystallises  well  (Ghrabowski,  loe.  cit.) 

»nrAyBTBT&-XBTOarB.  CO(C"'H')*.    See  Naphthtl  Ebtombs. 

SnTAVBTBTXiiMaTKAVB,  C>iH>* »  CH>(C>«H7  (Grabowski,  Deut.  Chem. 
Oes.  Ber.  vii.  1606).  This  compound  is  formed  by  the  action  of  sulphuric  acid  on  a 
mixture  of  naphthalene  and  methylal : 

2C'«H«  +   CH»(OCH«)»  -  2CH«0H  +  CH«(C"H7. 

As  the  action  is  apt  to  become  violent,  it  is  best  to  proceed  as  follows :  A  solution  of 
6  pts.  naphthalene  in  20  pts.  chloroform  is  mixed  with  1  ^.  methylal;  lOpts.  of 
strong  sidphoric  add  are  added  by  small  portions,  with  continual  cooling  and  brisk 
agitation  ;  and  the  mixture  is  left  for  twelve  hours  at  ordinarv  temperatures,  with 
frequent  agitation.  About  30  pts.  of  water  are  then  added ;  the  chloroform  is  distilled 
off;  the  residue  collected  on  a  cloth,  washed,  and  boiled  with  ether ;  the  product  which 
remains  on  distilling  off  the  ether  is  distilled  from  a  retort  till  the  temperature  rises 
above  300^ ;  after  which  the  retort  is  cooled,  and  the  black  pitchy  mass  is  further 
distilled  from  a  smaller  retort.  The  distillate  solidifies  in  contact  with  alcohol  to  a 
crystalline  mass  which  is  reciystallised  from  alcohol.  At  the  first  crystallisation,  a 
brown  oil  is  deposited,  from  which  the  clear  solution  must  be  decanted,  a  quicker 
purification  being  thus  obtained.  The  yield  of  dimethyl-methane  is  not  quite  equal  to 
the  quantity  of  methylal  employed. 

Dinaphthyl-methane  crystaUises  from  alcohol  in  short  colourless  prisms,  melts  at 
109®,  distils  without  decomposition  above  360°,  and  appears  to  be  capable  of  with- 
standing a  considerable  temperature,  inasmuch  as  the  oily  mass  deposited  in  the  first 
crystallisation  yields,  when  passed  through  a  red-hot  tube  filled  with  pumice,  a  con- 
siderable additional  quantity  of  dinaphthyl-methane.  The  compound  is  very  soluble 
in  ether,  chloroform,  and  benzene,  and  dissolves  in  about  16  pts.  <a  boiling  and  120  pts. 
of  eold  alodhoL  It  remains  almost  unaltered  when  heated  with  chromic  acid  mixture 
even  for  twenty  hours.  Fuming  sulphuric  acid  converts  it  into  a  snlpho-acdd.  It  is 
easily  nitrated  by  nitric  add  even  at  ordinary  strength. 

l)ibroinodinaphthylfnethane,C*^B}*BT',  is  produced  by  adding  2  mols. 
bromine  to  an  etnereal  solution  of  1  moL  dinaphthyl-methane  cooled  with 
water.  The  crude  product  is  washed,  first  with  cold,  then  with  hot  alcohol,  and 
erystallised  from  a  small  quantity  of  benzene.  In  operating  with  small  quantities, 
however,  it  is  best,  after  aissolving  the  product  in  benzene  to  add  about  half  the 
quantity  of  alcohol.  The  compound  crystallises  frt)m  the  mixture  of  alcohol  and 
benzene  in  warty  groups  of  short  colourless  needles,  melts  at  190°,  and  partly  decom- 
poses when  distilled.  It  is  somewhat  sparingly  soluble  in  ether,  benzene,  and  chloro- 
form, much  more  freely  in  alcohol.  It  is  not  altered  by  b6iling  with  alcoholic  potash 
(Grabowski). 

r«iran»«rodtiitfj)A<*y/«tfac««,C»H>«(NO*)«-— Dinajphthyhnethanedissolvee 
very  quickly  in  10  pts.  of  faming  nitric  acid,  and  the  solution,  after  ten  or  twelve 
hours,  deposits  the  tetranitro-compound  in  small  rhombic  nearly  colourless  crystals, 
which  may  be  purified  by  washing,  and  boiling  with  alcohol  and  gladal  acetic  add. 
It  acquires  a  golden  yeuow  colour  by  exposure  to  light,  melts  at  260°-270°  without 
perceptible  decomposition  and  detonates  sb'ghtly  at  a  higher  temperature.  It  is  nearly 
insoluble  in  alcohol,  ether,  chloroform,  benzene,  and  gladal  acetic  acid,  but  dissolves  with 
moderate  fadlitjr  in  aniline  (Grabowski). 
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Dinaphthf/lmethane-pioric  acid,  CiHi*.20^^NO>)>OH,  is  obUinad  by 
dissolving  1  mol.  dinaphthylmethane  and  2  mols.  picric  acid,  each  in  the  mialleit 
possible  quantity  of  chloroform,  and  mixing  the  two  solutions.  The  liquid  on  cooKb^ 
deposits  the  acid  in  reddish-yellow  prisms,  which  must  be  washed  with  chlorofom. 
It  melts  at  142°-143°,  detonates  slightly  when  heated,  and  is  easily  decompo5«eii  hj 
alkalis  (Grabowski). 

BnrAB.  On  the  so-called  <  Plastic  Dinas  Crystal/  see  Bischoff  {DmgL  pol,  J. 
ecxzi.  345 ;  Chem,  Soc.  Jour.  1877,  i.  354). 

BnrZTROBTBTlUC  AOZB,  C>H«NK)2.  ^his  acid,  discoyered  by  FrankUod 
(iy.  61),  has  been  fiirther  examined  by  Zuckschweidt  (Deut.  Chem,  Ge$.  Ber,  yii  291 ; 
Liebi^a  Annalen,  dxxiy.  302).  The  zinc  salt  was  prepared  by  a  method  MMntiallj 
the  same  as  that  of  Frankland,  but  without  the  use  of  a  high-pressure  spparatu. 
Zinc-ethyl  mixed  with  ether  was  introduced  into  a  small  flask  filled  with  dry  mtrogM 
dioxide,  and  connected  by  a  series  of  drying  tubes  with  a  pas-holder  containing  the 
same  gas.  The  contents  of  the  flask,  consisting  of  a  white  crystalline  mass,  wot 
then  gradually  decomposed  by  water,  and  when  the  eyolution  of  the  ethane  thotby 
produced  had  ceased,  the  solution  was  completely  precipitated  by  cftrbonic  add,  after 
wards  boiled  for  a  short  time,  filtered,  evaporated  oyer  the  water-bath,  and  the  midw 
dried  over  sulphuric  acid. 

The  zinc -salt  thus  obtained  has  the  composition  : 


A< 


1 


C*H>«ZnN«0*  +  H«0  -    I   >0  OC  I    4    BPO, 

^0— Zn 

and  fonns  large,  colourless,  well-defined  thick  prismatic  crystals  belonging  to  tbe 
orthorhombic  system.  Their  mode  of  formation  is  represented  by  the  foUovi^g 
equations : 

I.     Zn(C«H«)«   +   N«0«   =     I 

>--Zn— 0«H« 

n.      I  >0  +  H«0  »  C«H«  + 

\0_Zn— C^H*  ^O— Zn— OH 

.CH*  >C"H»  C*H»v 

N<  >N 

+   C02  =  ZnOO"  +    I  No  O^l    +  HH). 

^0— ZnOH"'  \o— Zn— <K^ 

The  zinc  salt  was  reduced  in  a  capacious  vessel  by  nascent  hydroj^en,  eyolred 
from  sodium-amalgam  and  water,  or  from  a  mixture  of  finely  divided  iron,  sine;  aad 
dilute  aqueous  potash ;  the  evolved  gases  and  vapours  were  absorbed  by  hydrochkiie 
acid  ;  the  solution  freed  from  excess  of  the  latter  by  evaporation  on  the  water-bath; 
and  the  dried  salts  were  exhausted  with  a  mixture  of  absolute  alcohol  and  a  snail 
quantity  of  ether.  The  residue  thus  obtained  consisted  of  ammonium  chloride,  aad 
Uie  solution  contained  ethylamine.  The  action  of  nascent  hydrogen  on  the  siiie  nit 
may  therefore  be  represented  by  the  equation  : 

Zn(C*H*N«Oy  +  8H«  -  Zn(OH)«  +   2NH»  +   2(C»H».NH?)   +   2HH). 

and  the  products  show  that  in  dinitroethylic  acid,  the  alcohol-residue  is  in  diftet 
combination  with  the  nitrogen,  as  represented  in  the  constitutional  fonnula  abofi 
given. 

BIOSZTB.  The  following  analyses  of  the  rock  have  lately  been  pfobliihed : 
1.  Diorite  from  Oympie  in  Queensland,  containing  hornblende,  plagiodaae,  and  ortho- 
clase,  with  small  quantities  of  mica  and  iron  pyrites :  a.  Total  constituents ;  6.  Solsbfe 
in  hydrochloric  acid  (64*776  per  cent.) ;  c.  Insoluble  in  hydrocnloric  acid  (45*225  ps 
cent^  The  quartz  veins  of  this  rock  are  rich  in  gold  (Daintree,  GeUn  Soc.  Q.  J. 
xxviii.  271).  2 — 6.  Diorites  £rom  the  Baden  Black  Forest  (Vogelgesanff,  Jahu^.f. 
Chem.  1878»  I^IIV  ^-  ^^t93DKx\^  di^vn'c^U's  mixed  diorite  from  the  Willmsndobil 
near  OberglottettiiaV.    ^.  BXaX'^ »  ^JlybXawcxX's  micaceous  AvjtVU  ^T^\s^.'<^v>^'^^^f^Sa^ 
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St.  Peter.  4.  Bed  green-speckled  diorite-aphanUe  from  the  pit  at  St.  Margen. 
5.  Dark  aphanite-slaU  from  the  Tafelbiihl  at  Yach.  6.  Quartrifirous  diarite  oontain- 
ing  a  small  quantity  of  orthoclase  with  much  plagioclase,  mica,  hornblende  and  quartz, 
fr^m  the  Pauli  Thai  in  the  Bannat  (Niedzwiecki,  Jahresb.  1873,  1218). 
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On  the  Diorites  of  the  Ehienberg  near  Ilmenau  and  their  constituent  minerals, 
8(^e  £.  £.  Schmid  (Jakrb,/.  Min.  1876,  136 ;  Jakretb,/.  Chtm.  1876,  1287). 

On  the  Dioritea  of  Minnesota,  see  Streng  a.  Kloos  (Jahrb.  f.  Min.  1877,  113-188  ; 
CAefu,  8oc.  Jour.  1877,  ii.  721). 

EOCXBST&AMZra.     See  Tolutdikbs. 
TOIiUlOlMJU.    See  Toluioikks. 
See  Ikdol. 

See  Adipic  acid  {2vd  Suppl,  29). 
Ons.    See  Anthraquixomk  (pp.  100-109). 
See  Phrkols. 
BIOJLTBSnXVa-BIBVXiVBOWZC     ACZB,     C«H*(OH)>(SO«H)*.       See 

BKHZBtrSDIBULFHOiaC  ACID  (p.  258). 

BXOJnraSVXOXC  AOZBS.  C*H*(0H)'.C00H  (pp.  288-292). 
BXOJL I  BUT  I MXC  AOZB,  C^H'O*.    See  Oxtbtjttbic  acids. 
BXOJLTOXVOBOWXBnm,  C**H*«N*0>.    See  OmcHOiriDnni  (p.  487). 
BXOZTKA&BZO  AOZB.    See  Mai^c  acid. 

See  MALomc  acid. 
>•    See  Kaphthauenu. 
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BZO 

BZo; 


BZOXT»HXMTXaTSTUnnD,C>«HK)'«GH^=0(C'H«.0H)'  (E.  ter  Meer, 
Ikut,  Chem,  Gts,  Ber.  vii.  1200).  This  compound  is  formed  by  boiling  an  alcoholic  solu- 
tion of  dioinrphenyltrichlorethane  (^i/ra)  with  zinc-dust.  The  product,  which  is  usually 
free  from  chlorine  after  twenty-four  hours*  boiling,  is  filtered  from  zinc,  the  zinc  boiled 
with  alcohol  to  extract  the  remainder,  the  greater  part  of  the  alcohol  distilled  ofi^ 
the  brown  product  poured  into  water,  and  the  resulting  precipitate  crystallised  from 
glacial  acetic  acid. 

Diozyphenylethylene  forms  small  white  crystals  which  melt  at  280^  with  partial 
decomposition.  It  is  easily  soluble  in  alcohol,  ether,  and  hot  glacial  acetic  acid,  less 
•oinble  in  benzene,  sparingly  in  carbon  disulphide.  It  dissolves  also  in  dilute  potash- 
ley,  and  the  solution  when  evaporated  leaves  crystals  of  the  potassium  compound. 

Diaeetyl'diaxyphenyleihyUne,  CH»=:C(C«H*.O.C*H«0)«,  is  formed  by  boiling  dioxy- 
phenylethene  with  acetic  anhydride.  It  is  somewhat  sparingly  soluble  in  hot  alcohol, 
«<ther,  benzene,  glacial  acetic  acid,  and  acetone,  nearly  insoluble  in  cold  alcohol,  and 
melts  at  213°. 
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BIO JLYPBBarriiTRZCBXiOmBTBAirB*  G'^H^CIH)'  =  GC1*.CH(OH«.OH]F 

(ter  Meer,  loc.  cit.)  This  componnd  is  prepared  by  the  action  of  snlphiixic  add  od  a 
mixture  of  phenol  and  chloral : 

2(C«H*.0H)  +   CCl«.CHO  =»  H»0  +   CC1«— CHCC'H'.OHy. 

A  mixture  of  2  mols.  phenol  and  I  mol.  chloral  coolod  with  iced  watar,  ia  trtated  vith 
an  equal  volume  of  a  mixture  of  3  vols,  sulphuric  acid  and  1  mol.  glacial  aeetie  add; 
t  he  mixture  is  taken  out  of  the  iced  water ;  and  as  soon  aa  it  beocnneB  wana  aad  nd 
and  a  strong  reaction  is  set  up,  it  is  stirred  into  a  large  quantity  of  oold  water.  The 
viscid,  red,  or  violet  mass  thereby  separated,  which  becomes  solid  after  washing  aad 
sovoral  davs'  contact  with  water,  is  digested  with  water  on  the  water-bath  tiU  the 
odour  of  phenol  disappears,  then  crystallised  from  a  mixture  of  benzene  and  aleobol, 
and  the  crystals  thereby  separated  are  washed  with  cold  benaene. 

Dioxyphenyltrichlorethane  forma  small  white  ciystala,  melta  with  deeompodtiQe 
at  202*^,  dissolves  easily  in  alcohol,  ether,  gladal  acetic  add,  hot  benaane  and  talnm^ 
sparingly  in  cold  benzene.  Boiling  alcoholic  potash  solution  diaaolTaa  it  wUh  nd 
colour  and  separation  of  potassium  chloride,  and  adds  added  to  the  solution  tJmv 
down  a  red  greasy  product.  Dioxyphenyltrichlorethane  is  deoompoaed  by  hesting 
with  sulphuric  acid,  and  is  easily  nitrated  by  nitric  add. 

Diacetyl'dioTyphenyltrichlorethane,  CCl"— CH(OH*— O— C*fl«0)*,  formed  by  bdl- 
ing  the  preceding  compound  with  acetic  anhydride,  crystallises  ^m  alcohol  in  raditt« 
groups  of  small  needles  which  melt  at  1 38°  (ter  Meer). 

BIOZTBBTXSTan,  C"H>«OS  is  one  of  the  products  formed  by  oxidation  of 

retene  with  chromic  add.  Fuming  sulphuric  acid  converts  it  into  a  aolpho-add  whick 
forms  well-defined  salts  (Ekstrand,  Bull.  8oo.  (Mm,  [2],  xxir.  55). 

BIOBTTBTBKT&-BTBAVB,  G»H'«6*-GH>— OH(0»H>K)H)*  (£.  Jigg, 
Chem,  8oc.  J.  1877,  i.  262 ;  A.  Steiner,  Deut,  Ckm.  Ges.  Ber,  xi.  287).  Thia  eoa- 
pound  it  obtained:  I.  Together  with  dioxythymylethylene,  by  heating  diooqrthyB^ 
trichlorethane  («ffpra)  with  zinc-dust.  By  boiling  the  alcoholic  adlntion  ol  tb 
chlorine-compound  with  zinc-dust,  then  distilling  off  the  alcohol,  and  jpoaing  tb 
viscid  residue  into  water,  a  white  glutinous  mass  ia  obtained,  which  quickly  MlidilM 
and  turns  red  in  contact  with  the  air :  and  on  washing  this  masa  vith  Tuy  cold 
glacial  acetic  acid,  there  remains  a  white  residue  which,  after  several  recryataUimtiaBi^ 
is  obtained  in  small  cubes  having  nearly  the  compodtion  of  a  compound  of  diny* 
thymylethane  with  1  mol.  acetic  add,  C"H**O^C'H*0^.  On  heating  thia  compeuai 
to  138^-140°,  the  whole  of  the  acetic  add  is  driven  off  and  dioxythvmylethane  tmmm 
behind.  The  mother-liquors  of  the  several  crystallisations  yield  dioxythymyletiijdaM 
(Jager).  2.  By  adding  a  mixture  of  chloroform  and  stannic  chloride  to  a  weU-eoolid 
mixture  of  thymol  (50  pts.  by  weight),  and  para-aldehyde  (10  pta.  by  weight).  Hm 
yellow  viscous  mass  so  obtained  is  freed  from  thymol  by  diatilling  in  a  eomat  of 
steam ;  and  by  crjrstallising  the  solid  residue  from  hot  benzene,  dioxythymylethuM  is 
obtained  in  the  form  of  small  white  needles  (Steiner). 

Dioxythymylethane  crystallises  from  alcohol  in  large  platea  which  aJBoresce  oa 
exposure  to  the  air.  It  melts  at  185^  (Steiner) ;  at  180^  (J&ger) ;  ia  eaaily  aolahle  in 
cold  alcohol,  methyl  alcohol,  ether,  and  chloroform,  less  easily  in  oold  ****nTffw.  aad 
almost  insoluble  in  boiling  petroleum-ether.  It  distils  without  deoompoution ;  dis- 
solves more  eadly  in  hot  caustic  potash  than  in  oold,  and  ia  predpitated  from  tfak 
solution  by  acids  (Steiner). 

heating  dioxythymylethane  and  acetic  anhydride  at  160^-170  for  aereral  cu^  It 
crystallises  from  alcohol  in  small  colourless  needles  meltinff  at  100^,  and  may  bt  dis- 
tilled without  decomposition ;  dissolves  easily  in  cold  alo^ol,  ether,  acetone,  chkn- 
form,  and  benzene,  aLso  in  hot  petroleum  ether,  but  is  insoluble  in  water  (Steiner). 

DibenzoyldioxythfjmuUthane,  C"H"0«»CH«— CH(Ci«H»(>CrH*0)*,  ia  prepand  \^ 
heating  dioxyth^rmylethane  and  benzoyl  chloride  for  several  hours  at  160^.  It  cm* 
tallises  from  boiling  alcohol  in  colourless  needles  which  melt  at  191^ ;  diaaolvee  eawf 
in  chloroform,  in  hot  alcohol,  ether,  and  acetone,  less  easily  in  cold;  distila  withatt 
decomposition  (Steiner). 

Dietkyldioxythymylethane,  C^H^O' = CB*-'CR(G^*R^H)(?R^)\  ia  formed  by  hMft> 
ing  on  a  water-bath  an  alcoholic  solution  of  dioxyUiymylethane  with  the  ^^htri 
quantities  of  ethyl  iodide  and  potassium  hydrate  in  a  flask  connected  with  a  i«T«Md 
condenser.  It  cxystalliaes  from  alcohol  in  tufts  of  needles  which  melt  at  72^ ;  at  IM^ 
thaaa  emtala  mre  np  the  alcohol  of  crystallisation  they  contain,  and  form  a  iwam 
maaa  whioh  aolidiflfle  Anally  to  a  porcelain-like  mass.  The  componnd  ia  iMnfaM^  ti 
■mQj  idluYi^,  how«?«s,  Vik  «XcA>[io\,  ^X^Visc,  ^ViAsn^foTm.^  acetone,  petroleiiai-e(h«, 
gd^jMooha(,aiUA]ittV 
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PiazTthjinylethane  and  the  diaoetyl-compoimd  yield  thymoqiimone  when  oxidised 
by  a  mixture  of  manganese  dioxide  and  solphuric  add,  (Steiner). 

Dioxf/thymyltrichlorethane,  CoH^aW-OCl'— CH(C"H>*OHy,  is  ob- 
tained  by  dissolvmg  1  mol.  chloral  in  2  mols.  thymol,  and  gradnally  stirrinff  into  the 
well-oooled  solution  from  4  to  5  times  its  amount  of  strong  sulphuric  acid  ^uted  with 
a  third  of  its  volume  of  glacial  acetic  acid.  The  liquid  then  gpradually  deposits  a 
white  resinous  mass,  which  in  contact  with  water  soon  becomes  solid  and  granular. 
The  well-washed  product  is  boiled  with  water,  if  necessary,  with  the  aid  of  superheated 
steam,  till  it  no  longer  smells  of  thymol,  then  crystallised  several  times  firom  alcohol, 
whereby  spicular  monodinic  crystals  are  obtained,  consisting  of  a  compound  of  dioxy- 
thymyltrichlorethane  with  1  mol.  alcohol,  C«H"C1"0*.C«H«6. 

Diozythymyltrichlorethane  is  easily  soluble  in  alcohol,  ether,  acetone,  and  wood- 
spirit,  insoluble  in  water  and  in  cold  dilute  potash  solution,  but  is  blackened  and  de- 
composed by  potash  in  warm  or  concentrated  solution.  With  nitric  acid  it  fonns  a 
nitro-compound  difficult  to  purify  by  recrystallisation.  The  two  hydroxyls  in  the 
eompouna  are  easily  replaced  by  the  action  of  acetic  ai^ydride  or  bensoyl  chloride. 
By  heating  with  sine-dust  it  is  reduced,  as  already  observed,  todioxythymylethane  and 
dioxythymylethylene  (Jiiger,  DetU.  Ckem,  Ges,  Ber,  vii.  1197). 

BXOJLTTVmrXJITBTXJnnm  C»H»0>  »  (C'«H».0H)>C=:GH<,  is  formed,  to- 
gether  with  dioxythymylethane,  by  heating  dioxythymyltrichlorethane  with  zinc-dust, 
and  may  be  obtained  pure  by  repeated  fractional  crystallisation  from  the  mother- 
liquors  of  dioxythymylethane,  and  especially  from  the  acetic  acid  with  which 
the  crude  product  has  been  washed.  It  forms  needle-shaped  crystals  meltinff  at  170^- 
171^,  easily  altered  bv  light,  rather  more  soluble  in  the  usual  solvents  than  Uie  ethane- 
compound,  but^  like  the  latter,  it  is  quite  insoluble  in  water. 

Weak  oxidising  agents  exert  a  most  remarkable  action  on  this  body.  Its  alcoholic 
solution,  treated  with  potassium  fiBrricyanide,  yields  green  czystals  which  have  the 
composition  C**H*K)\  melt  at  214^-215^,  and  resist  the  action  of  nearly  all  solvents 
except  toluene  and  chloroform,  from  which  they  may  be  reciystallised,  though  with  con- 
siderable loss. 

I^  before  adding  the  ferricyanide,  the  solution  is  rendered  alkaline  with  a  small 
quantity  of  sodium  carbonate  or  ammonia,  the  green  crystal^  are  no  lonser  formed, 
but  a  red  flocculent  predpitate  fidls  down ;  and  this  wh^  dissolved  in  chloroform  is 
deposited  in  the  form  of  dark  red  crystals  having  the  oompodtion  0**H**0',  melting  to 
a  Drown  liquid  at  215^,  eadly  soluble  in  chlorofbrm,  but  nearly  insoluble  in  all  other 
solvents,  and  easily  decomposed  by  acids  and  alkalis,  even  when  veiy  dilute. 

A  mixture  of  ddox^ymylethylene  and  the  red  czystals,  dissolved  in  chloroform, 
depodts  on  evaporation  the  green  needles  above  described.  Hence,  and  from  the 
formula,  it  appears  that  dioxythymylethylene  and  the  two  products  of  its  oxidation 
are  related  to  one  another  in  the  same  manner  as  hydroqmnone,  quinone,  and  quin- 
hydrone ;  the  red  crystals  may  therefore  be  called  dioxythymylquinonethylene, 
and  the  green  crystals  dioxythymylquinhydronethylene: 

Hydroquinone.  Diozythyinylethylene. 


C-H<g 


\0H  ^^^=^W3"H»«0H 


Qalnhydrame.  Dtoxythymylqnlnhydronethylene 

C«H«^  H'C=C<0»i.'^ 

Qolnone.  DioxythymylqidiKmethylene. 

The  quinone  can  be  easily  reduced  to  dioxythymylethylene  by  sulphurous  add  in  the 
cold,  if  suspended  in  the  original  flocculent  state  in  alcohol,  but  when  once  crystallised, 
it  requires  Doiling  in  order  to  dissolve  it.  At  a  temperature  of  100*^,  however,  the 
sulphuric  add  formed  by  the  reaction  proves  sufficient  to  effi»ct  the  partial  decom- 
position of  die  substance,  and  only  a  small  quantity  of  dioxythymylethylene  is  formed, 
together  with  a  large  quantity  of  a  resinous  matter.  A  better  method,  however,  is 
to  reduce  Uie  quinone  with  dno-dust  and  acetic  add,  as  in  this  way  the  formation  of 
zcsinous  matter  is  avoided. 

By  means  of  this  reaction  pure  dioxjrthylmylethylene  can  eadly  be  produced.  It  is 
anfy  necsBBary  to  treat  the  impnre  mixture  of  ^ox^ym^\cA3K;}\fiix<b  «cA  ^vol^^^s^k^^V 
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ethane,  obtained  by  the  action  of  zinc-dnst  on  dioxythymyltrichlorethane,  with  v«k 
oxidising  agents,  which  act  only  on  the  ethylene-componnd,  and  oonrert  it  ioco  ck 
insoluble  quinhydrone,  which  is  then  again  reduced  as  above  deacxibed  (Jiigcr). 

See  DiFHaifTL. 


1.   CO(NC«H«CLH)»,  is  feend 

as  a  secondaiy  product  in  the  preparation  of  paracmorophenyl-thiocartiB^ 
CS(N.O'H^Cl),  by  the  action  of  phosphorus  anhydride,  or  of  iodine,  on  the  ccrMp^ 
ing  thiocarbamido  (infray  It  crystallises  only  from  glacial  acetic  acid,  acd  t:a 
forms  long  needles.  It  dissolves  apparently  without  alteration  in  strong  lol^^ 
acid,  and  volatilises  without  previous  fusion  at  270°,  being  partly  decompoied  a:  ibi 
same  time  (Beilstein  a.  Kurbatow,  Liebk^s  Annalen,  cIzxtI.  46). 

Dipamchlorophenyl'thiocarbamide,  CS(N0'HK31.H)',  is  formed  bj  prolom«d  b» 
ing  of  parachloraniline  with  carbon  disulphide  and  absolnte  alcohol.  It  mnaibs 
in  needles  melting  at  168°  (Beilstein  a.  Eurbatow). 

BIPAKACKBBT&ABKZVB.     See  ToLVmims. 


BIPASAPIcntT&AMXra.     See  NrrRAKiLiKBa    under   BiszBres,  Ai» 

(p.  199). 

BIPBavzc  ACIB,  C*«H>*0<  =  OH«.CO>H~Cna«.CO*H.  This  acid.  pnM 
by  oxidation  of  phenanthrene-quinone,  has  been  already  described  (2nd  S^ppL  IM^ 
Ethylic  Diphcnate,  C«H«(CO«C«H*)«,  is  prepared  by  treating  a  solution  of  thr  aedi 
absolute  alcohol  with  hydrochloric  acid,  and  precipitating  with  water.  The  <ih( 
purified  in  the  ordinary  way,  is  a  heavy  limpid  liqnid,  partially  decomposed  b^  djb- 
lation,  not  decomposed  by  boiling  with  water  (0»termayer,  Deut.  Ckem.  Gts.  Btr  ii 
1091). 

])  thro  mod  iphenioaeid,  G^^H'Br^O^  it  produced  by  oxidising  dibxomopbM' 
throDoquinone  with  potassium  chromate  and  dilute  sulphnric  acid.  The  oxidatkn  is dof 
and  the  dibromodiphcnic  acid  separates  very  gradually  on  the  surface  of  th»  lif^nds 
the  form  of  a  nearly  whke  powder.  When  purified  by  solution  in  ammonia,  pnsp- 
tatii)n  with  hydrochloric  acid,  and  recrystallisation  from  alcohol,  it  fonns  sjb^i 
small  ciystals,  melting  at  295^^-296®,  nearly  insoluble  in  cold  water,  vexr  sjn^ 
Koluble  in  hot  water,  somewhat  soluble  in  alcohol  and  ether.  It  has  a  bitte  taa 
and  reacts  with  metallic  salts  like  diphenic  add.  The  barium  and  caldum  nhi  s» 
talliso  in  very  thin  scales,  slightly  soluble  in  water  and  in  alcohol  (QsterraiTcr  Ilk 
Chtm.  Ges.  Ber.  vii.  1091).  ' 

Dinitrodiphenic  acid,  C»*H«(N0«)«0«-C^«(NO»).CO«H— C«H»(NO«)-aa 
An  acid  of  this  composition  is  formed  by  the  action  of  powerful  oxidising  tgeSa  « 
dinitrophenanthraquinone.  It  is  a  white  powder,  slightly  soluble  in  ether  and  c  ^ 
water,  more  soluble  in  hot  water  and  in  alcohol.  Its  barium  gait,  C^*IL\SO'fO%* 
6  IPO,  forms  long  prismatic  cr}'stala ;  the  silver  salt  is  a  white  powder  (R.  SBpi 
Vnii,  Chem.  Ges,  Ber.  x.  76). 

JJiamidodiphenic  acid,  C»<H«(NH«)«0*=C«H«(NH«).CO'H— OH^NHTiOOa 
formed  by  the  action  of  reducing  agents  on  the  nitro-acid,  is  a  white  aoioiphv;upc«- 
dor  melting  at  260'='-251^.  It  is  but  slightly  soluble  in  the  oxdtnary  solreats,  tea 
ammonium  salt  is  very  soluble  in  water.  Its  hydrochloride  heated  with  toik^ 
yields  a  di ami do-di phenyl,  C'-H«(NH»)«,  which  melts  at  lS5*»-167o.  and  jtbe^ 
fore  isomeric  witli  benzidine  (ni.p.  118^).  This  diamidodi phenyl  forms  with  p>.-i-iitm 
ftrrk-yanide  a  blue  precipitate  insoluble  in  hot  water  and  in  acids,  and  giTcs  va 
chhrine-waier,  first  a  blue,  then  a  green,  and  finally  a  reddish-bzown  cxirr:! 
(.Struvo). 

(iriesH  obtJiInod  m/^/d-diamidodiphenic  acid,  (CO'H  :  KH'^l  :  3\  (c«wnst^ 
tiiLo  benzidine),  by  reduction  of  motazoxybonzoic  acid,  and  the  orCho-mudiAa&c.> 
the  action  of  ammonia  and  acetic  acid  on  tlio  hy«lrochloride  of  orthahydrasok-aaiiestt 
(p.  277).  The  structure  of  the  diamidodiphenic  acid  obtained  by  Struve  bai  yc  ^ 
exuetly  determined,  but  it  is  certainly  not  the  meta-modification. 

BIPBBWOXn  syn.  with  Dioxydiphenyl,  G*'H**0*bG^H)H CH<^fi  i* 

Dlpuknyl).    The  same  name  has  been  applied,  though  less  apxnoDziat^T  ta  Oi^i- 
phenyl,  C'«ll»»0  =  OH»— C«H*OH  {2nd  Suppl.  938).  ^         ^' 

C'^U"  =  C«H»— C«H».     Occurrence  and  FarmaHon.^J^ikar: !» 
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Dia,  ammoninm  cyanide,  and  free  carbon,  when  aeobenzene  is  passed  through  red-hot 
tubes  (Clans  a.  Snckert,  Dmt,  Chem,  Oes,  Ber.  yiii.  87). 

Preparation, — ^According  to  Q.  Schultz  (JAebi^s  AnnaUn,  clzziy.  201),  the  quan- 
tity of  diphenyl  obtained  by  Fittig's  method  (action  of  sodium  on  a  mixture  of  ben- 
zene and  bromobenzene,  iy.  409)  amounts  to  between  9  and  12*7  per  cent,  of  the 
benzene  used,  or  16*6  per  cent,  of  the  bromobenzene  decomposed.  A  better  yield  is 
obtained  by  Berthelot  s  method  of  passing  benzene  vapour  tluough  a  red-hot  tube 
list  Suppl.  918).  If  the  benzene  be  distilled  at  the  rate  of  100  to  200  grams  per 
hour,  through  an  iron  tube  heated  to  bright  redness,  but  not  to  an  intense  white  heat, 
the  yield  is  about  80  per  cent. 

When  diphenyl  is  prepared  by  Fittigfs  method,  a  high-boiling  thick  oil  containing 
bromine  is  ootained  as  bye-product.  On  standing,  long  white  needles  separate  out, 
consisting  of  0"H".  The  same  body,  which  melts  at  196^,  is  also  produced  by 
acting  on  the  oil  with  sodium. 

The  bye-products  contained  in  the  diphenyl  obtained  by  the  method  of  Berthelot  con- 
sist of  Bibelot's  chrysene,  beiuert/tkrene,  and  bitumene  ( Ui  Suppl.  26 1 ).  The  chrysene 
is  a  mixture  of  two  modifications  of  diphenylbenzene,  C"H**  (p.  666),  and  a  yellow  oil. 
The  production  of  the  former  may  be  explained  by  the  equation,  8C'H' = C"H*^  +  2H', 
or  else  hj  C^« + C'*H"  «  C'«H»*  +  H* ;  but  the  latter  equation  is  not  very  probable,  as 
only  an  insignificant  quantity  of  diphenylbenzene  is  ol:iained  by  passing  a  mixture  of 
benzene  and  diphenyl  through  a  red-hot  tube. 

H.  Lilddens  (Ber,  yiii.  870)  recommends  a  modification  of  Berthelot's  process, 
which  consists  in  jpassing  a  mixture  of  benzene  vapour  and  carbon  dioxide  through  an 
iron  tube  filled  with  fragments  of  pumice,  and  heated  to  bright  redness  in  an  ordi- 
nary ^  combustion  furnace ;  when  the  process  is  thus  conducted,  only  a  very  small 
quantity  of  charcoal  is  deposited  in  the  tube. 

Watson  Smith  {Chem.  She.  J.  1876,  ii.  80)  pejpares  diphenyl  by  passing  benzene- 
vapour  mixed  with  antimonious  or  stannic  dilonde  through  a  red-hot  tuhb  (see  also 
Aronheim,  Ber,  ix.  1878).    With  antimonioua  ehhride  the  reaction  is : 

6C«H«  +  2SbCl«  -  8b«  +  6HC1  +   30"H". 

By  repeating  the  distillation  several  times,  a  quantity  of  diphenyl  is  obtained,  much 
larger  than  that  which  results  from  the  use  of  benzene  alone,  but  still  considerably 
below  the  theoretical  amount.  With  stannio  chloride  the  two  following  reactions  take 
place: 

4G«H«  +  SnCl*  «  Sn  +  4HC1  +  2C"H»« 
and  4C«H«  +   2SnCl*  -  2SnCl«  +  4H01  +  20»«H» 

By  this  method  diphenyl  is  obtained  in  large  quantity,  and  is  found  in  the  receiver  in 
solid  cakes  consisting  of  a  mixture  of  diphenvl  with  stannous  chloride,  the  latter  of 
which  may  be  removed  by  hydrochloric  aad.  This  is  undoubtedly  the  quickest 
method  of  preparing  diphenyl. 

Diphenyl  may  also  be  prepared  by  heating  phenol  with  potassium  to  240^,  and 
precipitating  with  water : 

2C«H»0H  +  K«  -  2K0H  +  C»*H'«; 

or  by  decomposing  monobromobenzene  with  the  current  of  a  battery  of  two  Bunsen's 
elements,  the  positive  electrode  being  formed  of  sodium  or  zinc  (Gluistomanos,  Oaer. 
ehim.  ital.  1875,  402). 

Propertiee  and  l^eae^ttms.— Diphenyl  melts  at  69'6<',  and  boils  at  288*6°  (Christo- 
manos).  Heated  in  a  stream  of  chUyrine  in  presence  of  iodinet  it  is  converted  into  pe  r- 
chlordiphenyl, 0'*01"  (Buoff,  Ber.  ix.  1048).  Chlorine,  in  presence  of  SbCl»,  con- 
verts diphenyl  into  panushlorodiphenyl  and  paradichlorodiphenyl  (Kramers,  lAdn^e 
Amudent  clxxxix.  142).  A  mixture  dT  diphenyl  and  ethylene^  passed  into  the  state  of 
Tapour  through  a  red-hot  tube,  yields  a  mixture  of  b^azene,  dnnamene,  anthracene, 
and  phenanthrene,  togeUier  witii  unaltered  diphenyl  (Barbier,  Ann.  Ch.  Phya.  [6],  vii. 
632). 

SUBSTITUTIOK-DBBIVATITBS  OF  DiPHBXTL. 

Diphenyl,  subjected  to  the  action  of  halogens,  nitric  acid,  and  sulphuric  acid, 
yields  mono-  and  di-  substitution-derivatives.  In  the  former,  such  as  C**H*Br, 
C**H"(NO')i  C**H*(SO*H),  the  substituted  radicles  mostly  stand  to  the  \il&ce  of  yiue- 
tian  of  the  two  beoeeno-Duclm  in  the  para-position.    TYie  d\-d«n^nft.\^««  ve^Ysx^'vxiVoi 
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two  modifications,  the  most  frequent  being  those  in  which  both  the  mbstitated  s 
arc  in  the  para-position  relatively  to  the  point  of  junction  : 


Honobromodiphenyl  Nltx^teomoillpbaoyl 

(para).  (]MU»>p«ra). 

By  oxidation  with  chromic  anhydride,  the  monosubctituted  diphenyls  yield  pat- 
derivatives  of  benzoic  acid,  the  group  C^H^,  for  example,  being  oxidised  to  (1 :4) 
bromobenzoic  acid,  while  the  other  group  (OH*)  is  broken  up.  The  di-dsriiiiiii^ 
on  the  other  hand,  are  converted  by  oxidation  into  two  para-denvativea  of  benMJoai 
e.g.  C'H^O').C^'Br  into  j)-nitro  and|>-bromobenaoic  acid. 

G-.  Schultz  {Liehi^8  Annalen,  clxxiv.  201)  has  fbrther  examined  the  mono-dHi» 
tives  already  described  {2nd  Suppl.  087)*  toother  with  seTeml  di-derivativeB.  S«i 
of  these  compounds  have  also  been  examined  by  Osten  ^Deut.  CAngi.  Get.  Br.  n. 
170). 

Mono'derivaiives. 

BromodiplieDyl,  C*'H*Br>=C'H*-— C*H^r,  is  formed  by  adding  the  calr^ 
quantity  of  bromine  to  a  solution  of  dipbenyl  in  carbon  ralphide.  kept  cold  nadliki 
first  reaction  is  over,  and  then  heated  on  a  water-bath  as  lone  as  hydmbrooJe  loi 
escapes.  By  fractional  distillation  and  crystnllisation  from  lucohol  it  lb  iiyinfri 
from  unaltered  diphenyl  and  dibromodiphenyL  It  is  moderately  soluble  xa  dd 
alcohol,  more  freely  in  hot  alcohol  and  acetic  acid,  and  very  easily  in  eth«r.  oita 
sulphide,  ethyl  bromide,  and  benzene.  From  alcohol  it  czystallises  in  thin  pte 
melting  nt  89°,  boiling  at  310°,  and  smelling  like  oranges.  On  oxidising  itiilhi 
solution  of  chromic  trioxide  in  acetic  acid,  it  yields  parabromobenzoic  acid. 

Clilorodiplienylf  C^H'Cl,  is  obtained  by  distilling  diphenylfulphosx  ■! 
with  potash — whereby  it  is  converted  into  dioxydiphenyl  or  diphenol,  CH^OHJ^ 
and  hi'ating  the  latter  with  phosphorus  pentachloriae.  It  is  freely  soluble  xa  tkM 
and  ether,  and  forms  crystals  melting  at  75°  and  smelling  like  oranges.  By  oiidAi 
it  yields  parachlorobenzoic  acid. 

aritrodlplienyl,  G^^'NOS  is  prepared  by  boiling  6  pis.  of  the  hydvocutetil 

10  pts.  of  glacial  acetic  acid,  and  4  of  concentrated  nitric  acid,  or  by  trcadi^  l|lk 
of  diphenyl  with  3  of  the  acid  in  the  cold.  It  is  sparingly  soluble  in  cold,  awn  ti^ 
in  hot  alcohol,  and  cr}'stalli8es  in  long  needles,  melting  at  113^,  and  boiling  iSMf. 
On  oxidation  it  yields  paranitrobenzoic  acid,  and  by  reduction  it  is  conTcrted  iife 
para-amidodiphenyl,  C"H'NH^  Hofmann's  xenylamine  (Schultz).  Aeeordi^  > 
Liiddens  (Ber.  viii.  870)  the  process  above  described  yields  ortko'  as  wellai  s»*dl» 
diphenyl.  He  prepares  the  two  modifications  by  mixing  a  solution  oli5  p^ 
diphenyl  in  60  grams  of  glacial  acetic  acid,  heated  to  about  60'^,  with  a  sttZ^«i' 
mixture  of  48  grams  fuming  nitric  acid  and  48  grams  glacial  acetic  add.  IV  pa- 
modification  then  crystallises  out  first,  and  the  last  mother-liquor  contuni  sa^ 
siderable  quantity  of  the  ortho-compound.  The  latter  separates  at  winter  xa^ 
lature  from  an  alcoholic  solution  diluted  as  much  aa  possible  with  vitci  > 
light  yellow,  nearly  colourless  crystals,  which  graduallw  grow  to  modemtcly  W 
and  thick  plates  about  an  inch  long.    It  melts  at  37^  (Schultz). 

Aoetamldodiplienyl,  C"H'(NH.C>H*0),  obtained  bry  proloi^ad  boilisgtf ■ 
diphenyl  with  glacial  acetic  acid,  crystallises  in  long  nhitimg  needles  easily  ~  "^^ 
alcohol  and  melting  at  167°  (Schultz). 

CyanodlplienTl,  G"H'N  »  C<H»— C*H'(CN),  is  prepared  by  l«— »^«ir  n  i 
fixture  of  dry  potassium  diphenylmonosulphonate,  C*H*.CH\SO*K),  imh  db 


mixture  

cyanide  in  a  stream  of  dry  carbon  dioxide  ;'the  cjranodiphanyl  then  eondsMdf  Bi> 
cold  part  of  the  tube.  It  crystallises  from  alcohol  in  hard  eompaetOQloulaHflS^ 
is  insoluble  in  water,  dissolves  veiy  easily  in  alcohol  and  in  ctherTmslts  st  lr4fi 
and  volatilises  without  decomposition  (Doebner,  lAtbi^n  rfiwiiffn^  rf^^w  m^ 

Oxydlphenyl,  C"H'«0  =  C<H»— C^«(OH).    This  compound  is  IbiBsd  lyMi 
potassium  diphenylmonosulphonato  with  potash ;  and,  toother  with 
phenyldisulphonato,  by  the  action  of  heat  on  potassitmi   oxydipheni 
also  by  the  action  of  potassium  nitrite  on  the  moDoainidouphei_-_ 
crystallises  in  felt^  microscopic  needles,  melts  at  164**— 165^,  boils  wil 
sit  ion  at  305 --308%  and  volatilises  with  vapour  of  water  CLataehiaa 
(jM.  Ber,  vi.  193). 

Bensot/l-oxij d\pKeu^|\, O^^«Q7H.*0\0,  formed  by  the 
on  oxyd\p\vcinV,  cs^%Vvk^\«ft«  \&  <^c(tt^»X«^  Vsd^jia'wSS^ 
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152®  (not  at  182*^88  stated  in  2nd  Suppl.  938),  dissolTes  sparingly  iD  alcohol  and 
ether,  easily  in  boiling  benzene  containing  toluene. 

Nitro-oxydiphenyl8,C'm\lSO^)OB.  and  C"H»(NO«)*OH,  are  formed  by  genUy 
heating  3  pts.  of  oxydiphenyl  with  4  pts.  nitric  acid  of  sp.  gr.  1*2;  and  on  distilling 
the  product  with  water,  the  mononitro-comipovLnd  passes  oyer  alone.  It  crystallises  in 
lemon-yellow  prisms  or  laminse  with  re-entering  angles,  melts  at  67^,  sublimes  at 
110'',  and  dissolves  easily  in  alcohol  and  ether.  In  aqueous  alkaline  carbonates  it 
dissolves  without  evolution  of  carbon  dioxide,  forming  unstable  red  compounds,  which 
ID  drying,  and  partly  in  dissolving  in  water,  give  up  mononitro-oxydiphenyl.  From 
the  potassium-compound,  ether  extracts  the  nitro-oxydiphenyl  even  in  presence  of 
potassium  carbonate. 

Diniir<H)xydipheni/l,  G*'H'(NO')K)H,  crystallises  in  golden-;^ellow  laminss  or 
elongated  tables,  wnich  melt  at  154^,  and  dissolve  with  difficulty  in  alcohol,  ether, 
mud  benxene.  On  heating  the  coinpound  with  solution  of  potassium  carbonate,  a 
sparingly  soluble  potassium  salt,  C**U'(NO'}H)E  +  2HK),  is  formed,  which  crystallises 
in  annular  groups  of  laminsB  (Latschinoff ). 

Dirderivatives, 

IMbromodlplieiiyl,  CH^Br — CH^Br,  obtained  by  triturating  diphenyl  or 
mononitrodiphenyl  with  bromine  and  water,  is  a  liquid  which  boils  without  decompo- 
ntion  at  355^-360®,  and  has  a  pleasant  odour  of  oranges.  Dissolved  in  glacial  acetic 
add  and  oxidised  b^  chromic  acid,  it  yields  jMirabromobensoic  acid.  The  same  dibro- 
modiphenyl  is  obtained  by  heating  the  diasoperbromide  prepared  from  benzidine  or 
diamidodiphenyl,  which  has  its  two  amidogen-groups  in  the  nara-position  with  respect 
to  the  point  of  junction  (Ut  8uppl,  210) :  hence  it  follows  that  this  dibromodiphenyl 
is  also  a  para-para-compound. 

Bromonltrodiplienylf  C'H'BrNO',  is  obtained  by  heating  equal  parts  of 
bxomodiphenyl  and  concentrated  nitric  acid,  exhausting  the  crude  products  several 
times  with  boiling  alcohol,  and  crystallising  the  residue  from  toluene.  The  same 
compound  is  formed  by  boiling  diazonitrophenyl  perbromide  with  alcohoL  It  crys- 
tallises in  long  white  needles,  melting  at  173°,  and  boiling  above  860®.  On  oxidation 
it  yields  parabromobenzoic  acid  and  a  little  paranitrobenzoic  acid. 

iBobromoniirodiphenyl. — This  isomeride  is  formed,  together  with  the  preceding 
eompound.  It  is  readily  soluble  in  alcohol,  and  forms  fine  crystals,  meltinjg  at  65®, 
and  Doiling  at  about  860°.  The  same  compound  is  also  produced  by  treating  isodi- 
aionitrophenyl  perbromide  with  alcohol. 

lUiiltrodlplieByl,  C*'H"(NO^^  is  best  prepared  by  adding  6  pts.  of  concen- 
trated nitric  acid  and  1  pt.  of  sulphuric  acid  to  8  pts.  of  dii£enyf,  and  when  the 
Tiolent  reaction  is  over,  boiling  the  mixture  for  a  short  time.  The  crude  product  is 
exhausted  with  boiling  alcohol  to  remove  isodinitrodiphenyl.  The  pure  compound 
crystallises  in  needles,  melting  at  233*^,  and  not  at  213®,  as  Fittig  found  (iv.  410). 
It  is  soluble  in  hot  sulphuric  acid,  and  crystallises  again  on  cooling.  A  soiution  of 
chromic  trioxide  in  glaml  acetic  acid  does  not  oxidise  it,  and  may  be  used  for  purifi- 
cation, the  compound  separating  on  the  addition  of  water  as  a  pure  white  precipitate. 
By  the  action  of  hydrogen  sulphide  it  is  reduced  to  amidoniUrodiphmyl,  C'^H'^NO^NH', 
poesessinff  all  the  properties  of  Fittig's  compound,  with  the  exception  of  tJie  melting 
point,  which  was  found  to  be  198®,  instead  of  160°.  On  oxidation  it  yields  para- 
nitrobenzoic acid.  By  passing  nitrous  acid  into  a  mixture  of  amidonitrodiphenyl  and 
hydrochloric  add  cooled  by  snow,  until  all  is  dissolved,  and  then  adding  a  mixture 
of  bromine  and  hydrobromic  add,  a  perbromide  is  obtained  as  a  dark  red  predpitate, 
which  by  boiling  absolute  alcohol,  is  converted  into  the  bromonitrophenyl  melting  at 
178®.  Now  as  amidonitrodiphenyl  yields  paranitrobenzoic  acid,  and  the  correspond- 
ing bromonitrodiphenyl  yields  parabromobenzoic  acid,  it  follows  that  all  Uie  di- 
snbstitntion-products  at  diphenyl  which  are  not  distinguished  by  the  prefix  ito,  are 
dipara-  or  para-para-derivatives. 

When  the  action  of  the  hydrogen  sulphide  is  continued  for  some  time,  or  assisted 
by  heat,  the  (jhp)  dinitrodiphenyl  is  reduced  to  a  diamidodiphenyl, 
CTO«(NH*)— C«HXNH«),  identical  with  benzidine  (firom  azobenzene,  i.  544),  which 
ifl  therefore  also  a  (jp^)  derivatife. 

Benzidine  exhibits  tiie  following  characteristic  reactions : — potassium  permanga- 
nate colours  it  blue ;  chromic  add  converts  it  into  a  black  body ;  and  chlorine  con- 
verts these,  as  well  as  benzidine,  into  a  red  substance  having  the  appearance  of  ferric 
liydnite.  It  is  insoluble  in  water  and  adds,  and  \%  QOUV^Tlei  \idl\a  «si  ^^  Vj  csii<^\^- 
ing  it  with  potassium  dichromate  and  sulphuric  add. 
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Isodinitrodiphcnyl  may  bo  obtained  from  the  alcoholic  mother-liqnon  of  th«  fv^ 
ceding  compound,  and  crystallises  from  alcohol  in  long  colourless  needier,  niddos  at 
93*5°.  Like  its  isomeride,  it  may  be  purified  with  chromic  acid,  although  it  appua 
that  some  of  it  is  completely  oxidised  by  this  treatment. 

Isoamidonitrodiphenyl  is  produced  by  passing  hydrogen  sulphide  into  u  mixtuK  of 
the  dinitio-compound,  ammonium  sulphide,  and  alcohd.  It  is  almo6t  insoIuLle  ia 
water,  readily  in  alcohol,  and  crystallises  in  short  red  prisms  melting  at  97^-^6^ 
Its  hydrochloride,  C>2H*(N0^NH*,C1H,  czystallises  from  hot  water  in  loag.  vL-jt 
needles. 

By  reduction  with  tin  and  hydrochloric  add,  isoamidonitzodiphenjl  is  ccBTaud 
into  diphonyline.  C»2H"(NHV. 

The  parbromide  of  the  diazo-oompound  o/isoamidonitrodiphenyl,  yiddb  by  dceoc- 
position  a  bromonitrodiphenyl  identical  with  that  which  is  obtained  as  abore  frm 
bromodiphonyl  (m.p.  65^):  consequently  the  amido-group  in  isoamidonitropbo;! 
occupies  the  para-  position. 

Lihromodinitrodiphenyl,  G'^fBr'CNO^,  obUined  by  treating  dibrcnodi- 
phenyl  with  strong  nitric  susid,  crystallises  from  benzene  in  needles  melting  a£  U9 . 
It  is  not  attacked  by  chromic  acid  dissolved  in  glacial  acetic  acid,  bnt  is  r^aod  > 
tin  and  hydrochloric  acid  to  dibromodiamidodiphenyl,  C'^H'Br^XU^,  viLfi 
melts  at  89^,  and  is  converted  by  oxidation  with  chromic  acid  into  an  acid  otsUb- 
ing  bromine  and  nitrpgen,  and  melting  at  155°. 

Azo-DEBiYATrvES  OF  DiznTBODiPHEiTrL  (H.  Wald,  Deut,  CkefM.  Cres,  Ber.  x.  137^ 
\,  Paradinitroazoxydiphenyl^  C^^W^^O*, — ^This  compound  is  formed  ly  i 
action  of  sodiimi-amalgam  on  paradinitrodiphcnyl  suspended  in  alcohol,  and  in  puiM 
by  washing  it  successively  with  alcohol,  chloroform,  and  ether,  in  which  it  if  oeAriya- 
soluble,  dissolving  it  in  boiling  aniline ;  filtering ;  freeing  the  red  powder  which  K^paaas 
on  cooling  from  mother-liquor  by  means  of  the  filter-pump ;  and  finallr  wasbisg  vitk 
alcohol  and  ether,  and  drying.  It  forms  a  brick-red  crystalline  'pnwier,  inK-Ia^a 
most  liquids,  but  readily  soluble  in  boiling  aniline.  It  xnclts  at  225^,  di«»Jra  vitb 
fine  deep  red  colour  in  strong  sulphuric  acid,  and  forms  with  strong  nitric  add  i 
yellow  compound,  insoluble  in  alcohol  and  ether,  but  soluble  in  benzene.  By  t^^ 
tion  with  tin  and  hydrochloric  acid,  or  with  alcoholic  ammonium  sulphide  at  \\k\'t 
fields  benzidine  melting  at  122°: 

0"H»«N<0*  +  9H»  «  2C"H«(NH»)«    +   SH^'O. 

2.  laodinitro-asodifhenyl,  CfH*'N*OS  is  formed  by  the  action  of  i'^'i» 
amalgam  on  isodinitrodipnonyl  suspended  in  alcohol,  and  separates  duriof:  ihe  re- 
action in  yellow  flocks,  which  may  be  washed  on  a  filter  with  cold  alcohtl.  ot 
further  purified  by  crystallisation  from  boiling  alcohol,  which  dissulvefr  t  ^' 
bparingly,  and  deposits  it  on  cooling  as  a  yellow  powder.  It  dissolves  '-a^'Tis 
chloroform  and  benzene;  melts  at  about  187°;  and  dissolves  with  brown-re^i  ftijr 
in  strong  sulphuric  acid. 

The  two  compounds  just  described  may  be  formulated  as  followb : 

NO'— C«H«  CU*— NO'        NO*— C»H«  OH'— NO-* 

II  'I 

C«H«— N-N— C«H*  CH*— N=N— C«H« 

\/ 

0 

Paxadinitro-aioxydlphi*nyL  Ifodlnitio-aiodipbcByL 

BlcyanodlplieDyl,  Ci«H"N^»C''H*(0N)'.C*H\  is  propared  by  heatisc  a  ^ 
mixture  of  potassium  diphenyl-disulphonato  and  potassium  cyanii»  in  a  itniB « 
dry  CJirbon  aioxidc  ;  the  reaction  docs  not  however  go  oo  so  regularly  as  in  tiv  a» 
of  the  monocyano-compound  (p.  660).  Bicyanodiphenyl  is  insohihle  is 
sparingly  soluble  in  cold,  easily  in  hot  alcohol,  and  crystallises  thevefttan  is 
pY)ups  of  thin  colourless  neoJIes.  It  melts  at  234°,  and  miblimca  without  dKuapr 
sition  in  shining  serrated  lamins  (Doobner,  Liebi^s  Amnalem^  clxzii.  109). 

BlozydlplieDyl  or  BlplieDol,  G"Hi«0'-*C>*H"rOH)'.  Of  the  ntsarai 
possible  modifications  of  this  compound,  four  are  at  present  known,  thrw  bfi&r?>' 
metrical,  that  is,  having  one  hydroxyl  in  each  phenyl-group,  and  the  fouth  cfla- 
metrical. 

1.  Grioss,  in  1864,  obtained  a  diphcnol  by  the  action  of  water  on  crtn:-'  ^ 
ti'tTa7.ophoi\yl  (^Iv.  412;  v.  1055),  and  the  same  modification  has  bees  rs^ 
examined  \)y  lAuaV^  ^J.  vr .  CHcim.  ^1*^  '^^^^  ^^\  ^bo  obtains  it  bv  foaing  the  douusss 
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ainm  salt  is  heated  with  at  least  twice  ita  weight  of  potassiam  hydroxide  and  a  little 
water,  a  rather  brisk  reaction  takes  place  after  a  while,  hydrogen  being  evolved,  and 
the  mass  gradually  assuming  a  yellowish-brown  colour.  As  soon  as  it  has  acquired 
the  consistence  of  a  thick  syrup,  it  is  left  to  cool,  dissolved  in  water,  and  acidulated 
with  sulphuric  add,  whereupon  carbon  dioxide  and  sulphur  dioxide  are  evolved,  and 
resinous  products  separate  out.  The  unfiltered  liquid,  freed  from  dissolved  gases  by 
boiling,  is  shaken  up  with  ether,  and  the  thickish  oil  which  remains  after  distilling 
off  the  ether  is  distilled  after  drying.  THe  portion  which  passes  over  below  300^ 
consists  mainly  of  phenol,  and  the  crude  diphenol  which  passes  over  above  that 
temperature  soon  solidifies  in  the  receiver  to  a  crystalline  mass.  The  quantity 
obtained  is  about  5  or  6  per  cent^  of  the  phenolparasulphonio  acid  employed;  a 
larger  quantity  may  be  obtaued  by  fusing  sodium  phenolpuasulphonate  with  caustic 
soda.  The  product,  purified  by  several  recrystallisations  from  water,  and  sublimation 
in  a  stream  of  carbon  dioxide,  forms  white  feathery  gfoups  of  oiystaJs  having  a  silky 
lustre. 

This  diphenol  crystallises  from  water  in  slender  needles  or  rather  broad  prisms, 
which  appear  from  approximate  measurements  by  Siegert  to  belong  to  the  orthorhombic 
system.     Axial  ratio : 

Brachydiagonal.    Macrodiagonal.    Principal  axis. 
2*266         :  4*095         :  1 

0'605         :  1  :  0*244 

Combination,  ooP  .  P  .  oo:Poo  .  twf  oo.  Angle  ooP  :  ooP=  122'*  36';  P  :  P=  164°  60. 
It  melts  at  166''-168^,  dissolves  very  sparincly  in  cold  water,  with  difficulty  in 
boiling  water,  easily  in  alcohol  and  ether.  It  aissolves  also  in  alkalis,  and  is  preci- 
pitated by  acids.  With  bane  lead  acetate  it  forms  a  white  precipitate.  It  is  not 
reduced  by  passing  its  vapour  over  heated  sine-dust.  With  strong  nttrio  acid  it 
yields  a  nitro-product,  the  ammonia-salt  of  which  dystaUises  in  long  needles.  On 
ponrinff  bromine  into  a  solution  of  the  diphenol  in  dilute  alcohol,  and  heating  the 
liquid  m  a  water-bath,  a  flocculent  substance  separates,  which  crystallises  from  alcohol 
in  microscopic  needles.  Strong  sulphuric  add  quickly  dissolves  the  diphenol  at  the 
heat  of  the  water-bath,  forming  a  sidpho-acid,  the  aqueous  solution  of  which  dries  up 
to  friable  masses. 

This   diphenol,   being    formed   from   2    mols.    of    paraphenolsulphonio   acid, 

CH*^^QSQ  (1  I  4),  is  of  symmetrical  structure,  and  has  its  two  hydroxyls  in  the 

para-position  with  respect  to  the  point  of  junction,  that  is  to  say,  it  is  dipara- 
diphenol : 

[O^         ^0»K  +  SO»K^  \)H  +  2K0H  -  HO  ^ 

+  2S0<K«  +  H« 

2  and  3.  These  bodies  are  produced  by  fusing  phenol  with  potassium  hydroxide. 
Burth  in  1870  (Liebig'i  Annalen,  dvi.  03^  obtained  in  this  manner  a  yellowish-brown 
mass  consisting  of  a  diphenol,  together  with  salicylic  and  Oiinrbenzoic  acids,  the  diphenol 
separated  from  it  being  a  viscid  oil  in  which  cinrstals  formed  after  several  weeks.  This 
product  has  lately  been  further  examined  by  Barth  a  Schreder  (Deut,  Chem,  Get,  Ber. 
1878,  1332).  The  crude  product  wa&  distilled  under  a  reduced  pressure  of  160  mm., 
the  greater  portion  passing  over  between  310^  and  330^.  The  distillate  after  a  short 
time  solidified  to  a  hard  crystalline  mass,  consisting  of  two  kinds  of  crystals,  namely, 
long  needles  and  laminie.  These  were  purified  and  separated  by  a  long  process  of 
fractional  crystallisation,  &c.,  for  the  details  of  which  reference  must  be  made  to  the 
original  paper.  Both  consist  of  diphenols  (a  and  /9),  the  acicular  modification  being 
by  &r  the  most  abundant^ 

o-Diphenol  crystallises  in  anhydrous  slender  flattened  needles  often  more  than 
2  cm.  long.  It  is  more  soluble  in  water  than  the  jB-compound,  but  nevertheless 
erystallises  out  first  from  the  mixture  of  the  two  obtained  as  above,  on  account  of  its 
much  larger  quantity.  It  dissolves  easily  in  alcohol,  ether,  chloroform,  bensene, 
xylene,  &c  Its  aqueous  solution  forms  with  ferric  chloride  a  liquid  having  a  corn- 
flower-blue colour,  whidi  remains  for  weeks  without  alteration  or  turbidity,  but  is  de- 
colorised by  sodium  carbcmate,  and  when  heated  deposits  a  red-brown  prodpitate,  not 
however  consisting  of  ferric  oxide.  It  melts  below  100^  when  immersed  in  water,  and 
mt  123^  in  the  dry  state.    Vapoxusdensit^  (obs.)  »6'40 ;  (calc)  »6'44. 

o-Diphenol,  distilled  over  zinc-  dust,  yields  a  large  quantity  of  d  i  p  h  e  n  y  1.  Heated 
to  130°  for  some  hours  in  a  sealed  tube  with  potash,  methyl  iodide,  and  a  sznall  quantity 
of  methyl  alcohol,  it  yields  liquid  dianisol. 
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o-Diphenol  heated  with  a  quantity  of  sulphuric  acid  slightly  in  ezoBH  of  thtt 

which  is  required  by  the  equation : 

C»«H»»0*  +  2S0*H»  =  0"H«(HO)«(SO«H)»  +   2B.H), 

is  converted  into  adiphenol-disnlphonic  acid,  which  may  be  obtained  psn  by 
evaporating  the  liquid  in  a  platinum  dish  till  fhmes  of  sulphuric  add  be^n  to  ssape, 
then  neutralising  the  slight  excess  of  sulphuric  add  as  nearly  as  possible  with  the 
calculated  quantity  of  lesd  carbonate,  fireemg  the  filtrate  from  traces  of  disscdped  lead 
by  hydrogen  sulphide,  again  filtering,  and  evaporating  the  liquid  to  a  syrup;  it  Umb 
solidifies  in  the  exsiccator  to  a  light  grey  ciystalline  mass.  Dipbenoldisnlj^oaie  aeid 
thus  obtained  is  extremely  soluble  in  water.  Heated  to  llOr  it  deoomposes,  sod  it 
converted  into  a  brown,  varnish-like,  extremely  hygroscoj^c  mass,  which  is  also  fozBud 
when  the  acid  is  subjected  to  prolonged  drying  at  100^  in  contact  with  the  air.  The 
sodium  salt,  C'H^S'O'Na',  obtained  by  saturation,  separates  in  stellate  groups  of 
slender  needles  containing  2  mols.  water,  which  aregiyen  off  at  200^.  ^  Thtpoiaumm 
salt  crystallises  in  needles  with  1  mol.  HH).  The  baiium  salt,  obtained  by  deoosh 
posing  the  potassium  or  sodium  salt  with  barium  chloride,  is  a  crystalline  predpitiU 
also  containing  water. 

On  heating  the  potassium  salt  of  this  disulphonic  add  with  excess  of  potadi, 
acidulating  the  melt — whereuppn  it  gives  off  sulphur  dioxide — then  digesting  it  with 
ether,  evaporating  off  the  ether,  dissolving  the  residue  in  water,  and  leaving  the  solutios 
to  crystallise  in  a  vacuum,  a  brownish  crystalline  mass  is  obtained  consietuigof  mstted 
needles,  easily  decomposible  and  very  difficult  to  purify.  Analysis  gare  67*68  per 
cent  carbon  and  4*78  hydrogen,  whence,  and  fh>m  the  mode  of  formation,  it  may  bt 
inferred  that  the  substance  is  a  tetroxydiphenyl,  CH^OH)*  (cale.  66*06  C 
4*59  H).  By  sublimation  in  a  stream  of  hydrogen,  a  small  quantity  of  this  substaaei 
was  obtained  as  a  colourless  crystalline  film  melting  at  84°.  Its  aqueous  solotiai 
gives  with  ferric  chloride  a  light  green  colour  reaction,  changing,  on  addition  of  a  imj 
small  quantity  of  dilute  solution  of  sodium  carbonate,  to  dark  blue,  on  farther  additioa 
to  violet,  and  finally  to  red.  This  reaction,  which  is  extremely  delicate,  is  exactly  tht 
same  as  that  exhibited  by  pyrocatechin,  excepting  that  the  green  colour  at  first  pio- 
duced  is  somewhat  lighter.  The  compound  C'^'^0*  may  therefore  af^rqpriatdy  hi 
called  dipyrocatecnin. 

/3-Di phenol,  when  pure,  crystallises  in  small  elittering  lamins.  It  is  BomevliBt 
sparingly  soluble  in  water,  and  forms  with  ferric  chloride  a  dear  light  ipMn  li^sid, 
which,  ailer  a  while,  becomes  turbid  and  colourless,  and  deposits  green  flocks.  With 
other  solvents  it  behaves  like  a-diphenol.  It  is  anhydrous,  mdts  at  190^,  and  st 
higher  temperatures  yields  a  vapour  whose  density  is  6*39  (ealc  6*44).  By  distiHttios 
with  zinc  it  yields  a  large  quantity  ofdiphenyl,  and  when  treated  with  potajrii, 
methyl  iodide,  and  a  uttle  methyl  alcohol,  it  is  converted  into  a  czyvtaUhM 
dianisol. 

These  two  diphenols,  a  and  /3,  being  formed  from  2  mols.  of  phenol,  have,  lib 
Griess's  diphenol,  a  hjdroxyl  in  each  phenyl-group.  Moreover  as  tneir  formatka  ii 
accompanied  bv  that  of  a  large  proportion  of  salicylic  and  a  small  proportion  of  msts- 
ozybenzoic  add,  but  never  by  that  of  paraoxybenzoic  add,  and  as  the  proportion  of 
a-diphenol  produced  is  much  greater  than  that  of  the  /9-modification,  it  is  most  piob> 
able  that  a-diphenyl  is  the  di-or^^-modification,  that  is  to  say,  has  its  two  hjdiuijb 
contiguous  to  the  point  of  junction,  and  that  /S-diphenol  is  uie  6i-meta  or  the  ortf»> 
;/i<^<&-modiflcation.  It  is,  however,  by  no  means  impossible  that  one  of  the  two  may  be 
an  o-m-modification. 

4.  The  fourth  modification  of  diphenol  was  discovered  in  1871  by  Elngelhaxdt  s. 
Latschinoff,  who  obtained  it  by  the  action  of  melting  potash  on  the  dip&enyldissl' 
phonic  acid  prepared  by  heating  diphenyl  with  sulphuric  acid  {2nd  8mpfi,  938),  and 
has  been  further  examined  by  Doebner  (Deut.  Chetn,  Ges.  Ber.  ix.  129).  As  the 
reaction  just  mentioned  does  not  take  place  very  easily,  it  is  best,  after  predpitati^ 
the  resulting  diphenol  with  an  acid,  to  fuse  it  again  with  potash  and  repredpilata. 
The  diphenol  thus  prepared  is  sparingly  soluble  in  water  and  benzene,  diasolves  ssdj 
in  alcohol  and  ether,  crystallises  from  alcohol  in  shining  laminse,  sublimes  in  fta- 
shaped  groups  of  scales,  and  melts  at  269^-270^.  It  is  energetically  attacked  hj 
oxidising  a^^ents,  and  reduced  by  heating  with  zinc-dust  to  diphenyL     Findi^ 


aipnenoiwiui  2C  mois.  jrui*,  dicnioroaipnenyi,  U"ii-Ui%  aistiis  otbt  as  a  wmi 
•obttance  which  gradually  solidifies,  and  after  repeated  crrstallisation  from  gisdil 
****'^  *Mt  tfumB  geodes  of  small  needles ;  it  subhmes  in  long  shining  needk^  sid 


^'ITV^t    It  Vs  iiuK^T)^\«  ^ai  ''vreXMt,  Ti^AxV^  vBanluhle  in  alcohol,  ether,  and  be 


DIPHEKyL-ACEtlO  ACID— DIPHENTL-BBNZBlJE.     665 

melting  at  201^.  Hence  it  follows  that  the  diphen^l-distdphonic  acid  from  which  thia 
dichloio-^omponnd  is  derived,  and  all  its  other  derivatives,  are  nnsymmetrical  bodies, 
having  their  two  snbstitnted  radicles  in  the  same  phenyl-gronp.  The  diphenol  is 
therefore  represented  by  the  formula  C*H\OH)*— C*H*. 

The  four  diphenols  above  described  are  sharply  distingnished  by  their  melting 
points,  as  shown  by  the  following  table : 

Svfnmetrioal,  C-HXOH)— C«H*(OH) : 

Melting  point 

1.  From  phenolparasnlphonic  acid  (Oriess)         .        .        .     156^-158*^ 

2.  From  phenol  (Barth  a.  Schreder)  a        .        .        .        .    269<'-270<' 

3.  „  „  „        p        .        •        .        •         128 

UntynmMtrical,  C«H\OH)«— C«H» : 

4.  From  diphonyl-disulphonic  acid  (Engelhardt  a.  Latschinoff, 

Doebner) 190* 


m,  C»*H>«0  =  (C*H»)»CH— COH.  This  com- 
poond  is  a  thidc,  oily,  coloorless  liquid,  formed,  together  with  solid  products,  by  the 
action  of  dilute  sulphuric  add  upon  hyorobenBOin  or  isohydrobemsoin, 
C"H»H)»-H«0  +  C»*H»'0.  It  voUitilises  with  vapour  of  water,  and  is  converted  by 
oxidation  into  carbon  dioxide  and  diphenyl  ketone : 

(0>H»)«OH--COH  +  0«  «  H«0  +  C0«  +  CO(C«H»)« 

(iffincke  a.  Breuer,  Deui,  Cktm,  Ges.  Ber.  iz.  1769). 

BmnWTIp- AOBTZO  AOIB,  C>«H>H)<  -  (C*H*)*GH— CO>H  (l^ons  a.  Zincke, 
ibid,  vi.  1188^.  This  acid,  also  called  deonbeneUie  acidj  which  Jena  obtained  by 
heating  benzibc  acid  to  160^  with  concentrated  hydriodic  acid  (^2Hd  Suppl.  168X  ^'^J 
be  prepared  synthetically  by  heating  phenylbromacetic  acid  with  benzene  and  zinc. 
The  product  of  the  somewhat  violent  reaction  is  a  viscid  colourless  syrup,  probably 
ocmsisting  of  the  fused  zinc  salt  of  diphenylacetic  acid.  By  converting  this  salt  into  a 
barium  salt  and  repeatedly  crystallising  the  latter  from  alcohol,  or,  hotter,  by  preparing 
and  crystallising  tne  ethylic  ether,  the  diphenylacetic  acid  may  be  obtained  pure,  and 
then  exhibits  all  the  properties  of  the  acid  described  by  Jena ;  so  likewise  does  the 
barium  salt,  which  separates  from  alcoholic  solution  in  large,  very  efflorescent,  mono- 
dinic  crystals  containing  2  mols.  combined  alcohol.  The  silver  salt,  on  the  other 
hand,  has  been  obtained  only  as  an  anhydrous  amorphous  precipitate  becoming  crystal- 
line on  dryins.  The  calcium  salt,  (C'*H*'0')K^a+2HK),  resembles  the  banum  salt, 
but  is  less  soluble  in  water.  The  Hno  salt,  (C**H"0')'Zn,  crystallises  from  water  in 
thick  shining  needles,  which  melt  when  heated  imder  water.  On  recxystallising  it 
from  water,  basic  salts  are  veiy  apt  to  form.  The  ethylio  ether,  C**H"0*.CI'H*,  crvstal- 
lises  from  alcohol  in  colourless,  transparent,  rectangular  prisms  with  perpendicular 
end-faces ;  it  dissolves  easilv  in  ether,  alcohol,  and  carbon  sulphide. 

On  treating  synthetically  prepared  diphenylacetic  acid  with  bromine-vapour  at 
140^-16(P,  and  boiling  the  resinous  raoduct  with  water  or  barium  hjrdrate,  dipheny  1- 
gly  collie  acid,  {C^^yQOB. — CO^H,  is  obtained,  agreeing  in  all  its  properties  with 
benzilicacid  tiom  benzile.  This  shows  that  benzilic  add  has  the  stmcturo  assigned 
to  it  by  Stadeler  {2nd  9t^  168). 

In  the  synthesis  of  diphenylacetic  add  thero  is  also  formed  a  small  quantity  of  a 
bibasic  add,  C*H^[CH(C'H*).CO'H]',  which  sepaiHtes  from  its  barium  salt  on  addition 
of  hydrochloric  acid  in  yellow  resinous  drops,  which  gradually  solidify  and  then  melt 
mt  110^  ;  it  cannot  be  ciystallised.    The  barium  salt  is  insoluble  in  alcohol. 

See  PBsinriAKixBs. 


COV8  CH&omiBB,  (0*H*)'AsCL  See  PHxmnrABSBxno 
CoxFovinM. 

BBNnHT&-Bnna«B,  0'W*mCm\G^Hf.  Two  modifications  of  this 
compound  aro  formed,  together  with  diphenyl  and  other  products,  by  passing  benzene 
vapour  through  a  red-hot  tube.  On  rectifying  the  crude  product,  the  two  diphenyl- 
beozenes  pass  over  after  the  dipheny],  and  may  be  separated  from  one  another  by 
repeated  czystallisation  from  alcohol,  in  which  one  is  freely,  the  other  sparingly 
•oliible. 

Paradiphenyl-benzene,  the  less  soluble  modification,  constitutes  the  chief 
veit  of  tlie  product  designated  by  Berthelot  as  beikpervthrene  (1st  8uppl,  304),  and  is 
identical  with  the  hydrocarbon  which  Riese  obtained  by  the  action  of  sodium  on  an 
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fthereal  solution  of  solid  dibromohGnzeno  and  monobromobenzenc  (2fu2  Supfl.  M^). 
It  is  also  formed,  together  with  othylone,  bv  the  action  of  ethyl  bromide  oq  pci*.Asn» 
benzene  (p.  160).  It  melts  at  205°.  lx)ifs  above  360^,  and  has  a  rdpsir-doaiT 
=  8*43  (calc.  805).  Near  its  molting  point  it  sublimea  in  iridescent  UmiBC  I*,  ii 
insoluble  in  "water,  dissolves  but  sparingly  in  alcohol  even  at  the  boiling  hat.  n 
easily  in  ether,  carbon  sulphide,  and  light  petroleum,  and  with  moderate  faclitrii 
bonzcnr*,  especially  when  warm.  It  does  not  appear  to  combine  with  picric  adi  % 
oxidation  it  yields  first  paradiphenyl-carbonic  acid,  0*H* — C*HXCO-H),  ud  l^ 
tcrcphthulic  acid  (G.  Schultz,  Dcui,  Chcm,  Gea,  Ber,  vi.  416  ;  lAAifs  ^(iiiuUn,  ehxi 
281  ;  clzxiv.  230). 

According  to  £.  Schmidt  {J)cut.  Chcm.  Ges,  Ber.  vii.  1866),  paFadiphenyl-boift 
dissolved  in  carbon  sulphide  is  not  perceptibly  attacked  by  bromine ;  bat  wbra  :nc«d 
with  bromine  under  water,  it  yields  a  iKxly  crystallising  in  needles,  the  aaalTsi  i. 
which  gives  numbers  intormodiato  between  those  required  by  a  tri-  and  a  t(3» 
brominutod  derivative. 

Isodipheni/lbenscnCt  the  modification  easily  soluble  in  alcohol,  dissolTw  «ult 
also  in  ether,  benzene,  and  glacial  acetic  acid,  but  is  insoluble  in  water.  ¥tom  dibCr 
alcoholic  solution  it  crystallises  in  stellate  groups  of  long  white  needles,  meltiaf  s 
85°.  It  boils  at  about  360°,  and  has  a  vapour-density  »  8' 20.  It  does  da  m> 
with  picric  iicid.  By  oxidation  with  chromic  add  in  glacial  acetic  add  •olutio.f 
yields  benzoic  acid  (Schultz,  loc.  cH.) 

BZFBBimi    -    ZZVKBTDST&,  C»H«0       «=      a*B.^((?WfO   - 

C;H'(C»H*)--CH0H— C«H«(C«H*).  is  formed  by  the  action  of  sodiom-amalfiB  « 
diphenyl-bcnzophenono.  It  crystallifies  in  small  white  needles  meltin;;  it  Si 
(uncorr.).  and  dissolves  with  extraordinary  facility  in  alcohol  and  benzsos  (Wdk 
Deut.  Chem,  Ges.  Ber,  vii.  1188). 

DZFBBanrXi-BBVEOPBBVOVZ.    See  FUKNTL-iLBTOirKS. 
BZFBBBT&-CABBA1IRO  CnUbOBIDB,  CO^^^cn^V'  ^'  formed  U  tfc 
action  of  carbonyl  chloride  on  diphenylamine  dissolved  in  chloroform  (p.  391). 

DZFBBBT&-OABBAMIB8,C»IT"NH).  The  ftymmetrical  modificatioo  dds 
compound.  NH((>'II^).CO.NH(C*]r)  (p.  300),  is  formed  *by  the  action  of  wstcf  lalki 
potassium  salt  of  dibenzhydroxaraic  acid  (2nd  Suppl,  165)  : 

2N(C'H»0)K)K  +  H-0  =  C0«  +  2(rn»0»K   +    C'H^'XH). 

It  does  not  unite  with  acids  or  with  alkalis,  but  when  heated  to  180^  for  seven!  b«i 
with  strong  hydrochloric  acid,  it  is  resolved,  with  assumption  of  water,  into  CQ^fld 
aniline: 

C"H>2N«0  +  H-0  =   CO*  +   2C*HrS 

(Losson,  Dcut,  Chem.  Ges.  Ber.  vi.  1392). 

DZFBBBTXi-CABBZWOXi,   C"H>-0  =  C«H*— GHOH — C^\      BeusMni' 

This  l>ody,  first  obt^iined  in  1865  by  Linneman,  who  prepared  it  by  the  dcti«  ^ 
ri(Klium-anialj;am  on  an  alcoholic  solution  of  bcnzophenono  or  diphenyl  keCoM  (V- 
•178),  is  likewise  produced  when  the  same  ketone  (s  pts.)  is  heated  with  alrubb 
potash  (1  pt.  KHO  in  5  pts.  alcohol  of  95  per  cent.)  to  160^  in  sealed  tubn  fir  t* 
iiours.  The  contents  of  the  tubes  when  cold  are  washed  out  with  a  little  hot  vsaa 
and  tlio  resinous  residue  is  In^iled  with  water  as  long  as  the  filtrate  eontinnev  toviii 
cryNtals:  the  yield  amounts  to  75  per  cent,  of  the  bensophenone.  A  btill  Iu9 
amount  is  obtiinod  by  dissolving  beuzophcnone  in  potash-ley  and  boiling  the  rdtfn 
with  zinc.  Diphenyl -carbinol  is  also  produced  by  heatinj^  benzophenone  far  fivcbee^ 
to  180°  with  an  alkaline  solution  of  amyl  alcohol;  no  resin  is  then  ieiMnted.%v 
valerianic  acid  is  produced  at  the  same  time  (Zagoumony,  lAehiaa  Jwatln. 
clxxxiv.  174). 

Diphcnyl^carbinol  is  not  altered  by  prolonged  heating  with  strong  alcoholic  Sklck^ 
of  alkalis  oven  at  180^-200^  in  sealed  tulics;  but  when  heated  to  180^  in  a  n^ 
tubi'  with  sulphuric  acid  dilutinl  with  5  vols,  water,  it  is  converted  into  the  bcBi£*^ 
drolic  ether,  C'"H'»0 ^ 2C"1I'20  —  H^O,  which  Linncmann  obtained  W  b^ 
heating  the  alcohol,  or  by  treating  it  ^i-ith  chloride  or  iodide  of  phosphoraf  (iV  ITT- 

Diphenyl-carbinol  is  not  attacked  by  zinc  when  it  is  dissoWedin  glacial  actCirwi 
or  by  h^'drochloric  acid  and  zinc  when  it  is  dissolved  in  alcohol ;  but  tks  aeoei  ^ 
btrong  aqueous  hydrochloric  acid  and  zinc  on  diphenyl-earbinol  dissolved  in  s!^ 
acetic  acid,  gives  rise  to  a  hydrocarlion  melting  at  209^,  which,  aocradine  to  Imf* 
meny's  analysis,  has  the  composition  of  tetraphenylethana,  CB.^^CSxCV*' 
Its  foTmaliou  mui^  \>&  t^^Tc&^Mtcd  by  the  following  equations  : 
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2C>»H"0  +  H«  =  C»«H"  +  2HH) 

20H»C0»(0"H")  +  BP  -  C««H«  +  2CH«C0»H 

BamliTdrolio  Tetnphenyl-  Aoetlo 

acetate.  ethane.  add. 

Thia  hydrocarbon  disBolves  in  128  pts.  of  boiling  alcohol  of  96  per  cent.,  in  21  pU.  of 
boiling  acetic  add,  in  7  pta.  of  boiling  benzene,  and  crystallises  from  the  alcoholic  and 
aettic  aolutions  in  slender  needles,  from  benzene  in  transparent  hxdky  rhombic  prisms 
^a  compoond  of  1  mol.  tetraphenylethane  with  1  mol.  oenzene).  It  appears  to  be 
identical  with  the  hydrocarbon  (formulated  as  C"H'®)  which  Linnemann  obtained  by 
distillation  of  the  benaoic  and  snocinic  ethers  of  diphenyl-carbinol  (iy.  479). 

BIFMaHT&-GABBOWZO  or  »BBVT&-BaWSOZO  AOZB,  Gi*H><>0'  => 
C^H^.CH^.CO^.  Two  modifications  of  this  acid  are  known.  One,  obtained  by  the 
action  of  melting  potash  on  diphenylene  ketone. 


+  KHO  -   I 

C•H^CO»K 


dissolves  sparingly  in  cold  water,  with  moderate  facility  in  hot  water,  very  easily  in 
alcohol,  and  melts  at  102^-108^  (Fittig  a.  Ostermeyer,  Deut,  Chem,  Gea,  Ber.  y.  933). 
It  is  not  known  whether  the  phenyl-gronp  in  this  acid  is  in  the  ortho-  or  the  mota- 
position  with  regard  to  the  group  C0% 

Vttimdiplien  jl  -  carlnmle  or  VaraptaeDyl  -  benxoie  aoldf 

C*.Hja.(C^*).H.H.CO'H,  is  produced:  1.  By  oxidation  of  dip  henyl-benzene.  This 
compound,  dissolved  in  glacial  acetic  acid,  is  heated  with  five  times  its  weight  of  chromic 
acid ;  the  solution  is  precipitated  by  water ;  the  precipitate,  consisting  of  unaltered  di- 
phenylbenzene  and  the  acid,  is  digested  with  ammonia  which  extracts  the  latter ;  and 
the  filtrate  is  precipitated  with  hydrochloric  acid  fSchultz,  ibid.  yi.  417).  2.  By  boiling 
ejanodiphenyl,  C"H'. CN,  with  alcoholic  potash.  In  this  process,  a  sparingly  soluble 
substance,  evidently  the  amide  of  the  acid,  separates  at  first,  but  disappears  on  pro- 
longed boiling  (poehneTt  Liebi^s  Annalen,  clixii.  109).  8.  By  oxidation  of  para- 
tolylphenyl,  CH".C«H*.Cra»  (Gamelley,  Chem,  8oc,  Jour,  1876,  i.  19). 

Puadiphenyl-carbonic  acid  crystallises  in  tufts  of  needles,  melts  at  216^-217° 
(Schults),  at  218^-219^  Q)oebner),  and  sublimes  easily,  somewhat  above  its  melting 
p<nnt,  in  long  needles.  It  is  slightly  soluble  in  water,  more  easily  in  alcohol  and 
ether.  The  ammommn  aaU  crystallises  in  tufts  of  laminsp.  The  barium  aaU, 
(C*'H'0*)'Ba,  is  precipitated  by  barium  chloride  from  the  solution  of  the  ammonium 
salt,  as  a  granulo-crystalline,  nearly  insoluble  precipitate.  From  a  hot  saturated 
solution  it  crystallises  on  cooling  in  thin  shining  plates.  The  calcium  salt  is  pre- 
pared like  the  barium  salt,  and  resembles  it  in  every  respect.  The  magnetium  salt 
may  be  obtained  by  precipitation,  or  by  saturating  the  acid  with  ma^esium  carbonate, 
in  which  case  it  often  separates  in  nodular  groups  of  laminae.  Like  the  preceding 
Milts  it  is  anhydrous  after  drying  over  sulphuric  acid.  Most  of  the  other  diphenyl- 
carbonates  are  insoluble  or  sparingly  soluble.  In  neutral  solutions  of  the  ammonium 
salt,  zino  nUphate  produces  a  white  granular  precipitate ;  cwpHc  sulphate  a  blue-green ; 
ferric  sulphtie  a  yellow ;  lead  nitrate  and  silver  nitrate,  white  procipitates.  Tho  etht/lio 
etJker,  0>^.CO'(PH*,  prepared  by  means  of  alcohol  and  hydrochloric  acid  gas,  forms 
large  colourless  prisms  melting  at  46^,  easily  soluble  in  alcohol  (Doebner^. 

Paradiphenyl-carbonic  ado,  heated  with  calcium  hydrate,  is  resolvea  into  carbon 
dioxide  and  diphenyl,  C»«H».00«H «  CO*  +  C'«H'».  By  oxidation  with  chromic  acid 
in  glacial  acetic  acid  solution,  it  yields  terephthalicacid  (Schultz). 


rXO  AOXD,  C"H"0*  «  0^»— C«H"(CO«H)« 
(Boebner,  loc.  cit, ;  also  Deut,  Chem,  Gts.  Ber.  ix.  2,  129).  This  acid,  metamenc 
with  diphenic  acid  (p.  668),  is  formed  by  boiling  dicyanodi phenyl  derived  from 
nnsyinmetrical  diphenyl-disulphonic  acid  (p.  665),  with  alcoholic  potash : 

C>H»— C«H»(ON)«  +  4H»0  -  2NH»  +  CW*— C«H»(CO«H)«.     " 

The  conversion  is,  however,  much  mora  difficult  than  that  of  cyanodiphenyl  into 
diphenyl-monocarbonic  acid,  a  large  portion  of  the  cyanogen-compound  being  con- 
verted into  a  white  powder  perfectly  insoluble  in  all  the  onlinary  solvents,  doubtless 
the  diamide  of  the  oicarbonic  acid.    But  even  the  acid  obtained  from  the  filtrate  is 

<CONH* 
COOH '  ^^® 
complete  conversion  of  which  into  the  dicarbonic  acid  can  be  effected  only  by  repeated 
evaporation  of  the  crude  acid  mixed  with  a  large  excess  of  caustic  potash.    A  bettor 
metnod  of  effecting  Uie  decomposition  of  the  dicyanodiphenyl  is  to  heat  it  to  180°  for 
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twelTe  hours  with  strong  hydrochloric  acid.  Diphen^l-diearbonic  add  is  alao  pcodieiA 
by  oxidation  of  ditolyl  dissolved  in  glacial  acetic  acid  wiUi  chrcnnie  acid. 

Pure  diphenyl-dicarbonic  acid  is  a  white  amorphous  powder  deoeptiTely  lik*  tm^ 
phthalic  aad,  and,  like  the  latter,  nearly  insolnble  in  all  the  oi^^nacy  aohrBita.  b 
neither  melts  nor  sublimes,  and  requires  a  yeiy  high  temperature  to  deeoupose  it 
Its  salts,  except  those  of  the  alkalis,  are  nearly  all  insoluble  in  watar.  The  htrmm 
and  cateium  salts  are  white  precipitates,  nearly  insoluble  in  water,  even  at  the  boUag 
heat ;  anhydrous  after  diying  over  sulphuric  acid.  The  sUwr  saU,  C'*E[H)*A|f,  is  a 
white  precipitate,  which  cakes  together  in  water,  and  is  some^i^iat  ffduble  tberaa. 
In  the  dilute  solution  of  the  ammonium  salt,  magneskirm  sulphate  produces  ao  pi»> 
cipitate,  einc  sulphate  and  lead  niiratefotm  white  precipitatee,  aofrie  mAfiktAe  a  Uuk 
white, /emc  chloride  a  light  yellow  precipitate.  The  ethjUc  ether,  which  caa  be|t»> 
pared  only  by  decomposing  the  silver  salt  with  ethyl  iodide,  forms  large  flat  pnaa 
slightly  soluble  in  cold,  easily  in  boiling  alcohol,  melting  at  112®. 

Diphenyl-dicarbonic  acid,  heated  with  excess  of  lime,  is  decomposed  like  ^ 
monocarbonic  add,  yieldinjo;  diphenyL  It  cannot  be  oxidised  by  chromie  adi^oi 
account  of  its  insolubility  in  glacial  acetic  acid  (Boebner,  loc.  dt.) 

C«H»-^CH— CH» 

C«H»— CH— CH» 
a.  Bethge,  Ikut.  Chem.  Ges.  Ber,  yii.  1127).    This  hydrocarbon  is  formed  by  theadioi 
of  soditmi  on  secondary  phenyl-methyl-carbinyl  bromide  or  chloride  (rorodiieed  Ij  tk 
action  of  Hfir  or  HCl  on  phenyl-methyl  carbinol,  (G^*— CHOH— ^H*) : 

2(C«H»— CHBr-CH»)  +  Na«  «  2NaBr  +  I 

C«H»— CH— CH» 

In  either  case  a  mixture  of  liquid  and  solid  products  is  obtained,  £n>m  wfaidi,lif 
filtration  and  recrystallisation  of  the  solid  portion  from  alcohol,  the  diphenyl-dlMt^ 
ethane  may  be  isolated.  It  crystallises  m  colourless  needles,  melts  at  12l*i^»aid 
sublimes  without  decomposition. 

BZFBBmrZAn-OOMVOinrBS.  A  comparison  of  the  boiling  ponts  d 
corresponding  diphenyl  and  diphenylene  compounds — the  latter  oontainiiiig  2  SL 
hydrogen  less  than  the  former,  and  having  the  two  phenylene-groups  directly  uilBi 
— shows  that  the  diphenylene-compounds  boil  at  temperatures  about  40®  higosr  tha 
the  corresponding  diphenyl-compounds,  in  which  the  two  phenyl-groaps  ace  ooidirMl^ 
united.    This  is  shown  by  the  following  table : 


Diphenyl  oxide^ 
Diphenylene  oxide 

Diphenyl-methane 
Diphenylene-methane 

Diphenyl  sulphide 
Diphenylene  sulphide 

Diphenyl  ketone 
Diphenylene  ketone  . 

Stilbene     . 
Phenanthrene    . 

Diphenylamine  . 
Garbazol    . 


(C«H»)K) 

(r 


[H<C«--C«H*)0 
(C«H»)=CH« 
(H«C«— 0«HOCH« 
(C«H»)»S 
(H*C«— C«H«)S 

(C«H»)KIO 
(H<C«— C«H*)CO 

(C«H»)H)«H« 
(H«C«— C«H*)C«H« 
(C^»)»NH 


246<> 

28r*-2sr 

261<*-2«2« 

300^-404* 

393.50 

296® 

80(r-40r 
240» 

81(P 
8M<» 


(H^C— C«H«)NH 

The  law  exhibited  by  these  numbers  may  serve  in  some  cases  to  detenDisstb 
dodsion  in  fiivour  of  a  particular  formula,  or  to  estimate  approximately  the  boiai 
point  of  any  member  of  either  series  when  that  of  the  corresponding^  composad  ia  thi 
other  series  is  known  (Graebe,  DetU,  Chem.  Ges,  Ber.  vii.  1629). 

Slptaeojlena  XetoDe*  G"H"0.    This  compound  is  intermediate  in 
between  phenanthrene-quinone  and  diphenyl : 

C»H^CO  C«H«v  OH* 

C«H*— CO  C«H*^  C«H» 

Phenanthrene-  Diphenylene-  DiphenjL 

qninone.  ketone. 

It  is  the  chief  product  obtained  by  distilling  phenanthrene  quinone  with  qaick  Gm 
(Anschiits  a.  Schultz,  Devi,  Chem,  Ges.  Ber.  ix.  1400). 

c«hC 

Blplianylana  <lai<la«  \      \0.  TVs^  ^ts^v^Tvxd^dvflcaTQsedL  b^  Lenipk^ab 


DIPHBNTLBNB.OOMPOXTNDS.  669 

regarded  it  as  phenyl  oxide,  and  farther  examined  by  Hoffineister,  who  determined  its 
trne  oompoeition  (2iKf  Suppl,  436),  may  be  prepared  by  heating  the  lead-componnd  of 
phenol: 

C^l^P"   =   oi^O  +  H'O  +  Pb. 

This  proeeu,  however,  vieldB  bnt  a  small  quantity  of  diphenylene  oxide  (from  8  to  4 
per  cent,  of  the  phenol-componnd  used),  while  a  large  quantity  of  phenol  is  at  the 
•ame  time  regenerated,  probably  becaose  the  phenol  and  lead  oxide  chiefly  unite  to 
frna  a  basic  eompound,  which  is  then  decomposed  by  heat,  according  to  the  equation 

C«H»— O— Pb— OH  =  C«HH)H  +  PbO. 

A  better  method  is  to  heat  in  a  capacious  retort,  1  pt  of  phenol  with  1  to  1 J  pts. 
lead  oxide.  Phenol  then  distils  oyer  first,  after  which  the  contents  of  the  retort  froth 
up  and  turn  grey,  dark  yiolet,  and  finally  black,  whereupon  a  mixture  of  phenol  and 
diphenylene  oxide  distils  oyer  and  solidifies  to  a  red  crystalline  mass.  The  two  com- 
ponnds  are  separated  by  soda-ley,  the  crude  diphenylene  oxide  is  distilled  over,  and 
the  portion  which  distils  below  800°  is  crystallised  from  alcohoL  It  melts  at  80°--81°, 
boils  at  287^-288°,  and  has  a  yapour-density  «  6*97  (Graebe,  IabM%  Annalen,  cbcdy. 
190). 

As  bye-product  in  the  aboye  reaction,  there  is  obtained  a  body  which  boils  at  a 
higher  temperature  than  diphenylene  oxide,  melts  at  about  170°  and  dissolyes  easily 
in  aloohd  (Graebe). 

Behr  a.  yan  Dorp  (Deut.  Chem,  Qes,  Ber,  yii.  898),  by  gently  heating  phenol  with 
flye  or  six  times  its  weight  of  lead  oxide,  haye  also  obtained  mphenylene  oxide,  together 
with  unaltered  phenol,  and  a  body  haying  the  composition  Cf''H*0'.  The  crude  dis- 
tillate is  freed  by  redistillation  from  the  oreater  part  of  the  phenol ;  the  portion 
boiling  aboye  100**  is  treated  with  potash-ley ;  and  the  residue  is  crystallised  from 
dilute  alcohol,  whereby  a  mixture  is  obtained,  consisting  of  diphenylene  oxide  crystal- 
lising in  laminsB,  and  the  compound  C'H'O'  in  needles.  The  two  are  separatM  by 
disti&ation  with  steam,  in  which  only  the  diphenylene  oxide  yolatilises  readily.  The 
eompound  C^'H'O'  (doubtless  identical  with  the  bye-product  mentioned  by  Graebe)  is 
insoluble  in  alkalis,  dissolves  easily  in  benzene  and  in  alcohol,  less  easily  in  light 
petroleum,  and  melts  at  1 78°-174°.  Triturated  with  bromine  and  water,  it  yields  the 
compound  C*'H%H)'  which  crystallises  from  alcohol  in  needles  meltingat211°--212^. 

IMptaeiijleDe  Svlptaldea  (Graebe,  Lidng*s  Awnalenf  dxxiv.  186).     1.  Mono- 

C«H\ 
Bulpkide^  0*^*8  »   I       \9.    Stenhouse  obtained  this  compound  by  passing  the 

yaponr  of  phenyl  sulphide,  C*H**S,  through  a  red-hot  tube  filled  with  iron  nails ;  but 
he  regpurdea  it  as  an  isomeric  modification  of  phenyl  sulphide,  and  called  it  pampkenyl 
mdpHde  (2nd  Suppl,  941).  Graebe,  however,  finds  that  it  contains  2  atoms  of  hydroffen 
less.  He  prepares  it  by  passing  the  vapour  of  phenyl  sulphide  through  a  red-hot 
combustion-tube — ^whereby  bensene,  hydrogen,  hydrogen  sulphide,  and  apparently 
also  free  sulphur,  are  formed  at  the  same  time, — and  fractionating  the  product.  The 
fraction  296°-830°  solidifies  partiidly  on  cooling,  and  a  frirther  quantity  of  this  solid 
product  is  obtained  by  pipetting  df  the  liquid  portion,  again  passing  its  vapour, 
together  with  that  of  the  lower-boiling  portions,  through  the  red-hot  tube,  and 
repeating  these  operations  several  times. 

Biphenylene  sulphide  crystallises  from  alcohol  in  lon^  silky  needles,  from  weak 
•pint  sometimes  also  in  lamins.  It  melts  at  97°,  and  boils  at  832°-S33°  (mercury- 
edumn  wholly  in  the  vapour).  It  is  moderately  soluble  in  cold  alcohol,  vei^  soluble 
in  hot  alcohol  and  in  ether,  soluble  also  in  benzene.  It  is  not  altered  by  heating  to 
5^0°-280°  with  strong  hydriodio  add  and  phosphorus.  By  oxidation  with  chromic 
acid  mixture  it  yields  Stenhouse's  paroiulphobrnzide,  to  which  he  assigned  the  formula 
O'^H'^O*  (2iKf  SuppL  941).  According  to  Graebe,  however,  this  compound  contains 
2  at  hydrogen  less,  and  consists  of  diphenylenesulphone  or  diphenylene 

oxysulphide,  C'«H"SO«=  I  ^0*.  With  regard  to  its  properties,  Graebe  cor- 
roborates the  statements  of  Stenhouse. 

The  disulphide,  C''H"S*  (Stenhouse's  phenylene  auiphide,  Ist  Supfi.  922  V  is 
formed  in  the  preparation  of  phenyl  sulphide  and  hydrosulpnide  by  the  action  c^  phos- 
phorus pentasulphide  on  phenol.  When  2  pts.  of  phenol  are  heated  with  1*  pt  of 
phosphorus  pentasulphide,  a  brisk  reaction  occurs,  sulphuretted  hydrogen  escapes, 
and  a  distillate^  consisting  essentially  of  phenol  and  phenyl  hydrosulphide  mases 
orer.    At  ti  higher  femperatnre  the  chief  producta  o^GtSAH^d  «x«  \)«wst\^^  ^«k<^ 
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sulphide,  and  crystals  of  diphenylene  disnlj^hide.  On  netiilcatioii  of  tiie  product, 
crystals  separate  on  cooling  from  all  portions  which  pass  over  abofe  290^-S9S^. 
These  crystals  must  bo  purified  by  washing  with  cold  alcohol  and  f^ftt'-pyJ^Hi— »ifla 
from  benzene  or  hot  alconoL  The  composition  of  the  bo^y  thoB  prepared  it  (yB% 
but  its  vapour-density  shows  that  the  formula  must  be  doubled — C'^'S*. 

Diphenylene  disulphide  crystallises  in  colourless,  brilliant  prisms,  melts  at  164^- 
155°,  sublimes  in  needles,  and  boils  at  about  S63°.  It  is  iniofubla  in  water,  slii^btly 
soluble  in  cold  alcohol,  but  dissolves  moderately  well  in  boiling  aloohcd ;  benm^ 
ether,  and  carbon  disulphide  dissolve  it  in  the  cold,  but  it  is  taken  up  in  laigHt 
quantity  by  boiling  benzene.  It  dissolves  also  in  cold  concentrated  sulphuric  seid, 
but  more  quickly  and  with  production  of  an  intense  violet  colour  when  heated.  Fhm 
this  solution  water  precipitates  unaltered  diphenylene  disulphide.  When  the  sc' 
in  sulphuric  acid  is  strongly  heated,  the  violet  colour  changes  to  brown,  and 
no  longer  produces  a  precipitate. 

From  Its  behaviour  to  oxidising  and  reducing  agents,  diphenylene  disnlpludi 

appears  to  have  the  constitution  represented  by  the  formula  CH^^^^C^*,  ssalo- 

gous  to  that  of  azophenylene,  CH^  |  NCH^    With  reducing  agents  it  behaves  lib 

phenyl  monosulphide,  not  like  the  disulphide.  It  is  not  attacked  by  dne  and  hfdnK 
chloric  acid,  or  by  sodium-amalgam ;  ana  when  heated  to  200^  with  hydriodie  add  mA 
phosphorus,  it  emits  only  a  faint  odour,  indicating  the  formation  (^  a  vevy  flssO 
quantity  of  phenyl  mercaptan. 

Diphent/lene-ditulphone,  G"H"S*0«BG«H<<J^|^>C^«,isprepnndftQB£- 

phenylene  disulphide,  either  by  boiling  with  potassium  dichromate  and  dilnte  salpbizie 
acid,  or  by  oxidation  with  chromic  acid  dissolved  in  glacial  aeetic  acid.  Ik 
solution  on  cooling  deposits  the  disulphone  free  from  disulphide  in  nearly  theontieil 
quantity.  It  is  best  purified  by  crystallisation  from  boiling  benzene.  When  peitaiv 
pure  it  gives  no  coloration  on  warming  with  concentrated  sulphuric  acid.  It  cmwr 
lises  in  colourless  prisms  or  tables,  is  almost  insoluble  in  aloohol  and  ether,  sUgjhidy 
soluble  in  cold  acetic  acid  and  benzene,  abundantly  so  on  wanning.  Its  melting  point 
is  above  800°,  and  it  can  be  sublimed  and  distilled  witJiout  alteration.  It  is  inddb- 
ent  towards  acids  and  bases,  but  is  decomposed  by  heating  with  soda-lime,  yieldiif 
chiefly  benzene  mixed  with  a  little  diphenyl  (Graebe,  lAebig't  Annalen,  t^i^r^rr,  lygy. 

BIFBBVTUBWB-O&TOO&UIO  AOIB,  G>*H>*0*  (Friedlander,  Untf.  Cte. 
Ges,  Ber,  x.  125).  An  acid  formed  by  the  action  of  alkalis  on  phenanthrene-qniDODi^ 
probably  as  follows : 

o«H*— CO  iyRKJOom 

C«H*— CO  "    C'H*'''^OH 

Fhenanthrene-  Diphenylene- 

qninone.  gljraoUic  add. 

When  phenanthrenequinone  is  heated  with  soda-ley,  it  turns  brown  and  yiel^  i 
brown  solution  which  becomes  colourless  after  prolonged  boiling,  and  on  *^n\^m  of 
an  acid  yields  a  deposit  of  diphenylene-glycoUic  add.  This  add  ciystallises  ham 
hot  water  in  white  laminae,  which  have  the  composition  0**H*®0'+  ^HK),  giiveoffthn 
water  at  80°,  and  melt  at  161^-162°.  It  dissolves  in  warm  stroqg  snlphuie  acid 
with  a  fine  indigo-blue  colour,  which  disappears  on  addition  of  water ;  eesihr  also  is 
alkalis;  and  is  precipitated  unchanged  by  acids.  The  calemm  mdt^  (C*ffO*)HX 
forms  colourless  slightly  soluble  crystals. 

C«HV 

DZFBBVYXava-MZTBAlTB  or  MethyUne-diphmyl,  C^W^\       NCH* 

(Graebe,  Lidn^s  Afmalen^  clxxxiv.  194).  This  compound  is  formed,  togethsr  with 
benzene  and  toluene,  by  passing  the  vapour  of  diphenyl-methane  tlm>n|^  a  red-hot 
tube : 

C«H\ 
2CH«(C«H»)2  =    I       \CH»  +  C«H«  +  C^H* 

The  quantity  of  diphenylene-methane  thus  obtained  is  but  small,  and  therelbn  tht 
purification  is  difficult.  On  fractionating  the  crude  product,  a  mixtnre  of  diphsqjkoe- 
methane,  diphen7l-mQtKa.iiQ,  and  higheiymelting  bodies  passes  over  between  SNP 
and  310°,  while  a  pTO^Tt\oiA\/c\3  \^kc^  c^q&!Dl\K\:3  ^^  \!^\gEA3KS^£)Xi%'<^R»^oi^^o^  iiiMiei'm 
the   retort.     DiphenyleuwDae^iXiWi^  \a  &Ki  ^pkAti^^^  \s^  'NftaR^.vjgtk.  ^  ^^^^MKc^ooik 
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ketone  with  heated  dnc-dust  (2nd  Suppl.  946),  or  with  hjdriodic  acid  and  amorphous 

phosphorus : 

C«H\  C«H\ 

I        >C0  +  4HI  =    I        >CH«  +  H«0  +  41. 

It  is  isomeric  with  fluorene  {infra). 

Biphenylene-methane  crystallises  in  colourless  laminsB  which  often  exhibit  a  blue 
fluorescence.  It  melts  at  113^-114°,  boils  at  SOO^-dOS"*,  and  volatilises  easily  with 
vapour  of  water ;  dissolves  easily  in  hot,  less  eaaily  in  cold  alcohol,  very  easily  in 
carbon  sulphide,  ether,  and  benzene.  Its  compound  with  picric  acid  crystaUises  from 
benzene  in  yellow-red  or  red  needles,  which  melt  at  about  80^-82*^,  and  dissolve 
very  easily  in  alcohol,  but  decompose  at  the  same  time. 

Diphenylene-methane  is  oxidised  with  difficulty,  yielding  diphenylene  ketone, 
(C«H*)HX). 

Dibromodiphenylene'fneihane,  C**H*Br',  produced  by  triturating  the  hydrocarbon 
with  bromine  and  water,  crystallises  in  needles  and  melts  at  163^-154*^.  It  dissolves 
very  sparinely  in  alcohol,  abundantly  in  ether  and  benzene,  very  easily  in  carbon  sul- 
phide and  ^oroform. 

FlaoreDe«  C"H'*.  This  hydrocarbon,  isomeric  or  perhaps  identical  with  the 
diphenylene-methane  just  described,  was  discovered  in  1867  by  Berthelot  in  the  por- 
tion of  coal-tar  oil  which  boils  between  800°  and  840°  (2nd  Sufpl.  528).  It  agrees 
with  (}iaebe*s  diphenylene-methane  in  melting  and  boiling  point,  in  the  colour  and 
melting  point  of  its  picric  acid  compound,  and  in  the  characters  of  the  ketone, 
CH"CO,  which  it  yields  by  oxidation  ;  but  it  likewise  yields,  by  further  oxidation 
with  chromic  acid  mixture,  a  quinone,  C"H'0*,  which  does  not  appear  to  have  been 
obtained  from  Graebe's  diphenylene-methane  (possibly  because  the  oxidation  was  not 
carried  far  enough) ;  and  the  dibromo-derivatives,  C^H'fir*,  obtained  from  the  twt> 
hydrocarbons,  di£»r  considerably  in  crystAlline  form  and  in  melting  |>oint.  The 
existence  of  two  or  more  modifications  of  the  hydrocarbon,  GHVC'H*^',  is  indeed  to  be 
expected,  the  differences  being  Attributable  to  the  manner  in  wnich  the  two  phenylene 
groups  are  linked  together  by  the  CH^-group.  Two  possible  modifications  are  repre- 
sented by  the  following  formulae : 


H 
c 


H 
o 


H   n 


RQ^\cTi    HO/^SoH 


n 


The  properties  of  fluorene  and  its  derivatives  have  lately  been  carefully  examined 
bj  Barbuv  (Ann.  Chim,  Pky;  [6],  vii.  472).  It  is  best  prepared  from  the  heavy  oils 
from  which  anthracene  and  naphthalene  have  been  separated,  by  first  submitting 
them  to  fractional  distillation,  and  collecting  the  portion  passing  at  290°-840°  ^the 
distillate  at  270°-290°  contains  much  acenaphthene) ;  by  a  further  series  of  fraction- 
ations a  portion  passing  at  300°-320°  is  isolated.  To  obtain  a  good  result,  enough 
oil  should  have  been  onginally  employed  to  allow  of  15  or  20  liters  of  this  distillate 
being  collected.  By  the  action  of  cold,  this  fraction  becomes  nearlv  solid ;  the  mass 
is  pump-filtered,  and  the  solid  residue  pressed  in  blotting  paper,  and  then  again  dis- 
tilled, collecting  what  passes  at  290°-810°.  Above  this  temperature  little  but 
phenanthrene  passes  over,  this  hydrocarbon  being  thus  obtained  almost  pure,  and 
constituting  about  one-half  of  the  pressed  crystals.  On  a^n  distilling  and  collecting 
at  295°-805°,  a  yellowish-white  mass  is  obtained,  consisting  of  fiuorene  mixed  with  a 
little  oxidised  substance  and  some  acenaphthene;  these  are  eliminated  by  successively 
crystallising  from  a  mixture  of  benzene  and  alcohol,  alcohol  alone,  and  glacial  acetic 
aad.  The  last  named  solvent  removes  the  oxidised  substance,  but  the  same 
result  may  also  be  obtained  by  exposing  to  sunlight  a  solution  of  the  crude  fluorene  in 
benzene. 

Absolutely  pure  fluorene  may  be  prepared  from  the  nearly  pure  substance  thus 
obtained  by  dissolving  it  in  ether,  and  adding  the  requisite  quantity  of  picric  acid. 
On  slow  evaporation  flne  red  needles  of  the  picric  acid  compound  of  the  hydrocarbon 
gepHTate,  melting  at  80^-82^;  by  treating  these  with  aTnmou\&,lK«\i^^xc)naxVkT^\%iRX. 
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free ;  and  by  repeating  the  combination  with  picric  acid  and  r^g«i»ratiaa  mml 
times,  a  perfectly  pnre  prodnct  is  obtained. 

Flaorene  thus  prepared  melts  at  113°»  boils  at  aboat  805^,  and  sublisMivitb  «■§ 
difficulty  in  granular  aggregates  of  very  small  white  platfOS,  exhibiting  a  bewxU 
nolot  fluorescence,  which,  however,  dimppears  on  exposure  to  light.  I:  if  t«j 
soluble  in  ether,  benzene,  carbon  sulphide,  and  hot  alconol,  sparingly  soluble  is  di 
alcohol  (Barbior).  It  unites  with  vicryl  ehloride^  forming  the  eoKpood 
C'*H>*.C*k2(N0s)'Cl,  which  ciystallises  in  orange-yellow  needles  melting  at  CS^-TI" 
(Liebermann  a.  Palm,  Ber,  viii.  377). 

When  fiuorene  is  heated  to  about  275^  with  ten  times  its  wei^t  of  a  solBtia  rf 
hydriodic  acid  saturated  at  0^,  carbon  is  set  fVee,  together  with  Tarious  hydxTxaite 
of  less  complex  character  than  fiuorene,  viz.  benzene  and  toluene,  togeih*  vitk  i 
hydrocarbon  boiling  near  220°,  and  entirely  soluble  in  Aiming  nitric  acid.  If  aliqir 
quantity  of  hydriodic  acid  be  used  (40  pts.)  hexane  and  heptane  and  a  tnlaem 
C"H",  are  formed,  together  with  a  minute  quantity  of  a  hydrocarbon  voladk  t 
about  360°.  The  tridecane  thus  produced  is  not  attacked  either  by  nitric  adi^ 
bromine,  or  ftiimng  sulphuric  acid ;  it  is  also  formed  by  heating  flnorene  to  20ft^  vtt 
red  phosphorus  and  hydriodic  acid  of  sp.  gr.  1'5. 

Fiuorene  is  slowly  oxidised  by  chromic  acid  disaoWed  in  glacial  acetic  acid,  or  ^ 
a  mixture  of  potassium  dicbromate  and  sulphuric  acid,  Ibrming  dipheavUu 
ketone,     C>*H*0  =  (C*H')*CO,     and     fluorenequinone,      C»H*0«,     pcrimp 

CO^Qg^i^O,  together  with  formic,  oxalic,  and  phthalie  acids.     The  kecose  wA 

quinoue  are  insoluble  in  water,  and  may  be  separated  from  one  another  by  mMU  oil 
warm  mixture  of  alcohol  and  beuzene,  which  on  cooling  deposits  grains  of  the  moMk 
while  the  ketone  remnins  in  solution.  By  reciystallising  these  grains  fiom  \aam 
the  fluorene-quinone  is  obtained  pure.  It  melts  at  181°-182'',  is  rednced  to  Ami 
by  heating  it  to  180°  with  iodine  and  phosphorus,  and  converted  by  snlpbuioia  tei 
solution  at  100°  into  a  ciystallino  product  probably  consisting  of  flaoffeDe4i|dio^ 
none  (Barbier). 

When  fiuorene  is  distilled  over  moderately  heated  lead  axide^  a  semi-soUd  ndiA 
product  is  obtained,  which  may  be  freed  from  resinous  bodies  by  digestioo  witk  kK 
alcohol ;  and  on  dissolving  the  residue  in  a  mixture  of  sJcohol  and  beaam.  tk 
solution  after  a  while  deposits  long  vellow  needles,  which,  after  one  recryitalliate 
melt  at  270°,  and  have  tho  composition  i»C"H'.  On  evaporating  the  UMitlwi'lMjiS. 
and  repeatedly  boiling  the  residue  with  quantities  of  glacial  aeetic  add  not  nfieiM 
to  diasolve  it,  further  quantities  of  this  body  are  removed*  and  another  hydiDeate 
remains,  which,  when  purified  by  reciystallisation  from  glacial  acetic  srid,'^ — 
large  red  well-defined  shining  crystals.  This  body  has  the  composition  aCH". 
at  182°-183°  and  boib  above  360^.  It  unites  with  vicrie  aeidm  alcohulie 
forming  an  unstable  compound,  C^H*^C*H'N*0^  which  melts  at   177^-178".    Wki 


the  vapour  of  this  hydrocarbon  is  passed  over  heated  tinc^ust, 
together  with  other  products.  On  treating  this  same  hydrocarbon  in  boiliBg  aleo^Dir 
solution  with  sodium-amalgam,  the  reddish  liquid  gradually  becomes  ooIouiMa  wk 
yields  a  new  hydrocarbon,  CH"*,  which  crystallises  firom  a  mixture  of  beascM  wi 
alcohol  in  colourless  needles  melting  at  241^-242®.  From  the  formatioa  of  ihif  Itf 
hydrocarbon,  and  the  composition  of  the  above-mentioned  picric  acid  ffonnnniid  '^ 
m^be  inferred  that  the  hydrocarbon  melting  at  182^—188^  has  the  cumiwaMi 
C^**,  and  that  it  is  formed  from  fiuorene  in  the  manner  shown  by  the  «qnatioB: 

2  I        >CHs  +  0»  =    I        >C=C<  +   2H«0 

Besides  the  hydrocarbons  above  mentioned,  the  action  of  heated  lead  oxidt* 
flnorene  gives  rise  to  a  body  melting  at  170^  (0.  de  la  Harpe  ik  W.  A.  vao  Daf 
DcuL  Chem,  Ges,  Bcr.  viii.  1048). 

Bromoflnorenes.  Dihromofiuorene,  C'*H'BiJ,  is  obtained  by  addi^  tk» 
calculated  quantity  of  bromine  dissolved  in  carbon  disolphide  to  a  solntioB  of  taawi 
in  the  same  liquid.  On  distillation  a  residue  is  left,  which  mar  be  freed  froa  and 
liyc-product  by  washing  with  ether ;  the  insoluble  substance  is  then  crystalliMd  cvie 
from  carbon  disulphide  by  spontaneous  evaporation. 

The  crystals  of  dihromofiuorene  are  monodinic,  and  exhibit  the  ffHsi**^ 
ooP  .  OP  .  oo5oo  .  ooi>2  .  -P.  Angle  ooP  :  ooP-97"  40';  OP  :  «P»9r  *: 
oP:  00^00  =xl02«>  10';  — P:0P=131<»;  <»»2;0P  =  94**  66';  •»  :  «SS-ISI* 
12'.    Cleavage  parallel  to  OR 

Dibromufiuorcne  is  nearly  insoluble  in  ether  and  in  alcohol,  bnt  disnlvw  wA^ 
in  carbon  au\p\i\OLe  Mv^\ii  eSA\3»'tcftc(n!Gu  \\*TSA\\a^  VW~l.Q7«,  **^Ttilt  nachsMrftf  • 
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high  temperature,  and  is  not  attacked  by  boiling  alcoholic  potash.  Heated  with  red- 
hot  lime  It  yields  dipheny  1 ;  and  when  treated  with  dinitroanthzaqninone  (Fritzsche's 
reagent),  it  forms  lemon-yellow  rhombcndsl  plates. 

Tribromofiuorene,  CH'Br*,  is  formed  by  treating  flnorene  with  excess  cf 
bromine,  or  by  heating  dibiomoflnorene  with  bromine : 

C"H^r«  +  Br»  -  HBr  +  0»»H'Br"; 

but  it  is  noC  easily  obtained  free  from  dibromoflnorene,  as  the  two  compounds  are 
almost  equally  soluble  in  carbon  disulphide  and  in  chloroform.  Ilie  tribroma4eriva- 
tire  is  insoluble  in  alcohol  and  in  ether.  After  repeated  crystallisation  from  carbon 
disulphide  it  forms  light  yellow  needles,  melting  at  161^-162^,  and  decomposing  at 
a  higner  temperature. 

Tetrabromofluorene,  C"H*Br^,  resembles  the  tribromo-compound. 

Monobromofluorene  dibromide,  0**H*Br3r*a  qiq^J^^CH*,  is  obtained  by 

bringing  bromine  and  fluorene  together  in  such  a  manner  as  to  avoid  rise  of  temperature, 
which  is  effected  by  slowly  passing  air  charged  with  bromine-vapour  into  a  solution 
of  fluorene  in  carbon  suljphide.  This  compound  forms  silky  yellow  needles  soluble  in 
benzene,  but  decomposing  on  frequent  crystallisation  into  hydrobromic  add  and 
dibromofluorene ;  the  same  decomposition  is  instantly  produced  by  alcohoUo  potash. 

Vltroflaor«Bes«  Mononitrofluorene,  0*'H*Q70*),  is  prepared  by  boiling 
fluorene  for  twen^-four  hours  with  ordinary  nitric  acid  diluted  with  twice  its  bulk  of 
water.  When  purified  by  recrystallisation  from  a  mixture  of  alrahol  and  benzene, 
it  forms  a  red  powder  which  melts,  with  decomposition,  at  a  somewhat  high  temper- 
Btxatm 

Dinitrofluoren^  0*H*(NO')*,  is  obtained  by  dissolving  fluorene  in  a  mixture 
of  equal  volumes  of  fuming  nitric  and  glacial  acetic  acid,  kMping  the  solution  cool. 
When  separated  by  water,  dried,  and  crystallised  ftom  a  mixture  of  nitrobenzene  and 
light  coal-tar  oil,  it  forms  reddish-yellow  needles,  which,  if  slowW  heated,  melt  with  a 
certain  amount  of  alteration  at  a  temperature  above  260^,  but  decompose  with 
deflagration  when  rapidly  heated. 

A  flttoreneaiUpkoiio  aeid  is  obtained  by  heating  fluorene  with  strong  sulphuric 
acid ;  its  salts  are  either  unczystallisable  or  eiystaUise  with  difficulty. 

9i9mmm  w^man^atmi'm  i  jlio      or      r&vomavio      JUiOOSO&» 

C«H\ 
C»H>*0- I     ^GH(OH)  (Barbier,  loe.  eit.)    This  secondary  alcohol,  which  may  be 

regarded  as  derived  from  methyl  Alcohol,  HOH^OH),  by  substitution  of  the  diatomic 
group,  — 0*H* — C*H^ — ,  for  2  at.  hydrogen,  is  formed  by  the  action  of  nascent 
hydrogen  on  diphenylene-ketone,  (O'H* — G*H*)0O.  It  is  soluble  in  common  alcohol 
and  ether,  more  easily  in  benzene,  and  crystallises  from  the  latter  in  hexagonal 
dlates  melting  at  168^.  Oxidising  agents  reconvert  it  into  diphenylene  ketone. 
With   acetic    anhydride    at    lUO^    it    forms    fluorenic    acetate,    C"H*K)'" 

I       \OH(OG'H"0),  a  crystalline  body  melting  at  76^,  and  saponiflable  by  barytap 

water  at  120^,  with  formation  of  barium  acetate  and  reproduction  of  the  alcohol. 

Fluorenic  alcohol  heated  to  a  temperature  a  little  above  its  melting  point,  gives 
up  water  and  is  converted  into  fluorenic  oxide  or  fluorenic  ether, 

Cmv  H         H  Xra« 
CMH>H)  «  C»"H»— 0— CWH»  -    I       Xc— 0— CC  I 

a  nearly  colourless  resinous  body,  melting  at  290^,  very  soluble  in  benzene,  but  only 
slightly  soluble  in  ordinary  alcohol  and  ether. 


G>«Hi«-H*a-OH(C^*)'  (Goldschmiedt,  Deut.  Chem. 
Ges.  Ber,  vi.  1601).  This  hydrocarbon  is  obtidned  by  leaving  diphenyltrichlorethane 
in  contact  with  alcohol  and  sodium-amalgam  at  a  temjperature  of  80^-40^.  The  oily 
product  still  contains  chlorine,  and  must  therefore  be  first  heated  with  hydriodic  add 
and  red  phosphoms  to  210^,  and  then  digested  with  sodium  on  a  water-bath. 
Biphenylethane  is  an  oily,  limpid,  and  ^ery  refractive  liqiud,  possesnnff  a  very 
agreeable  smell,  and  boiling  at  268^-271^ ;  in  a  freedng  mixture  it  sblicufies  to  a 
crystalline  mass.  When  oxidised  with  chromic  add  solution,  it  yields  diphenvl  ketone 
and  a  litUe  benzoic  add.  When  its  vapour  is  passed  through  a  red-hot  tube  filled 
with  fragmentB  of  pwauce,  stilbene  apMarato  b%foxiiMd.  firomiiiVft^Rte  ftow^ 
9rd  Aip.  XX. 
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on  diphenjlethane.    Fuming  mirie  acid  disBolveB  it  Teiy  readilj,  and  the  aoliitiiMi 
ROOD  oepositB  crystalB,  l^it,  on  adding  water,  resinous  prodncts  are  predpitated. 

According  to  Badziszewski  {Deut.  Chem.  Ga,  Ar,  yii.  140),  dipioenylethaaft  is 
easily  formed  by  the  action  of  sine  on  a  mixture  of  pheDylbrometnyl  and  beneaa ;  it 
boils  at  268^-270^.  At  the  same  time  a  white  ftagrant  solid  body  melting  at  124'  is 
formed,  in  greater  abundance  as  the  proportion  of  benzene  employed  in  the  reactka  is 
larger. 

Bipbeitjl-moao01iloretluuie«  G*«H>*01 »  (C*H*}*HC— OHKH  (E.  Hepp,  2M. 
Chem,  Get,  Ber,  vi.  1489 ;  yii.  1409).  This  oomponna  is  formed  by  the  aetico  cf 
dichlorethyl  oxide  on  benzene,  in  presence  of  strong  snlphnrie  add : 

ctSIIotv>^  =  CH«01— CHO  +  0H«C1-CH» 

DUdilorethyl  oadde.  Konodhlar-  Btiijl  ohloride. 

aldehyde. 

and  2Cra»  +  CEPOl— OHO  =  H«0  +  (0^«HO— CH*CL 

Bensene.  Monodhlar-  Diidieiiyi-moooolikiretliaiie. 

Aldehyde. 

On  adding  snlphnrie  acid  to  a  mixture  of  dichlorethyl  oxide  and  benzene,  the  liood 
becomes  turbid,  and  the  benzene  separates  in  the  form  of  a  light  red  layer.  Tht 
addition  of  sulphuric  acid  is  continued,  with  constant  agitation,  and  ociessioaal 
cooling,  till  the  reaction  is  completed,  alter  which  the  dark  brown  mass  ia  left  to  itsilf 
for  a  day  and  then  poured  into  water.  Diphenylchlorethane  then  aepaxatea  as  aa  dl, 
which  may  be  partially  purified  by  distillation  with  water,  and,  if  then  diadQediifp 
«0,i8resolTedintoHOlanddiphenylethyleneorstilbene,OfH* — 0HzzOH--0w. 
By  boiling  with  alcoholic  potash,  on  the  other  hand,  it  is  couTerted  into  iaoatilbeii^ 
CH«=0(C^»)«,  (p.  678). 

Blpbeii7l-«nbrometliaiie«  (0*H*)<H0— CBr",  is  prepared  by  mixing  1  noL 

bromal  and  2  mols.  benzene  with  about  a  double  volume  m  strong  sidphnzie  add: 

CBr«— COH  +  2C«H«  -  HH)  +  (C^»)«H0— CBr* 

The  mixture  turns  first  orange-yellow,  then  brown,  finally  dingy  green,  and  depoati, 
especially  if  the  benzene  has  not  been  added  in  excess,  a  crop  of  cryatala  often  oif  eoa- 
siderable  size.  The  mass,  having  been  left  for  two  or  three  days  till  it  has  beeont 
pulpy,  is  poured  into  water,  and  the  separated  ciystals,  after  washing  fixat  with  eold 
and  then  with  warm  water,  are  recrystallised  from  absolute  alcohol  with  additioa  of 
animal  charcoaL 

Diphenyl-tribromethane  crystallises  from  alcohol  in  needles  or  l^twiTMfc,  from  etba 
in  transparent  colourless  monodinic  prisms  5  or  6  mm.  long.  Axial  ratio  a  (efinod.) : 
b  (orthod.):  c»  1*21416:  1  :  0-6048.  Angle,  ae^lOO^  81'.  Obaerved  £mm 
ooP  .  ob92  .  ooPoo  .  ooSao  .  Soo  .  4Pco  .  The  crystals  are  developed  in  the  fom  of 
thin  tablets,  sometimes  in  the  direction  of  the  orthopinacoid,  sometimea  in  that  of  the 
plane  of  the  optic  axes,  which  is  the  plane  of  symmetry.  Double  reficactioa  poaitife 
and  weak.  The  apparent  acute  angle  of  the  optic  axes  m  air  is  1 1 1**  17^  for  red,  111^ 
for  yellow,  and  90°  61'  for  green  light  (Hintze,  Pogg.  Ann,  dii.  265). 

biphenyl-tribromethane  melts  at  89°,  dissolves  easily  in  ether,  chlurofoiBi,  csiboi 
disulphide,  hot  glacial  acetic  acid,  and  alcohol,  less  easily  in  cold  alcohol,  beoKM, 
and  aniline.  When  heated  it  decomposes,  with  sraaration  of  hydrogen  brmide. 
Heated  with  lime  it  gives  off  the  odour  of  diphenyl.  On  boiling  diphen^-btoawthsBt 
for  some  time  with  alcoholic  potash  in  a  vessel  with  reversed  ocmdenaer,  and  poanig 
the  mass  into  water,  diphenyl-dibromethylene,  (C*H.*yC=(JBi^,  aepazatas  ii 
shining  needles.  The  same  compound  is  formed  £rom  diphenyl-tribromethane  bj  dij 
distillation,  by  heating  it  to  UO^'-ISO^,  with  ^coholic  ammonia ;  and  by  heating  it 
to  the  same  temperature  with  silver  acetate  and  a  little  gladal  acetic  acid : 

(0*H»)«CH— CBr»  +  C«H»0«.Ag  a  AgBr  +  0«H*0«  +  (rymyrwipr* 

On  heating  6  grams  of  diphenyl-tribromethane  with  20  gr.  hydriodic  acid,  b.  pi  117*. 
and  1*6  gr.  red  phosphorus  for  several  hours  at  170°,  an  <nl  was  obtained,  togethv 
with  a  compound  which  melted  at  80°,  and  separated  from  ether  in  cryatala,  l^J^y^ 
according  to  Hintze's  measurement,  to  uie  monoclinic  system.  Axial  ratio: 
a  (dinod.)  .*  b  (orthod.)  :  em  1*2221 :  1  :  0*42466.  Angle  ac^  106°  21'  40*.  Oonbi- 
nation,  ooP .  ooSao  .  Sao  •    This  compound,  which  was  obtained  in  email  qoaatiij 

Dmpatible 
Leoe.  Whoi 

^ ,  _^ ,  —  ^ — ^ ,  was  heated 

i  avni  to  %\^ ,  ^  '^gvAxiR^  ^sraa  {onnad  whidi  appwred  fiom  auMi 
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IMplMBjUtrfleliloraittHUMt  (0*H*fHG— CGI',  is  ibrmed,  like  the  oorrespondiiig 
bromine-oompound,  br  the  action  of  chloral  on  bensene  in  pmeenee  of  ■tiong  solphnric 
acid  (Baeyer,  Deut.  Ciem.  Ges,  Ber.  y.  1097).  It  has  not  been  obtained  in  measur- 
able crystals,  but  appears  to  be  isomorphons  with  diphenyl-tribiomethane  (ffintce). 
It  dissolves  easily  in  ether,  chloroform,  carbon  disulphide,  hot  fflaeial  acetic  ado, 
and  alcohol,  less  easily  in  cold  alcohol,  bensene,  and  aniline.  Heated  with  lime  it 
exhales  the  odour  of  mphenyl,  and  is  converted  by  dry  distillation,  or  by  treatment 
with  alcoholic  potash,  into  diphenyl-dichlorethylene,  (C*H*)*0=001.  In 
alcoholic  solution  it  is  slightly  decomposed  br  boiling  with  potassium  cyanide,  with 
ftomation  of  hydrocyanic  acid  and  dinhflDyl-diailorethylene.  When  '^[ftpcni'  of  diphen^- 
tzichlorethane  is  passed  over  red-not  dnc-dust^  stilbene,  O'^Et",  is  produced, 
together  with  a  small  quantil^  of  liquid  smelling  of  beoaene  and  diphaDyl  (Gold- 
•ehmiedt,  Dmtt,  Chem.  Oes,  Ber,  vi  086). 

]MmoDe1iromaplieB7l-trle]Uor«fluuM»  (C*H%)>[HC— OOL',  is  prepared  by 
digesting  1  pt.  bramobemene  and  3  pts.  chloral  with  4  or  6  vols,  strooff  suphurio  acid 
for  some  time,  with  fireq^uent  agitation  and  gentle  warming  of  the  liquid  on  the  water- 
bath.  As  soon  as  a  white  tenacious  mass  ceases  to  separate  from  the  liouid,  a  luge 
quanti^  of  water  is  added,  and  the  oil  thereby  separated,  which  soUdifles  to  a 
crystalline  mass  on  exposure  to  the  air,  is  wa«ied  with  water,  and  reerystallised 
from  hot  ether-alcohol. 

Dimonobromophenyl-triohlorethane  is  insoluble  in  benzene,  very  sparingly  soluble 
in  cold  alcohol  and  glacial  acetic  add,  more  freely  in  hot  alcohol,  chloroform,  and 
ether,  very  easily  in  carbon  disulphidsi  From  alcohol  it  dystaUises  in  colourless 
siU^  needles ;  from  a  mixture  of  alcohol,  ether,  and  chloroform,  or  from  carbon 
disulphide,  in  lar^  compact  arvstals.  Melting  point,  189^-141^.  Bv  heating  with 
aloohoUc  potash  it  is  converted  into  dimonobromophenyl-diohlorethylene, 
(CH%)>a=OCl*  (0.  Zeidler,  Deut,  Ckem.  Gee,  Ber.  vii.  1180). 

Dmiiro  -  dimonoiramopken^l  -  Mehlaretiane,  C^'E^CVBi^W     « 

[C'H*(N(^)Br]*HC— 001",  obtained  by  heating  the  preceding  compound  with  Aiming 
nitric  add  till  it  is  completely  dissolved,  crystallises  from  uo(diol  in  yellowish  pris- 
matic needles  melting  at  168''-170®  (Zddler). 

IMmoaoeliloropliettjl-trloliloretluuie*  ^0*HK}1VH0=GC1',  prepared  like 
the  corresponding  compoimd,  orvstallifles  from  etker-alconol  in  white  felted  needles 
resembling  quinine  sulphate,  behaves  to  solvents  like  the  bromine  compound,  and 
melts  at  lOd"*.  By  prolonged  boiling  with  alcoholic  potash  it  is  couverted  into 
dmanoekloropkei^Sfl^ichlor^UHe,  (0«H«Cl)H3=Ca«. 

Dmiiro  -  dtmonookhropkenyl  -  trioUoretkylene,  0*«H'C1*(N0*)'      - 

[C«H^N0>)01]'HC— Cd*,  separates  from  its  solutions  in  fine  crystals,  from  alcohol  in 
needles,  and  melts  at  143^.  The  crystals  (measured  by  Hintse,  Pegg,  Jtm.  cUL  265) 
are  monoelinic,  with  the  axial  ratio:  a  \  6- 1*8104  :  1.  Angle  a 0b  110^  36'.  Faces, 
ooP,  ooP60,0P.  Thedarkyellowciystalsare  moderately  transparent,  shortly  prismatic 
scarcely  1  mm.  long.  The  plane  of  symmetry  is  the  plane  of  tne  optic  axes.  The  axis 
of  greatest  elastidty  makes  in  that  plane  an  angle  of  about  28°  22^ with  the  transverse 
frioe,  and  is  the  first  median  line.  Double  refraction  ne^tive  and  strong.  Dispersion 
p  <  r.    The  apparent  acute  angle  of  the  optic  axes  in  air  is  about  68®. 

Dinitro-dimonochlorophenyl-trichlorethane  yields,  with  alcoholic  ammonium  sul- 
phide, a  product  crystallising  from  acetone  in  small  yellow  needles  (Zeidler). 


C»«H»«  -  0^C^»)«  — Of  this  hydrocarbon 
there  are  two  modifications,  vis.  stilbene,  boiling  at  806^-307°,  and  isostilbene 
at  277°.  Both  are  formed  by  abstraction  of  HCl  fh>m  diphenyl-monochlorethane, 
CHKn— GH(0*H*)*,  the  former  by  the  action  of  heat  alone,  the  latter  bv  boilinff  with 
alcoholic  potash.  Now,  as  this  last  reaction  takes  place  with  great  fiicility  and  at  a 
moderate  neat,  the  resulting  diphenylethene  has  doubtless  a  constitution  similar  to 
that  of  the  diphenylchloretnane,  that  is  to  say,  with  both  its  phenyl-atoms  attached 
to  the  same  carbon-atom  of  the  ethylene-molecule : 

OH«a  CH« 

I  -  Ha  -  M 

OH(0»HV  0(C«H*)« 

DlplMnjloiilor-  iMstfllMBe. 


and  hence  it  must  be  inferred  that  in  the  formation  of  stUbane  from  the  same  oooi- 
pouad,  which  takes  place  at  a  much  higher  temperature,  a  moleeular  translbRnatloii 
occfoiB,  rasnltiz^in  toaibrmation  of  the8ymmetncal.inolecn)k\*^C^B.^ — Q>Sb=i^— W&.^ 

xx2 


676  DIPHENYL-ETHYLENE   (STILBENB). 

in  which  each  of  the  phenyl-atoms  is  attached  to  a  separate   carbon -atom  of  :!■ 
ethylene  (Hepp,  Deut,  Chtm.  €res.  Ber.  vii.  1409). 

BtUbaDa  is  also  formed  by  the  following  reactions  : 

a.  By  heating  amorphous  t-hiobenzaldehyde  with  finely  divideil  copper : 

t    +  Gu*  -   2008  +  LI 

0*H»— CHSJ  C«H«— CH 

(Klinger,  Deut.  Chem.  Oea,  Ber,  ix.  18921 

/S.  By  passing  the  yaponr  of  diphenylethane,  G'^fl'S  through  a  rad-hot  tube  fU 
with  fragments  of  pumice,  or  Uiat  of  diphenyl-trichlorethane,  C'*fi"Cl\  orer  md-kdt 
zinc-dust  (Goldschmiedt«  Deut.  Chem,  Gee.  Ber,  yi.  916,  1501 )! 

7.  Together  with  toluene,  by  heating  dibenzyl  in  sealed  tubes :  2CH'*«C**H"« 
2C'H»  (Barbier,  Ann.  Ch.  Pkys,  [6],  vii.  472). 

8.  By  heating  toluene,  C>*H*»,  to  170<'-180<»  with  hydriodio  acid  and  redpte- 
phorus,  diphenyl  being  also  produced  if  the  action  be  prolonged  (Barbier,  Compt.  mi 
Ixxviii.  1772). 

e.  By  heating  1  pt.  dibenzyl  with  \  pt.  sulphor :  C»«H»«  +  8  «  SH»  +  C«IP 
(Radziszewski,  Deut,  Chem,  Oee,  Ber,  viii.  768).  Hence  also  it  is  obtained  by  diitit 
ling  barium  phonylacetate  (o-toluate^  wiUi  a  slight  ezoeas  of  salvor,  inkcadtf 
dibenzyl  which  is  formed,  in  the  first  instance,  accwding  to  the  equation : 

CH«(0«H»)— COOv  0"H»— CH» 


>Ba  +  8  -  BaS  -f  2C0'   +  I 

(K  0«H»— CH» 


CH^C*H»)— C0( 
Barium  phenylacetate.  DibenzjL 

The  solidified  distillate,  when  pressed  and  erystallifled  from,  alcohol  and  ether,  viddi 
a  large  quantity  of  pure  stilbene.  Phenylacetate  of  lead,  distilled  with  a  large  cna 
of  sulphur,  likewise  yields  stilbene,  together  with  an  easily  fusible  saUuaa 
(Kadziszewski,  ibid,  yi.  390). 

(.  By  passing  the  vapour  of  toluene  oyer  heated  lead  oxide  (Behr  a.  Tan  Hm^ 
aid,  1601): 

Cra«— CH»)  C«*— CH 

I   +  0«  -  2H«0  +  II    . 

C«H»— CH»j  C«H»— CH 

T(diume  (3  mols.)  Stabene. 

This  reaction  affords  a  confirmation  of  the  constitutional  foxmula  abore  r*"'g***  ^ 
stilbene. 

To  prepare  stilbene  by  this  method,  vapour  of  tolnene  is  slowly  imwuil  (1  Atf 
volatilised  in  ten  seconds)  over  lead  oxide  neated  to  doll  redness  in  an  xn»  tik 
The  solid  portion  of  the  distillate  consists  mainly  of  stilbene,  the  liquid  portioD  of  i 
solution  of  stilbene  and  other  hydrocarbons  in  toluene.  The  product  remainiaK  dm 
distilling  off  the  toluene  is  mixed  with  the  solid  mass  first  obtained,  and  th«vbo!f  ■ 
once  crystallised  from  alcohol,  wherobv  perfectly  pure  stilbene  is  obtained  amoosni 
to  16  per  cent,  of  the  toluene  employed.  As  bye-prodncts  of  the  reaction  an  faatL 
diphenyl  (probably  from  benzene  mixed  with  the  toluene),  phenanthTCBSy  anthxaoM 
and  liquid  hydrocarbons  probably  consisting  mainly  of  ditolyL 

C.  Forst  {LUbi^s  Annalen,  clxxviii.  370;  Jahresb,/,  Ckem.  1876,  401)  has  earn- 
pared  the  different  methods  recommended  for  the  preparation  of  stilbene,  and  ^ts 
the  preference  to  that  of  Marcher,  which  consists  in  the  decompoaition  of  bM^i 
sulphide,  C"H>«S.  and  disulphide,  0>«H«S*,  by  heat  (y.  859).     Bensyl  chloride  ii  te 

Sroduced  by  passing  dry  chlorine  into  nearly  boiling  toluene  ;  the  portion  of  the  p* 
uct  which  boils  between  175^  and  210^  is  added  to  an  alooholicsoKtion  of  potMsn 
sulphide ;  and  the  sulphur-compounds,  which  separate  on  diafiHiig  ^  tht  ikoU 
are  heated  insmallretortsoveracharooalfire^as  lon^  as  anything  passes  ovsrviKte 
the  application  of  too  high  a  temperature.  The  solidifled  distillate  lafresd  by  nw 
from  oily  substances,  and,  when  once  redistilled  and  crystallised  from  aleohof  jii^ii 
pure  stilbene  amounting  to  9  or  1 0  per  cent,  of  the  bensyl  chlotide  used.  Badsissmkt  ■ 
method  of  distilling  barium  phenylacetate  with  sulphur,  easily  yields,  seeorii^  k 
Forst,  a  pure  product^  but  the  amount  is  not  satis&ctQory.  IjorenWs  ^iw^hr*  (pHHI 
toluene  vapour  over  heated  lead  oxide)  yields,  aooovding  to  Font,  only  a  — *i'  q«EB? 
of  stilbene,  but  large  quantities  of  tany  and  resinous  pKodneta.  Lncm,  hosv^- 
maintains  that  when  the  process  is  properly  conducted  these  products  aie  not  tm^ 
From  100  grams  of  toluene  Lorenz  obtained  18  grms.  stilbene. 

BtilbcTiQ  m«\\A  at  W!P  (Btunuar,  lAebi^i  Annaiem,  eli.  183)  and  boQs  at  ^df-^- 
Its  vapouz  passed  \]iiEQu^  a  miAi^  Vq^a  \a  xwiA:nJi  v-^*^*^  ^iffnMmtTiws  and  td^^' 
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C^»— CH  0»H«— OH 

8  y  -     2  I  M      +  2(C«H».0H») 

C«H»— CH  C^«— CH 

Stilbene.  Fh«iuaithiene.  Toluene. 

(Graebe,  Deut,  Chem,  Oea.  Bw,  Ti.  494). 

On  the  Decomposition  of  Stilbene  bromide  by  Potftseinm  Acetate  and  Alcohol,  see 

HTDBOBEIfZODf  (p.   680). 

Nitro-deriyatlTes  of  Stilbene.  DinUroitUhme,  0>«H>*(NO*)*  - 
C«H<(NOn— CH=CH--C^*(NO«J,  may  be  prepared  by  diwolTing  nitrobenzyl 
chlonde,  C^'(NO')01,  in  wann  alcohol,  mixing  t£id  solution  with  excess  of  aqueons 
potash,  filtering  off  the  salphnr-yeUow  flocks  which  separate,  and  crystallising  them 
from  alcohol.  The  dinitro-compoond  crystallises  in  shming  yellow  needles  having  a 
green  shimmer,  Tery  slightly  soluble  in  alcohol,  almost  insoluble  in  ether  and  in 
benzene,  somewhat  fireehr  soluble  in  nitrobenzene.  Hot  olaciid  acetic  acid  likewise 
dissolyes  it  in  considerable  quantity,  and  deposits  it,  for  the  most  part,  on  cooling,  in 
warty  groups  of  crystals.  It  melts  at  280^  to  a  liquid  which  on  cooling  solidifies  to 
ft  crystalline  mass.  It  sublimes  in  yellow  laminas.  With  nitric  add  it  yields  yellow 
resinous  products,  and  when  boiled  with  alcoholic  potash  it  is  converted  into  a  brown 
amorphous  mass  insoluble  in  all  the  ordinary  solvents.  Bjr  boiling  with  alcoholic 
ammonium  sulphide  it  is  converted  into  amidoedlbene,  O'^H'^NH*),  and,  when  heated 
therewith  to  100^  into  diamidostilben^  G>«Hi*(NH^  (J.  Strakosch,  Deut.  Chem.  Cha. 
Ber,  vi.  828). 

When  1  pt.  of  stilbene  is  dissolved  in  26  pts.  of  ether,  and  7  pts.  of  fuming  nitrio 
acid  are  added  hydrops  to  the  well-cooled  solution,  a  compound,  U**H*'N"0',  is  formed 
which  separates  after  twenty-four  hours  in  concentric  groups  of  white  needles.  It  is 
soluble  m  glacial  acetic  acid,  and  crystallises  therefrom  also  in  needles ;  insoluble 
in  benzene,  chloroform,  ether,  and  carbon  disulphide.  It  melts  at  220^,  giving  off 
red  fames,  and  is  decomposed  in  a  similar  manner  by  strong  sulphuric  add.  Bromine, 
nascent  hydrogen  and  cnddising  mixtures  act  upon  it  but  slowly.  By  boiling  with 
alcohol  it  is  converted  into  another  oompound,  which  gives  bv  analysis  numbers 
leading  to  the  empirical  formula,  0"H"N*0^ ;  crystallises  from  tne  alcoholic  solution 
by  spontaneous  evaporation  in  nlky  yellow  needles;  melts  without  decomposition 
between  60^  and  70°,  after  gradual  softening ;  and  dissolves  readily  in  alcohol  and 
ether.  The  mother-liquor  of  the  white  substance  which  separates  from  the  ethereal 
solution  of  stilbene  on  treatment  with  nitric  add,  yields,  on  spontaneous  evaporation 
of  the  ether,  recrystallisation  of  the  residue  from  gladal  acetic  add,  and  evaporation 
of  that  solvent,  an  oil  having  a  strong  odour  of  bitter  almonds,  and  a  oompound 
which  crystallises  in  large  colourless  prisms  melting  at  123^-126°  (Lorenz,  DmU. 
Chtmu  Ges,  Ber,  vii.  1096). 

The  compound  C**H"N*0',  heated  to  160°  with  hjrdrochloric  acid, yields  benzoic 
add,  nitrobenzene,  a  gas  which  turns  red  in  contact  with  oxygen,  and  a  non-azotised 
body  cryrtallidng  in  needles.  Water  acts  on  this  nitro-compound  in  the  same  way 
as  hydrochloric  add.  By  prolonged  boiling  with  alcohol  or  by  heating  therewith  to 
100^-120°  in  sealed  tubes  it  is  converts  into  a  wine-yellow  compound.  Other 
alcohols  act  upon  it  in  a  similar  manner  (Lorens  a.  Blumenthal,  ibid,  viii.  1050). 

Amidostilbenes  (Strakosch,  Deut,  Ckem,  Gee,  Ber,  vi.  829). 
Niiroamidoetilbene,  0*H^O')CH=OH.C^XNH'),  and  JHamidoetilbene, 
C>HXNH*).CH=CH.CHXNH^,  are  formed  by  reducii^  dinitrostilbene  with  ammo- 
nium sulphide.  To  prepare  the  fbrmer,  dinitrostilbene  is  heated  for  a  short  time  in 
an  open  vessel  with  aloondio  ammonium  sulphide  till  the  liquid  assumes  a  dark  red 
colour ;  the  alcohol  is  dien  distilled  off;  the  reddue  exhausted  with  strong  hydrochlOTic 
add ;  the  liquid  filtered  fh)m  sulphur  and  unaltered  dinitrostilbene  is  mixed  with 
caustic  soda ;  and  the  resulting  predpitate  is  freed  firom  diamidostilbene  by  washing 
with  dilute  hvdrochloric  add,  and  recrystallisation  from  nitrobenzene. 

NttroanUaostilbene  crystaUises  from  hot  nitrobenzene  in  purple-red  leafiets.  It  is 
very  slightly  soluble  in  alcohol,  ether,  or  benzene,  insoluble  in  water.  When  heated 
to  229°-230°,  it  melts,  and  at  a  higher  temperature  sublimes  in  red  leaflets.  Hot 
hydrochloric  add  dissolves  it,  and,  on  cooling  a  hydrochloride,  C^^H^'N'O'.HCl,  is 
deposited  in  shining  yellow  needles.  This  salt  is  decomposed  by  water,  or  by  heating, 
with  separation  ofhvdrochlorio  add,  but  crystallises  unaltered  flrom  alcohol  contain- 
ing hyiuochlorio  acia.    An  attempt  to  prepare  the  platinochloride  was  unsuccessftil. 

Diamidoetilbene,  C**B}*(JSBjy,  is  obtained  by  heating  dinitrostilbene  with  alcoholic 
ammonium  sulphide  to  100°  for  about  half  an  hour  in  a  sealed  tube,  then  distilling 
off  the  alcohol,  exhausting  the  reddue  with  hydrochloric  acid,  and  predpitating  m* 
AD  fllkali.    On  crystallising  the  precipitate  from  dilute  alcohol,  the  base  is  obtain 
Ja  ebjning  ieafets^  which  soon  turn  brown  on  ex^osom  U>  \}KiA  vix%   \X»  ^wk^^  ^ 
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difficulty  ia  beniooe.  nLher,  and  water.    At  170°  it  metta  nnd  Ifeeotnos  brows,  Mdit  | 

>  higher  temperBturs  BDblitnBH  ia  white  JeaflotB.  with   partiM  ilec 

ivdreoiiwiA,  C"H"{NH')'.2HCI,crjataliiBeain  large  whito  leaflet*  euiW  nlsbb  la  I 

water  and  hot  hydrochloric  acid,  and  slightlj  aolublo  in  attohol.     ""  ■  -.-  - 

needles  eaaily  soluble  in  water  apd  in  dilutfl  aulphurin  acid      Ihei 

granalar  crjstala  which  diwolre  readily  in  water,  and  in   ftlcohoL    Til*  dwk  al  | 

amorphous  ptalinmhloridt  is  insoluble  in  water,  but  Bolnbla  in  hot  alcoboL 

ZaoBtUIiBne,  Ca:"=C(C*H')'  (Hepp,  Z*™/.  Chem.  Grt.  Ber.  rii.  1*09).  Hm  I 
modification  of  diphenylethjleDe  is  formed,  as  already  oburved,  by  boiling  dipbw^  I 
moDo<ihlorMhaDe,CH'Cl—CH(C'H')°,withaLrobolic potash.  IbisaoolonrlaM,  (tng^  I 
cefracting  oil,  having  a  high  specific  gravity  and  pleasant  odonr;  becomoa  •am  '  " 
Tiscid  at  the  teniperataro  of  a  mixture  of  ice  and  salt ;  boils  at  277°  ;  is  ittaoln 
water,  but  miiea  in  all  proportions  with  oliicihol  and  ether.  Wbsii  boiled  witli  ct 
acid  miitare,  it  yields  beazapbenoDe  together  with  cnrbon  dioxide  and  watar.  Wlut  I 
its  vapour  ia  pssBed  through  a  red -hot  Cube,  much  chnrmal  is  separated  and  a  dittillUa  I 
is  DbtaioBd,  which  smeUa  of  hencene  and  dipbenyl,  and  solidifies,  tu  the  besuoa  aitiq»  I 
CBl«8  lo  a  pitchy  mass,  which  does  cot  appear  to  contaia  atilbene  :  neither  ia  MiltiMt  .1 
produced  by  pawing  tho  rapoor  of  isostjlbene  mixed  with  hj'diochlDric  acid  Ihfn^  I 
a  red-hot  tnbe. 

BTomiioitilhtite  or  Diphtai/l-motioiromathyltne.  CKBr^XHC 
formed  by  adding  isostilbcDe  to  a  MintJoD  of  bromine  in  carbon  diialphidvIT 
the  liquid  is  decotorised  thereby,  tLat  is,  till  1  mol.  stilbeuo  has  b«ea  ■dlU'*' 
molecule  of  bromine  (Br').     A  brisk  prolution  of  hydrogen  bromide  then  ft 
after  a  while,  and  oo  eraporating  the  solveuC  there  remains  a  colourlesa  « 
CH'Br— CBr(C*H'J',  which  ia  resolved,  on  eiposure  to  the  air,  o 
heated,  into  hjdm.^en  bromide  and  bromisostilbane,     This  compoiind   I 
about  an  inch  long;  melts  at  S0°  ^  distils  above  300°;  diasolvea  apori 
alcohol,  easily  in  ether,  acetone,  and  carbon  sulphide;  cryatalUssa    UieB  _, 
difficulty,  and  easily  exhibits  the  pbennmeoou  of  superfusion.    It  do«a  not  1  ^ 
bromine,  and  ia  but  slowly  attacked  by  chromic  acid  ntiitnre  (Hepp,  t^>e.  rU.} 

Dibroviieo/Ulbent  or  Diphcns/t'dibromcthvUnt,  CBrt=C(C'H')',  _ 
farmed  by  boiling  diphenyl-tcibromethaiie,  CBr* — CH(C'H*)'  for  some  tioM  viih  I 
alcoholic  potash  in  a  vessel  with  reversed  cosdenser ;  separates  aa  ponring  Uie  i 
into  water,  in  small  shining  needlea  ;  and  may  be  oblained  by  rocry stall  isstjon  frm  1 
athop-alcahol  in  needles  an  inch  long.  It  is  also  produced  from  dipbenyl -tjibtomeltaM  i 
by  dry  diBtillation,  by  heating  to  liO°-l$0°  with  alcoholic  ammonin,  aod  by  Ihl  I 
action  of  silver  acetate  and  a  little  glacial  acetic  acid  ut  the  same  tempcrHtiir«.  This  I 
last  reaction  probably  takes  place  in  the  manner  repreaeuted  by  the  BqnaitioD 

OBi*— CH(CH')'  +   CH'OAg  -.  AgBr  +   CH'O'  +   OBi'=:C(C^*y. 
Diphecyl-dibrometheiie  melts  at  83°,  and  bolts  with  slight  decomposition  sbim  3D0*.  J 
It  dissolves  eaally  in  other,  chloroform,  and  carbon  sulphide,  lass  eaaily  ii 

and  in  alcohol.    It  does  not  unite  with  bromine,  even  when  heated  tj>  llO'iiii 

thereof  in  carbon  sulphide  (Qoldachmiedt,  Deal.  Ciem,  Ge>.  Ber.  vi.  98S). 

Dichlorisoitilbce  or  Difhenyl-dichlertthyUin,  Ca'=ij(C"H^',  k 
obtained  by  subjecting  diphenyl-tnchloretliaDe  to  diy  distillation  (GoldBchmiedt),  c( 
by  boiling  it  with  alcoholic  potash  (Bayer,  ibid.  vi.  S223)  : 

GCl'— CH{0'H')"  =.   HO   +   CC1'=C{CH')>. 

Dichlorisostilbene  distils  almost  without  decomposidon.  diasolvM  eaaUy  in  ether, 
chlorofarm,  and  Carbon  snlphide,  less  easily  in  alcohol,  and  in  bemeoe.  From  bat 
alcohol  it  separates  in  fiat  prisms  an  inch  long,  from  a  cold  and  not  too  eoDcsntratil 
alcoholic  solution  in  very  troll  deSned  prisms ;  fnim  other-alcohol  in  long  Daedlsa 
These  three  kinds  of  crystals  exhibit  identical  forma  and  belong,  according  to  Kinln'l 
meaanrements  {Pogg.  Attn.  clii.  2Sfi)  to  the  monoclinic  system.  Axial  taticv 
a:&:B  -  1-3387:  1:  17688.  Angle  oc=118''4B',  Observed  naaV  " 
OP.  =S<»  ,  +JPo=  ,  +P.  +^-9 .  +iSi.  Thomrotals  are  elongated 
tion  of  the  axis  of  symmetry,  cleave  parallel  to  the  bnso,  and  form  twins 
direction.  Double  refraction  strong  and  negative.  The  plane  of  the  c, 
perpendicular  to  the  plane  of  Bymmetry,  nearly  normal  to  the  b«Be,  and 
medium  linn  13  porpondicnlar  lo  the  axis  of  symmetry.  The  intt 
is  always  filled  with  twin-lnmellsE,  so  that  (be  interference  phenomena  of 
axes  are  very  much  distoibed,  and  only  appi«iimate  measurements  of  Uii 
could  be  obtained,  vit  in  air  for  led  lighl,  29°  38' ;  for  yellow,  30°  60' ; 
31°  12'.    The  crystals  melt  alls"  tpiuMiul, 
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heatijag  dimonobromophenyl-trichlorethane  (p.  675)  with  alooholie  potash  for  ten 
hours,  and  may  be  obtained  by  washing  with  water  and  repeated  crystallisation  from 
alcohol  in  ooloorless  needles.  It  dissolves  easily  in  hot  alediol,  ether,  and  ohlorofbrm, 
and  in  carbon  sulphide,  separates  from  the  latter  in  large  shining  Gzystals,  and  melts 
at  119^-120°  (Goldschmiedt).  The  crystals  are  orthorhombie,  wiUi  the  axial  ratio 
a:b:  o»0'4210«:  1  :  0-62060.  Obseryed  feces,  ooF,ooPf,oo  Pf,  oof «,  Poo,  ]|^,}Fi. 
The  crystals  are  of  the  same  habits  and  exhibit  the  same  striation  as  those  of  the 
analogous  chlorine-deriTatiye  (if{fra),  but  they  are  all  much  smaller.  The  plane  of 
the  optic  axes  is  the  base;  the  fM  medium  Une,  the  brachydiagonal.  Double 
refinction  moderately  strong  and  positive,  dispersion  of  the  axes  yery  considerable. 
The  acute  apparent  angle  Si  the  axes  is  in  air,  for  red  light,  87^  28' ;  for  yellow, 
84*"  22^ ;  for  green,  29<'  31'.    Melting  point,  119''-120^  (Hintse). 

DimonoohloTophenyl-diohlorethylentt  CG1'=0(C'HH)1)^  prepared  by 
boiling  dimonochlorophenyl-trichlorethane  with  fdooholio  potash,  resembles  the 
bromine-compound,  and  separates  from  its  alcoholic  solution  on  evaporation  in  crystals 
having  a  diamond  lustre  and  melting  at  89°  (GK)ldschmiedt).  The  crystals  belons  to 
the  onhorhombic  system,  with  the  axial  ratio  0*42466  :  1  :  0*61222.  Observed  mces 
00 P,  oo$f,  00^  ooPoo,  P2,  ^P,  )P$,  )^  8]^16.  The  plane  of  the  optic  axes  is  the 
bradiypinacoi'd ;  the  first  median  line  the  brachydiagonal.  The  double  refraction  is 
moderately  strong  and  positive,  the  dispersion  of  the  axes  veiy  considerable.  The 
acute  apparent  axial  angle  in  air  is,  for  red  light,  88°  32' ;  for  yellow,  84°  28' ;  for 
green,  88°  67  (Hintse). 

D%monoohlofO'dij^k$nyl'eihylene,  0H^:^D(0'HK!1)*,  appears  to  be  formed 
by  dry  distillation  of  the  compound  OH'Cl — OHrC'MHyl)',  resulting  from  the  action 
of  strong  sulphuric  aeid  on  a  mixture  of  monocmoraldehyide  and  monochlorobenzene. 
It  is  an  oil  boiling  between  280°  and  285®,  very  easily  attacked  by  sodium,  unitinjg 
with  bromine  less  easily  than  diphenylethylene,  and  rather  slowly  oxidisod  by  chromic 
acid  mixture  without  production  of  an  aromatic  acid  (Hepp,  ikut.  Chem.  Ges.  Ber, 
Til  1419). 

A  comparison  of  the  crystalline  forms  of  the  compounds  above  described  (pp.  674~ 
679)  shows  that  the  compounds  formed  by  the  union  oi  ald^^dic  bodies  (acetalaehyde, 
chloral,  bromal  acid),  and  aromatic  hydrocarbons,  with  elimination  of  hydrogen,  crys- 
tallise in  monodinic  forms  when  the  aromatic  hydrocarbon  retains  its  original  hydrogen- 
atoms  unreplaced,  the  aldehyde  at  the  same  time  having  any  number  of  its  hydrogen- 
atoms  replaced  by  chlorine  or  bromine ;  but  that  the  union  of  aldehvdic  bodies  with 
aromatic  hydrocarbons  in  which  the  hydrogen  is  more  or  less  replaced  by  01,  Br,  ^. 
gives  rise  to  compounds  which  crystallise  in  the  orthorhombic  system.  In  the 
analogous  chlorine  and  bromine-compounds  thus  formed,  the  chlorine  and  bromine 
occupy  corresponding  places  in  the  molecule,  and  the  resulting  compounds  are  iso- 
morphous  (Hintce). 

BtplieBylone  or  StUbane  Aloolftola.  SydrobenaolBS.  O'^H^^O* «  O'^H^^H)* 
(Forsta.  Zincke, Dtut,  Chem,  Qu,  Ber,  vii.  1708;  Lichi^sJnnalen,clixxii, 241).  Kofewer 
than  six  bodies  having  this  composition  have  been  described  by  different  chemists,  vix. 
(1).  Zinin's  hydrobenzoi'n,  obtained  by  the  action  of  zinc  and  alcoholic  hydrochloric 
acid  on  benzaldehyde ;  formed  also,  according  to  Fittig  a.  Ammann,  by  the  action  of 
sodium-amalgam  on  the  same  substance  in  presence  of  water  or  alcohol.  (2).  Iso- 
hydrobenzoi'n,  the  chief  jrooduct  of  the  action  of  sodium-amalgam  on  benssldehyde 
in  presence  of  warm  water  (Ilttig  a.  Ammann).  ^8).  Church's  dicresol,  formed  by 
the  action  of  sodium-alcohol  on  benzoic  aldehyae  {IMi^s  Annalen,  cxxviii.  801). 
(4  and  6).  Limpricht  a.  Sdiwanertfs  toluylenio  and  isotoluylenio  alcohols, 
obtained  by  treating  stilbene  bromide  with  silver  acetate  and  glaoal  acetic  acid,  and 
saponi^jinff  the  product  (6).  Stilbenealeohol,  produced  by  the  action  of  alcc^lic 
potash  on  benzoin  (compare  Ui  SuppL  833 ;  2nd  8iippl,  171). 

Forst  a.  Zincke,  however,  on  repeating  the  processes  hj  which  these  various  bodies 
an  said  to  have  been  formed,  have  come  to  the  conclusion  that  bitter  almond  oil, 
benadtn,  and  stilbene  yield  by  known  methods  only  two  alcohols,  namely,  the  hvdro- 
benzoSn  of  Zinin  ana  the  isohydrobenzo^fn  of  Fittig  a.  Ammann.  Bitter  slmond 
oil  yields  both  these  products  simultaneouslv ;  bensoSh  yields  only  hydrobenzoin, 
whilst  stilbene  bromide  yields  one  or  the  otner  according  to  circumstances.  The 
so-called  dicresol  foA  the  toluylenic  alcohols  appear  to  be  mixtures  of  hydrobcnzoin 
and  isohydrobenzom. 

HiTOBOBunEoxirs  {8Hlbene  AlookoU)  ftom  Bemeoie  Aldehyde,  —  Font  a.  Zincke 
obtained  these  compouxMlB :  (1).    By  the  action  of  sodium-amalgam  on  bitter  almond 
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In  all  cases  the  product  is  a  miztnre  of  hydiobenaoSn  and  isohjdxobeiiioui,  no  oHmt 
well-defined  substance  being  formed. 

Hydrd)emmn  from  Bensain  and  Berufile, — ^Ben«nh  treated  with  •odiiim<«nial§aa 
in  presence  of  alcohol  or  water  yields  hydrobeniom  bat  no  isofajdiDbeonia,  iciat 
benzoic  acid  being  formed  at  the  same  time. 

Benzile,  when  heated  with  sodiom-amalgam  and  water,  yields  a  large  mantity  of 
hydzobenzom,  together  with  a  small  quantity  of  a  body  dystaHising  in  needles  wniek 
melt  at  60^ 

HydrcbmediM  fiom  SHlbene  Bromide. — Stilbene  bromide,  when  heated  with  tSkv 
aoetate  and  glacial  acetic  add,  yields  the  diaoetates  of  hydzobeDsoin  and  iaohydzoba- 
zoin,  and  monoacetate  of  isohydrobenzoin.  These  three  products  are  aepazaUe  I7 
fi»ctional  precipitation  with  water;  by  saponification  with  alooholie  potash  thsyyidd 
hydiobenzoin  and  isohydrobenzoin,  the  former  preponderating. 

Stilbene  bromide,  heated  to  160^  with  ^tasskmi  aoetate  and  glacial  aeetie  sod, 
yields  isohydrobenzoin  diacetate  and  monoacetate,  but  no  hydrobenmn  aoetate.  IVImb 
alcohol  is  substituted  for  glacial  acetic  acid,  the  product  is  a  mixture  of  atilbeM  sad 
monobromostilbene. 

Stilbene  bromide,  heated  with  sUtfer  henzoate  in  xylene,  yields  hydrobeauoia  sad 
isohydrobenzoin  dibenzoates,  the  former  preponderating. 

Stilbene  bromide,  treated  with  eilver  oxalate  in  xylene,  yields  a  large  ooantitf  of 
stilbene,  and  a  number  of  resinous  products,  which  by  saponificatioin  with  aleoUie 
ammonia  giTo  almost  exdusiTely  h^rdrobenzoin. 

The  distinguishing  characteristics  of  these  two  alcohols  and  their  deriTatifM  an 
exhibited  in  the  following  table : 


Hydrobenzoin. 


Isohydrobensoin. 


Aloohole,  C'«H»«(OH)«. 


Melts  at  134°,  and  crystallises  firom 
hot  acetic  add  or  dilute  alcohol  in  fine 
glitterinp;  laminae,  and  from  hot  absolute 
alcohol  m  large,  thin,  transparent,  rhom- 
bohedial  tablets,  which  latter  are  obtained 
also  by  slow  evaporation  of  its  solution 
in  benzene,  benzolin,  or  chloroform. 


Dissolves  easily  in  aloc^I,  ether,  aad 
chloroform,  and  is  deposited  thevefrtMi  ia 
well-formed  crystals.  From  hoi  wstsr  it 
separates  sometimes  in  hydratsd,  sosm- 
times  in  anhvdroos  crystals.  The  hy- 
drated  crystals  are  dear  and  ookniiles^ 
and  mdt  at  96®-96<'.  The  anfajdnw 
crystals,  which  are  monodinie^  mdt  at 
119°-120^ 


mbromidee,  G>«H*'Br>. 


Sparingly  soluble  in  alcohol  and  ether; 
nu  p.  288^. 


Sparingly  solnble  in  alcohol 
m.  p.  282°. 


Monoaoetatee,  0>«H».OH.G*H*0* 


From  hydzobenzoSn  by  the  action  of 
acetic  acid.  Long  needles,  easily  soluble 
in  alcohol ;  melting  at  84°. 


From  stilbene  bromide  with 
of  potasdum  or  of  silver.    Shoitk 
needles  eadly  soluble  in  aleohol ; 
at  87°-88°. 


tUek 


Diacetaies,  0>«H»«(C?»H»0«)». 


From  stilbene  bromide  with  silver 
acetate ;  from  benzaldehyde  hydrobenzoin, 
by^  the  action  of  acetyl  diloride  and  acetic 
acid.  Fine  prismatic  crystals  moderately 
soluble  in  hot,  less  in  cold  alcohol ;  m.  p. 
184°. 


\ 


From  stilbene  bromide  with  silf« 
acetate,  and  with  potasdum  acetate ;  froa 
the  monoacetate  by  aoetie  anhydddi; 
from  isohydzobenzom  with  aeetie  an- 
hydride. Crystallises  in  Umint  or  wdl- 
defined  prisms,  both  apparently  ihosdMi 
The  laminae  mdt  constantly  at  117^-118^; 
the  prisms,  also,  at  117^-116^  ths  fiat 
time ;  but  the  second  or  third  st  lOS^- 
106°.  Prismatic  crystals,  ohtanisd  Ij 
recrystallisation  of  the  li^tninaa^  aduht 
>i^<^  «KBi^  \»Sgamvsqx^  Tafilidmi^  the 
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Tablb  oontmued. 
HjrdrobenzoTn.  IsohydrobenioSn. 

Monobenzoatu,  C»«H»XOH)(0(rHH)). 


Formed,  together  with  the  dibenzoate, 
hj  heating  hydrobenzQin  to  1 60^-1 60^ 
with  benzoic  ajihydride.  Slender  brilliant 
needles  or  lamins,  which  melt  at  160^- 
161®,  and  dissolve  easily  in  hot  alcohol, 
ether,  or  chloroform. 


Obtained,  in  very  amall  quantity  only, 
by  the  same  reaction  as  the  hydrobenzoin 
compound.  Crystallises  from  weak  spirit 
in  small  shining  needles,  which  melt  at 
130®  and  dissolve  in  ether  and  in  chloro- 
form. 


Dibeiufoates,  C"H»»(C^»0^«. 


From  stilbene  bromide  with  silver 
bemsoate :  from  hydrobenzoin  with  benzoyl 
chloride.  Small  needles,  very  slightly 
soluble  in  hot  alcohol,  more  easily  in  hot 
acetic  add ;  m.  p.  246®-247^ 


From  stilbene  bromide  with  silver 
benzoato,  not  with-  benzoyl  chloride. 
White,  brittle  needles,  easily  soluble  in 
hot  alcohol;  m.  p.  168^-1 64^ 


Isohydrobenzom  monobenzoate  is  also  formed  in  small  quantitr  when  isohjrdro- 
benzoin  is  heated  to  160®-160^  with  excess  of  benzoic  anhydride,  the  dibenzoate  and 
kjfdrobenzdm  bein^  produced  at  the  same  time ;  so  that  in  this  reaction  there  is  a  direct 
transformation  of  isohydrobenzcnn  into  hydrobenzoin. 

JLotl09  Of  BUnte  SalplmHo  aeld  on  tlie  StUbene  Alooboto  (Zincke  a. 
Breuer,  Deut,  Chem,  Qes,  Ber.  ix.  1769).  Each  of  these  alcohols  when  thus  treated 
yidds  a  liquid  and  a  solid  Moduct.  The  liquid  obtained  from  both  is  the  same,  viz., 
diphenyl-Acetaldehyde,  (G*H*)H)H— GHO  (p.  665).  The  solid  products  are  not  iden- 
tiod;  that  obtained  from  hydrobenzoin  crystallises  from  hot  alcohol  in  glistening 
needles  melting  at  181*'-132*',  whereas  the  product  from  isohydrobenzom  crystallises 
from  alcohol  in  spherical  groups  of  small  needles  melting  at  100^-101®.  Both  these 
products  aro  but  slowly  ozidisM  by  chromic  acid  mixturo,  a  small  quantity  of  benzoic 
add  being  formed.  A  solution  of  chromic  trioxide  in  acetic  acid  acts  more  ener- 
getically, but  forms  only  very  small  quantities  of  benzaldehyde  and  benzoic  acid,  the 
chief  products  consisting  of  dystalline  neutral  bodies,  which  appear  to  be  identical. 

From  these  results  it  appears  that  hydrobenzoin  and  isohydrobenzoin  have  the 
same  chemical  constitution,  being  in  fact  physical  isomerides,  as  are  also  the  solid 
products  formed  from  them  by  the  action  of  dilute  sulphuric  add. 

The  two  stilbcme  alcohoLs  may  be  r^^arded  as  diphenyl-glycol,  and  their 
transformation  into  diphenyl-acetaldehyde  is  predsely  analogous  to  that  of  ethylene 
glycol  into  acetidddiyde,  and  to  that  of  pinacone  (tetramethylglycol)  into  pinaoolin. 


C«H».OH.OH 

C«H».OH.OH 
Bdnww 


C«H».CHv 

Dtphenyl- 
■oetaldehydeL 


C'*H>*C1'  (Zincke,  Bir,  x.  999).  These  compounds  are  fbnned  by  the  action  of  phos- 
phorus pentachlorids  on  the  stilbene  alcohols.  Hydrobenzoin  thus  treated  yielastwo 
chlorides,  one  melting  at  191M92®  and  the  second  at  98^-94^.  Isohydrobenzoin  yields 
only  the  high-melting  chloride  and  a  considerable  ouantity  of  a  resinous  body  contain- 
ing chlorine.  The  first  chloride  is  sparingly  soluble  in  hot  alcohol,  from  which  it 
crystallises  in  slender  needles ;  a  solution  in  toluene  yields  larger  prismatic  crystals, 
and  by  the  slow  evaporation  of  a  solution  in  ether  or  chloroform  well-defined  cr^tals 
are  obtained.  On  heating  this  chloride  repeatedly  above  200**,  the  melting  pomt  is 
lowered  to  IGO^'-ldS^.  The  diloride  melting  at  93^-94*'  is  more  readily  soluble  than 
the  first,  and  crystallises  from  alcohol  or  petroleum-naphtha  in  four-  or  six-sided 
plates  or  prisms,  having  an  aromatic  odour.  On  heating  it  several  times  above  its 
melting  point,  the  latter  rises  and  becomes  constant  at  160°>165^.  The  chloride  now 
consists,  as  does  also  that  obtained  hy  heating  the  higher-melting  modification,  of  a 
mixturo  of  the  latter  with  a  moro  soluble  lower-melting  chloride,  which  is  probably 
identical  with  that  having  the  melting  point  93^-94''. 

Phosphorus  trichloride  converts  both  alcohols  into  the  chloride  melting  at  191®- 
192^.  The  acetate  formed  by  the  action  of  silver  acetate  on  this,  as  well  as  on  the 
other  modification,  yields  by  saponification,  iaohydrohenzoint  and  only  a  trace  of  its 
ifomdrida 
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BOBJnrrXi-OXiTCOXAZO  ACIB,C^«H*K)*-(C^)*GOH--COOH.  Ob  lb 

formation  of  this  acid  &om  diphenylacetic  acid,  and  its  identity  with  bcozilie  m1 
see  p.  665. 


See  GvAxmuvB. 

C"H»(NH«)«.    laodiamidodiphmul.-'ThiB  base  is  fiiraud  h 

redaction  of  isoamidonitrodiphenyl  (p.  662),  with  tin  and  nydrochlorie  add.  Th«  oia 
product,  after  precipitation  of  the  tin  with  hydrogen  snfphidey  is  treated  vith  n- 
monia  to  throw  down  the  diphenyline,  and  the  resulting  white  precipitate  is  0701* 
lisod  from  alcohol. 

Diphenyline  crystallises  in  large  shining  laminae,  melting  at  63^,  sparingly  niBJit 
in  cold,  more  easily  in  boiling  water,  easily  also  in  alcohol  and  ether.  Its  salts  an  £ 
sparingly  soluble  in  cold  water,  and  aystallise  in  needles  or  in  plates.  With  onfr 
ing  agents  (chromic  acid,  permanganate,  chlorine-water)  they  yield  bzown-bloek  |n» 
pitates  (G.  Scholts,  l}eta,  Chem,  Ges,  Bar,  ix.  847). 

compound,  heated  with  zinc-dust,  yields  three  hydrocarbons,  viz. : 

Diphenyl-methane C»H»   =   CH=(C-H*)« 

Tetraphenyl-ethane 0»«H«    =   C«H*(C«H»)« 

Tetraphenyl-othylene C*«H*   ■=  CXC"H»)« 

(Staedel,  Dmt,  Chem,  Gea.  Bar.  vi.  1401 ;  ix.  562). 

Diphenyl-ketone  heated  with  alcoholic  potash  is  converted  into  diphenyl-cutai 
C«H»— CHOH— C*H*  (Zagoumcny,  p.  666}.  Heated  with  /umina  aulpkme  oA  i 
yields,  in  addition  to  benzophenonesulphonic  acid  (2nd  AcppZ.  176),  a  body  hanif  iki 
composition  G^'H'SO',  and  probably  related  to  diphenyl-ketone  in  the  same  maims  ■ 
sulpnobenzide  to  benzene.  This  compound  is  soluble  in  alcohol,  and  Teiy  solnbti  ■ 
ether  and  in  chloroform,  from  which  it  czystallises  in  needles  or  prisms  meltirf  ft 
186<»-18r*. 

On  pulverising  these  crystals,  and  heating  the  powder  with  water  in  a  seslsd  tiii 
for  several  days  to  180^-200*',  the  water  on  coolinp^  was  foand  to  be  txarened  bjki^ 
thin,  slightly  yellow  needles,  which,  on  reoiystallisation  from  a  miztnxe  of  ether  mi 
alcohol,  yielded  short,  thick,  four-sided,  lemon-yellow  prisms,  melting  at  174'-I7r, 
and  having  the  composition  of  the  original  snbstanoe.  The  watery  liquid  from  vhiii 
these  crystals  had  separated  was  neutral,  and  left  on  evaporation  only  a  v«t  ■■! 
quantity  of  a  substance  containing  sulphur  (Beckmann,  Deui,  Ckem,  Get.  Ber,  ii 
1112;  viii.  992). 

DiaulphodiohlorophenyUketone,  or  8Hlphoohlorohe%sopliM§u, 
C"H"C1'S'0»  -  C0(C*H«S0K;1)',  also  caUed  Bengophemone-ditulpikocJUoride,  is  pndMi 
by  the  action  of  phosphorus  pentachloride  on  the  sodium  eait  of  bensopheBcmM 
phonic  acid  {2nd  Suppl.  176).  The  product,  Areed  from  adhering  phosphonMS' 
pounds  b^  Wiishing  with  water,  is  at  first  a  honey-yellow  liqud,  but  aitcwfc 
becomes  viscid  and  finally  solidifies.  When  dried  and  treated  with  carbon  sdjfb^ 
it  crumbles  to  a  white  powder,  and  on  reciystallising  thia  anbetance  fxem  eclvr,  At 
disulphodichlorophenyl  ketone  is  obtained  in  white  mieraeeopic  prisms  mtkaait 
121*5^.  By  reduction  with  tin  and  hydrochloric  acid  it  is  converted  into  a  hjik» 
sulphide  (Beckmann). 

BIVBinnX-aiBTKAVBor  BBMSTK-BBnanp  O'^H"  a  C"H>.GH'.CV. 

This  hydrocarbon  is  formed  :  1.  Together  with  others  of  higher  boiling  poist,  by  At 
action  of  sulphuric  acid  on  a  mixture  of  bensene  and  benqrl  alcohol : 

C^«  +  C«H».CmOH  =  H*0  +   C«H».CH«.C^» 

(Meyer  a.  Wurstcr,  Deut.  Chem,  Gea,  Ber,  vi.  968).  2.  Together  withdibem 
by  heating  benzyl  chloride  with  benzene  and  sine-dust  (Zineke,  ibkl,  it.  299 

C«H».CH».C1  +  CR*  =  Ha  +  C«H».CH».C^». 

3.  Together  with  tetraphenyl-ethylene,  CH**,  and  tetmphenyl-ethane,  0"H*.  by  ^ 
ing  diphenyl-ketone  with  zinc-dust:  G0(G*H*)*-f2H*-iHK>-i- CH^G"H*)*  (Staiii 
ibid.  V.  1401).  According  to  Barbier  (Oon^t.  rend,  Izziz.  812)  thU  prpoM  yUiii 
liquid  hyilrocarbou  boiling  at  269°~270°,  and  differing  in  lie  propertise  and  soda  tf 
decomposition  from  diphcuyl-methane.  Staedel,  however,  flnu  by  fiirther  apann^ 
{Ber.  vii.  1480),  tlmt  the  chief  product  of  the  reaction  (90  per  ccnL  of  the  vM 
consists  of  diphcnyl-methnno.  iigreoingin  melting  point (26**),  boiling  pQiatfSO'lM^ 
all  its  otiier  properties  vith  that  obtained  by  Zincko*s  process.  The  hydRMsitefi^ 
parcil  in  eil\\eT  wiv^  foimu  ti  dipbcnyl-methane-disulphniie  acid.  C'H^SO'H)',  ^ — 
potassium  euM  ImvmA  Ni\\\i  \o\Aja)»?Km.  V-^^xou^  i%ie&da  a  liody  whieh 
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splendidly  from  alcohol  and  ether  and  appaan  to  eoosist  of  dihydxozyi^enyl-methane, 
CH*(C*H«OH)>.  4.  By  heating  diphenyl-ketone  to  130<'-140<'  for  six  honrs  with 
hydiiodie  acid  (b.  p.  127^)  and  amorphouB  phoaphoniB  (Graebe,  Ber,  riL  1628) : 

(ra».CO.C^»  +  4HI  -  H»0  +   2P  +  (>H».OH«.0»H». 

Diphen^l-methane  passed  through  a  red-hot  tabe,  gives  up  2  at.  hydrocen,  and  is 
oonveAed  inio  diphenylen»-methane,  GH*(0^^^  (Graebe,  i&u2L  1623).  By  the 
proloiiged  action  ox  ehhrine,  in  presence  of  iodine^  it  is  oonTerted  into  perehloro- 
methan  e  and  perohlorobenzene  (Bnoff^  ibid,  ix.  1048). 

On  the  reaction  of  diphenyl-methane  with  formaldehyde,  see  2nd  Suppl,  683. 

]UplMiijlHtfilorometliflLBe»  (O^'V'OHGl,  is  formed  when  hydrochloric  acid  gas 
ia  passed  into  diphenyl-carbinol,  (CH*)'CHOH,  fused  at  as  low  a  temperature  as 
possible.  The  prcnnet  solidifies  partiallT  on  cooling  to  a  radio-oiystalline  mass,  which 
melts  at  14**,  and  is  easily  resolved  at  a  hi^er  temperature  into  hydrochloric  acid  and 
tetmphenyl-ethylene,  2(0«H>)KJHa>-2HGl-l-GXC^*)4  (Eoglera.  Betthge,  ibid.  yii. 
1480). 

IHplienjVdlehlorometliaBeor  Aensopl&enoiilo  COiloridet  0C1^C*H^*,  is 
produced  by  heating  diphenyl-ketone  with  phosphoros  pentachloride.  Behr,  who  first 
obtiuned  it  (2ik2  8t^L  176),  was  unable  to  punfy  it,  as  he  found  that  it  was  decom- 
posed boUi  or  heat  and  by  Uie  action  of  water.  But  Kekul4  a.  Franchimont  {Deut. 
(Skern,  Gee,  ier,  ▼.  908)  find  that  by  heating  bemophenone  with  phosphorus  penta- 
diloride  fw  an  hour  or  two  in  a  flask  with  reversed  condenseri  and  distilling  ^e 
product  under  diminished  pressure  in  a  slow  current  of  air,  the  diphenyl-dichloro- 
methane  is  obtained  quite  pure.  It  is  then  a  ccdourless,  starouffly  refraetive  liquid, 
i^doh  boils  constantly  at  220^  under  a  pressure  of  671  mm.,  and  at  806^,  with  slight 
decomposition,  under  ordinary  pressure.  Water  decomjposee  it  slowly  in  Uie  cold, 
quickly  when  heated,  forming  benzophenone  and  hydrochloric  add* 

BeaeHane  with  AromaHe  Baeee  (FUily,  Liebij^e  Jbutalent  clzxzvii.  198).  When 
1  moL  diphenyl-dichloromsthane  is  made  to  act  upon  4  mols.  of  aniline,  the  mixture 
being  carefiilly  coded,  a  brisk  reaction  takes  place,  and  the  whole  is  conveited  into  a 
etystalline  mass  consistiag  of  the  diphenyl-methene-oniline,  finrmed  according  to  the 
equation, 

ca«(cra»)«  +  cra».NH«  -  2Ha  +  (cra»)«o=N— c«h». 

"By  treating  the  product  with  water  and  ether,  then  evaporating  off  the  ether,  and 
erystallising  the  residue  from  hot  absolute  alcohol,  the  diphenyl-methene-anUine  is 
obtained  in  rhombic  crystals  melting  at  109^,  and  volatilising  without  decomposition 
at  a  temperature  above  the  boiling  point  of  mercuxy.  It  is  £e  phenylio  derivative  of 
the  con^und  0^*— N=CHO<H*,  called  heneoylamUde  by  lAurent  a.  Gerhardt, 
who  discovered  it  (Chmpt.  rend,  dee  iravaus  de  ckmiie,  1850,  p.  117),  and  ditoUndine' 
dipkenylamine  by  SchifP,  who  doubles  the  formula  {LiMg'a  Jtinalen,  8uppL  iii.  343). 

Diphenyl-methene-aniline  dissolves  in  acids,  not  however  forming  salts  with  them, 
but  beins;  decomposed  into  aniline  and  diphenyl-ketone ;  the  same  result  is  produced 
whenplatinic  chloride  is  added  to  its  alcoholic  sdution ;  on  the  other  hand,  the  hydro- 
carbon may  be  heated  with  water  for  ten  hours  without  alteration. 

Diphenyl-dichloromethane  and fTw/^^oiiilifts yield  diphenyl-methene-aniline 
and  dimethylaniline: 

OC1«(0^»)*  +  2[CraMra(CH»)]  «  Cra».N=C(0«H»)«  +  N(CH«)«C«H»  +  2HC1. 

JStkylaniUne  acts  in  a  similar  manner,  but  dimeikyUaiiUine  forms  a  base,  C^H^'N,  the 
constitution  of  which  may  be  either 

>OH»v  0«H»v 

C3«H».K^^VJ(0«H»)«     or     ^NN-CH=qO«H»)«, 

its  formation  being  represented  by  the  equation 

0»«H»»C1»  +  N(Cm»)(CH«)«  =  C«»H»»N  +   2HC1. 

A  small  quantity  of  another  base,  O^'H'^N',  is  also  formed  at  the  same  time.  The 
compound  C*H"N  forms  salts  witi  acids;  its  platino-chloride,  (C»»H»»N.HCl)*Pt01«, 
forms  flattened  yellow  needles,  slightly  soluble  in  hot  water,  somewhat  more  in 
alcohoL  The  hydrochloride,  nitrate,  and  sulphate  are  viscid  oils,  more  soluble  in 
alcohol  than  in  water. 


mei 

posed  by  adds  into  diphenTl4cetone  and  toluidine ;  and  with  naphthylamine  it  yields 

dipheDjl-m  e  th  en  ^n^ph  thy  lami  n  e,  (C^^)K3=iH^O^*H7^  GE]yl^22^2^BX^va^$ki^]^^ 
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yellow  rhombic  plates,  and  deoompoeed  by  acids  into  diphenyl-katooe  and  aaphdiyl- 
amine. 

Diphenyl-diohloromethane  is  not  acted  upon  by  ammema  in  etheroal  solvtioB  •?«! 
in  seaJed  tabes  at  130^  but  with  alcoholic  ammonia  it  yields  diph«nyl4Mloiie  lad 
ethy lamine : 

CC1«(0«H»)«  +  0«HK)H  +  NH«  -  CO(C«H»)«  +  0»H»jra«  +2Ha 

Diphenyl-ketone  itself  is  not  acted  bn  by  ammonia,  even  in  absolnte  alcoholie  solsbaa 
at  200<>  (Pauly). 

DtottlpliocliloraplteByl^didhlorometliaaa,  0^«J30H}I— OCnV-0^*30Ha, 

also  called  Mfi^iloeA2orodM«opAMonii0  chloride  and  bengopimion^-diMUpkoUirmekknii, 
is  formed  b^  heating  disnlphodichlorophenyl-ketone  (p.  682),  with  4  mols.  PCy,totk» 
meltinff  pomt  of  the  latter.  The  product  ponred  into  ice-oold  water,  wadisd,  nd 
treated  with  carbon  snlphide,  separates  into  two  portions,  Tia.,  the  imaltaNd  fcrtoM 
insoluble  in  the  carbon  snlpldde,  and  disnlphochlorophenyl-dichloromMhane  sohUt 
therein.  On  eyaporating  to  dryness  and  washing  the  residne  with  ether  and  tiukd, 
the  latter  compound  remains  as  a  white  amornhons  substance  meltiiig  at  ItfP-ltt, 
much  less  soluble  in  water  and  alcohol  than  tne  ketone  from  which  it  is  fofsi,  te 
almost  equally  soluble  in  chloroform  (Beckmann,  Ber.  viii.  992). 

Bydrozydtplieiiyl-metluuiet   or   SensyKptaeBol*    C>'H'H>-OTH"(H[- 

G*H\OH'.G«H«.OH  (Patem6,  Chufs.  ehifn.  itoLu.li  Patem6  a.  FQeti,  IW.  in.  Ill, 
251).  This  compound  is  formed  by  heating  phenol  with  bensyl  chloride  aad  ase. 
On  diBtillin^  the  product,  unaltered  phenol  and  benzyl  chloride  pees  orer  bslov  SM*. 
and  on  distilling  the  residue  under  oimlnished  pressure  (6  mm«|,  the  grsatar  psiC  of 
it  goes  over  between  180°  and  190®,  and  solidifies  on  coohng  to  a  emtalline  nssi  of 
sn^  needles,  contaminated  with  an  oil  which  may  be  remoyed  by  pis—us  sift 
crystallisation  from  alcohoL 

Bensyl-phenol  crystallises  in  white  silky  needles  or  ■hiTiing  Imnins^  iriudi  sis 
permanent  m  the  air,  and  dissolve  in  ether,  benzene,  and  chlorofonii.  It  mslts  at  84^ 
and  boils  under  a  pressure  of  4-6  mm.  at  176^-180®.  It  disaolTes  in  alkaline  liqsiili 
and  is  precipitated  therefrom  by  adds;  does  not  dissolve  in  ^wimftwiA-  JfUne  mii 
converts  it  into  a  nitro-derivative.  Treated  in  acetic  add  solution  with  bnmmt,  k 
yields  an  unstable  oily  compound ;  but  when  dissolved  in  carbon  aolphide  and  tnated 
with  excess  of  bromine,  it  yields  a  solid  bromo-compound  melting  at  about  176*,  po- 
bably  a  dibromide.  By  the  action  of  carbon  dioxide  and  todiwm  at  160^,  it  issoi- 
verted  into benzyl-oxybenzoic  acid,  C'^*H)*  (p.  320). 

The  higher-boiling  portions  of  the  product  obtained  by  the  action  of  beosyl  ddflndi 
on  phenol  in  presence  of  zinc,  contain  anthracene  and  toluene.  The  aiiUiiafl— 
is  most  probably  formed,  not  by  the  action  of  the  zinc  on  the  benzyl  eUcrido^  tat 
firom  thel>en£7l-phenol  itself.  This  view  is  confirmed  ly  the  fiict  that  when  bsanl- 
phenol  is  distiUed  with  its  own  weiffht  of  phosphoric  anhydride,  it  vields  a  bsown  mti 
distillate,  consisting  almost  entirely  of  benzene,  phenol,  and  anthracene^  the  ktUr 
being  formed  by  the  reaction 

2C»«H>«0  -  0><H"  +  C«H«  +  C*HH)  +  H«0. 
BenMyl^kenoUdisulphonie  acid, 

C»fl>«K)»  «  C'H».C«H«(OH).(SO»H)«  =  C«H*JoH 

i(SO«H)« 

is  formed  by  heating  benzyl-phenol  to  100^  for  about  an  hour  with  1 4  pts.  of  suliinaie 
add.  The  phenol  then  dissolves  completely,  formins  a  blown  liqoid  "^lidi  vks 
largely  diluted  with  water,  neutralised  wiUi  lead  carbonate,  and  filtered,  Isam^  oi 
evaporation,  a  viscous  substance  which  after  a  while  solidifiee  to  a  idiite  gnaihr 
mass  consisting  of  beneyl-phenoldisulphonate  of  lead,  CTB['.0*HK)H.(SO^)*ft.  Tk 
acid  liberat^  from  this  salt  by  hydrogen  sulphide  is  uneEystaUisable,  so  likevisssii 
the  ammonium,  barium,  and  copper  salts,  the  last  of  which  is  an  amoxphoiis  fhofnlitfi- 
coloured  substance ;  they  are  alf  soluble  in  water. 

Benzyl-phenyl  Acetate,  C»H»— C*H*— OC*H«0,  is  fbrmed  by  the  action  of 
acetyl  chloride  at  oGrdioaiy  temperatures  on  beninrl-phenol.  The  mixtore,  after  basg 
heated  for  a  short  time  to  complete  the  reaction,  is  submitted  to  fipactionaldistJllataoB, 
the  portion  boiling  between  310<'-320®  being  collected  apart.  Another  distillatkaiw- 
ders  the  compound  pure.  It  is  a  pale  yellow  liquicC  with  a  slightly  acetous  odon;nft 
of  high  refractive  power.  It  boils  at  317*>,  and  has*  a  density  of  1*104S  at  18*.  Si- 
posed  to  the  air,  it  absorbs  moisture,  and  becomes  decomposed,  the  zepzodaeedbsHTl- 
phenol  crystalliBvng  oxit.  m  tii^  Tk«c^<^^.  ^««Xi!&.  -m^  ^<9:Si£^^^^*w«ksidL<abktt 
yields  ethyl  aoelate  aiid'\>«nz3V^\i.«(i^\  Nn'OoL^samL^csiAsc^^fifiXaaxsv^^     — x.^^.x 
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Benzyl-phenjl  aoetate  appears  alao  to  be  formed  by  the  action  of  aoetjl  ehlorideon 
the  oil  which  is  formed  as  a  seoondaiy  product  in  the  preparation  of  benzyl-phenol. 

Beneyl^kenyl  Beiuoats,  CH'— G*H^— OC^HH) ,  is  liormed  in  like  manner  by  the 
action  of  benzoyl  chloride  on  beniyl-phenoL  It  is  vezy  soluble  in  benzene,  and 
separates  therefrom  in  friable  crystals  belonging  to  the  tridinic  system;  from  alcohol 
it  crystallises  in  thin  plates  and  glistening  needles.  It  melts  at  86°,  and  is  not 
decomposed  by  boiling  iJcohol  or  water,  or  by  aqueous  solution  of  potassium  hydroxide. 
Heatea  with  alcohol  however,  in  dosed  tubes  to  100^,  it  is  partially  decomposed, 
with  formation  of  ethyl  benioate. 

BmunfUnheml  Orthopkoaphaie,  TOlO.(yK*.CBrf,  is  formed  by  treating  beniyl- 
phenol  witn  phosphorus  pentachloride.  The  two  substainces  act  Tiolently  on  eadi 
other,  with  emution  of  hydrochloric  add ;  and,  on  adding  water  to  the  product  to 
decompose  the  excess  of  pentachloride,  a  brown  oil  is  obtained,  which  solidifies  on 
standing.  This  product,  thoroughly  washed  with  ether  and  reerystallised  from 
chloroform,  exhibits  the  composition  of  the  orthophosphate.  It  forms  colourless  needles 
melting  at  98^-94**.  It  is  decomposed  by  alcoholic  potash,  with  formation  of  potas- 
sium phosphate  and  bensyl-phenoL  Simultaneoudy  with  the  phosphate^  an  oily  com- 
pound, soluble  in  ether,  is  formed,  which  is  believed  to  have  the  composition, 

o«h».oh».o«hh;i. 


MMM^mmmMMif^umm  ms^v^^u^mw^tQ^  ^^  ^^^  article. 


0»H»-OH«(0«H*.C«H»)«  (J.WeUer, 
Jkut,  Chtm,  0€$.  Ber,  yii.  1188).  This  hydrocarbon  is  prepared  b^  dissdying  16 
grams  of  diphenyl  and  6  fframs  of  methylal  in  260  grams  of  glacial  acetic  add ; 
adding  a  small  quantity  ofa  mixture  of  glacial  acetic  add  and  su^huric  add  in  equal 
volumes,  to  set  up  the  reaction,  and  leaving  the  liquid  to  itself  for  twenty-four  hours ; 
then  in  the  course  of  a  da^,  adding  by  small  portions  100  grams  of  glacial  acetic  add 
and  100  grams  of  sulphuric  add ;  and,  after  another  interval  of  12  hours,  adding  200 
nams  more  of  sulphuric  add.  The  whole  is  then  poured  into  water,  and  the  liquid 
uereby  separated  is  distilled,  whereupon  unaltered  diphenyl  passes  over  first,  after 
whidi  the  temperature  rises  quiekljr  above  860^,  and  the  diphenyl-phenyl-methana 
passes  over.  It  is  purified  by  solution  in  benzene,  from  which  it  separates  h^  spon- 
taneous evaporation  in  small  ooburless  shining  monodinio  crystals,  melting  at 
16y>. 

Diphenyl-phenyl-methane  is  insoluble  in  water,  but  dissolves  easily  in  benzene, 
ehloroxorm,  and  acetone,  less  easily  in  glacial  acetic  add,  very  snaringly  in  absolute 
aledioL  It  dissolves  in  friminf;  sulphuric  add,  forming  a  greeniw-blue  solution  of  a 
sulphonic  add  which  is  decolonsed  by  water.  It  dissolyes  also  in  fiuning  nitric  add, 
eren  at  ordinary  temperatures.    It  does  not  unite  with  picric  add. 

Diphenyl-phenyl-ketone  or  diphenj^l-benzophenone,  00(C*H*.C*H*)*, 
Ibrmed  by  boiling  diphenyl-phenvl-methane  with  chromic  add  mixture,  shows  very 
little  tenaency  to  crystaUise,  usually  separating  from  its  solutions  in  granular  masses ; 
once,  however,  it  was  obtained  by  crystallisation  firom  acetone  in  tufts  of  small  needles. 
It  is  insoluble  in  water,  easily  soluble  in  benzene,  acetone,  and  gladal  acetic  add ; 
mdts  at  226^. 

Diphenyl-phenyl-carbinol  or  diphenyl-benzhydrol,  (?'S*0  m 
OHOH(G^*.0'H%  formed  by  the  action  of  sodium-amalgam  on  the  ketone,  crystal- 
lises in  small  white  needles  mdting  at  161^,  and  dissolving  with  extraordinary  facility 
in  ala>hol  and  in  benzene  (Weiler). 

]UplieiijlHn0tlftjlplieiijl-iiielliaaeyGH|S^  is  readily  formed   by 

boiling  benzhydrol  and  toluene  with  phosphoric  anhydride.  It  is  an  oily  liquid  having 
a  peculiar  odour,  boiling  at  a  very  high  temperature,  and  not  solidifying  in  a  freenng 
mixture. 

Chromic  acid  oxidises  it  to  an  oxy-add,  qcq^  ^\qi£[4 00^'  which  may  be 

obtained  as  a  white  powder  by  boiling  the  product  of  the  reaction  with  a  large  quan- 
tity of  baryta-water,  and  decomposing  the  barium  salt  with  hydrochloric  add.  It  is 
insoluble  in  water,  easily  soluble  in  aloohol,  ether,  and  l^ht  petroleum ;  crystallises  with 
difficulty  in  indistinct  needles ;  melts  at  187^,  and  decomposes  at  a  higher  tempe- 
rature. 

The  potassium  and  sodium  salts  are  very  soluble  in  water  and  in  alcohol,  and 
separate  from  the  solutions  on  evaporation  as  heavy  oils  which  gradually  crystallise. 
lie  barkm  salt,  (0**H'H)7%  4-  7HK),  sepazatM  \p$  aloii  C0Q&iD|^  tesoBL  \\a  «f(^Vs^ksQ^ 
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(freed  from  ezceBS  of  baryta  by  carbonic  acid)  in  tnfte  of  silky  needles  an  iackk^t 
It  is  very  slightly  soluble  in  cold  water,  and  gives  off  its  water  of  czyiullisuiQi  as* 
BolphurJl:  acid  (Hemilian,  Deut.  Ckem,  Ges.  Bar,  Tii.  1209). 

BXPBjnrrXi-PBnnnuMB-mTSAva,  (C«H*)*0(OH*),  is  foRoia  % 

heating  triphenyl-chloromethane  to  200® : 

(0«H»)«CXn  -  HOI  +  (C^»)«C(C3«*). 

It  is  somewhat  sparingly  soluble  in  ether  and  cold  alcohol,  twily  solnUc  ia  hs 
alcohol  and  boiling  glacial  acetic  acid,  from  which  it  eiystsllians  in  tttad  imia 
needles  having  a  sUky  Instre.  It  melts  at  188%  and  distils  nndacomposad  at  svsj 
high  temperatore  (Hemilian,  loo.  cit.) 

BIVBaVTlbiTBIOOABBAMXDBp  GS(NH.O«H*)*.     8m  CsmBAWW,  te* 
(p.  S96). 

Bi»BHR&-7ro&Tunrs-]iiTBioojkamaKSi>Bi  C^CNBLGS  jmcvy. 

separates  after  some  time  from  an  ethereal  solution  of  to^ylene-dmniifMi  and  phng^ 
thiocarbimide,  as  a  white  crystalline  powder  melting  at  288^.  Cooeentzatsd  k)d» 
chloric  acid  converts  it  into  tolylene-dithioearbimidey  0'H^N=CS)*,  sad  l^Afr 
chloride  of  tetraphenyl-tolylene-gnanidine,  the  reaction  apparcntly  taking  plsa  ^ 
two  stages,  as  represented  by  the  following  equations : 


(7H«(NH.CS.NH.CraV  +  2HC1  «  2(C»H»NH*.H01)  +   C^^^j^ 

Aniline  hydrooblorids.  TWjtoM  ilitWo 

IIH— 0B» 

'NH.CS.NH.CrH*    .    o/rurrs  -wtrax  ottmi    .     r*rwTm^^^  lA" 


bTH 


(Lnssy,  Deut,  Chem.  Gta.  Ber,  viii.  670). 

BI»BaWT&-TBZOB&OBOaUTA«ap*  0>'H>Kn*«OVK;i*M3H(CVlF- 
CCl"— OH*— CH*— CIH(C«H*)>  (E.  Hep^  Jk^.  Ckm.  Get.  Ber,  viL  1611).  Us 
compound  is  prepared  by  treatmg  a  mixture  of  4  pts.  liensone  and  5  pti.  V^B 
chloral  hydrate,  with  about  three  times  its  volume  of  a  miztUM  of  sq[nil  sua  tf 
ordinary  and  fuming  sulphuric  acid.  The  mixture  is  left  to  itself  for  a  ^•ifta 
poured  into  water,  and  the  product,  ftved  from  nndseomposad  bo^ycie  diksalliyv^ 
ing  with  hot  wat^,  is  crystallised  from  ether-alcohol  with  addition  of  animal  ckai^ 

Diphenyl-trichlorobutane  crystallises  from  ether-aleohol  in  eolonilsss  mmitk 
prisms  half  an  inch  long.  Axial  ratio,  a  (dinod.)  :  6  (oirthod.)  e=  1-0865  :  1.  Ai^ 
ac=  120*'  8T.  Combination,  ao  P  .  oo £  od  .  OF.  The  plane  of  the  optic  axes ■  At 
plane  of  symmetry ;  the  angle  between  these  axes  is  acnte,  and  the  first  aediu  bi 
is  nearly  parallel  to  the  principal  ciystaUqgraphic  axis.  The  oompoand  mdts  it  if. 
iind  decomposes  at  higher  temperatures,  with  ev(dution  of  hydzocMorie  add.  It  it 
solves  at  25^  in  2  pts.  other  and  48  pts.  absolute  alcohol,  easily  also  in  hot  ikM 
acetone,  chloroform,  benzene,  and  carbon  sulphide.  The  dmitr^'dmi^m, 
Qi8Hi«Cl'(N0')>,  crystallises  from  alcohol  in  small  yellow  tables,  spaziaglj 
in  carbon  sulphide  and  cold  alcohol,  easilv  in  ether,  chlarofoim,  and  Inrnssnt 

Diphenyl-trichlorobutane,  heated  with  fuming  solphnrie  aeid«  yields  a 
acid  whose  barium  salt,  C*'H*'Cl'S'0'Ba,  is  precipitated  tram,  its  aqtuwrns  solaMi  ky 
alcohol. 


l^tWKMMTt^jrmWFKAMm,  (C«H*)'N— CO— OC^S»,  is  formed  by  the  «BB 

of  ethylchlorocarbonate  on  diphenylamine  dissolved  in  bensene.  It  is  Vest  ojw^mA 
from  amyl  alcohol,  and  when  pure,  crystallises  in  beautifU  priams.  It  nalts  St  is* 
at  72"",  but,  after  prolonged  heating,  the  melting  point  falls  to  66*  (Men  a  WdH 
BeT-.YilldU). 


BIVBOBFMOBaVZJBVH,  C*H*P>OH  -  0|H*— P=:P.— QH.      Tlus . 

the  analogue  of  diazobenzene,  is  obtained  by  adding  water,  or  better.  ^^'**^«J,  n  ikt 
thick  yellow  liquid  produced  on  passing  dried  spontaneonsly  in^j^^inmiii^j^  phoak 
hydrogen  through  phosphenyl  chloride.    It  is  a  powder  vhich  1^^^  a  *■**  yeUovi 

•  In  Hepp'8  memoir  thlsoompound  iBrogftrdadM  dipbenjl-trlci 

Cii(G*lI')*,  oud  laid  to  be  farmed  from  bcnscne  and  *  crotonle  diloraL*  C* 
hw  been  ihoinv  tA  V»  xeaaii  YraXyt^i^  c;k^t«l,C!*H'CI'0  (p.  MS),  the  di] 
from  it  te  dooXAiteBa  di\|ibfin9VtAsSkiiunc\nL\aAft. 
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18  ixiBolnble  in  water,  Bligbtly  soluble  in  alcohol,  easily  in  carbon  sulphide ;  takes  fire 
when  heated  in  the  air.  Heated  with  nitric  acid,  it  oxidises  to  a  deep  yellow  liquid, 
which  gradually  becomes  colourless,  and  then  contains  phosphoric  as  well  as  pnos- 
phenylic  add.  On  distilling  the  yellow  liquid  before  the  diphosphobensene  has 
senarated  from  it,  phosphenyl  chloride  escapes  and  a  substance  haying  a  fine  red 
colour  remains  belund  (Michaelis,  Deut,  Chem,  Gei.  Ber.  viii.  499). 

BZFBTBA&TZ^  C»«HH)«  '^  0^*<^^^Z^)>C'R\    This  compound,  treated 

with  hydriodic  acid  and  phosphorus,  yields,  as  chief  product,  a  bi basic  add,  C^*B}*0* 
(Oraebe,  ibid,  1064). 

NH[G>H>(NO*)*p.    See  Bskzbhbs,  Nitbamido-  (p.  199). 

H«C— C^CH 
IX.  C*H*-      I  .    See  Propabotl  (2nd  8i^L  1008). 

~«0— C^OH 

bOWZO  AOIB,  CPH<<0^  An  add  formed  by  the 
action  of  a  solution  of  potassium  hydroxide  in  normal  propyl  alcohol  on  deoxybenzoin 
(p.  628). 

Dmu>VTUnnU    See  PBOFTLXini. 

BZVBOPT&VBOSPBSm.    See  PHOSFHnras. 

PlMaUPOUU  ■■  ■■  ■SlFXiPKAMnia,  KH(0*H"80*)*.  See  FsiUDO- 
cuuMB-DSBiYATiyBS  auder  TiuinTHTunicziini. 

]|I»SaV]K»FSOyT&  xarova.    See  Pboftl  Eroicbb. 

PiyUBOTOXYl^Cil  »B  AMTDM.    See  DrroLTL-coMFOXTKDfl. 

DZVTBBOOASWS  BATiSilM  or  OUWUTUW  BAUUkM.  The  Tolatile 
oil  of  this  balsam,  called  Woodnril,  may  be  distinguished  by  the  splendid  riolet  colour 
produced  on  diasolying  it  in  about  20  parts  of  carbon  sulphide,  and  adding  a  drop  of 
a  coded  mixture  of  strong  sulphuric  and  nitric  adds.  The  same  reaction  is  exhibited 
by  the  balsam  itself^  and  is  not  interfered  with  by  the  presence  of  copaiba  balsam. 
God-liyer  oil  and  yalerian  oil,  similarly  treated,  likewise  exhibit  a  fine  yiolet  colour, 
but  for  a  short  time  only  (Fluckiger,  Pharm,  J,  Trans,  [3],  yii.  2). 

nx-SasOBOnr.    SeeBxaoBonr. 

BXSSOCOATXOV.    See  Hbat,  DEOOMFOsmoiv  bt. 


r.  Modifications  of  Linnemann's  apparatus  for  firacdonal  dis- 
tillation {2nd  Suppl,  436)  have  been  devised  byLe  Bel  a.  Henniger  {Dmt.  Chtm,  Ge$. 
Ber,  yii.  1084)  with  the  yiew  of  accderating  the  condensation,  obyiatin^  the  necesdty 
of  constant  watching,  and  eSbcting  a  more  oomplete  separation  of  the  mixed  liquids. 

The  apparatus  of  Le  Bel  a.  Henniger  (fig.  1)  consists  of  a  long  glass  tube  with  a 
number  of  oulbe  blown  on  it,  wider  than  tnoee  in  Linnemann's  apparatus,  and  haying 
a  contraction  below  each  bulb  fbr  the  purpose  of  hindering  the  downward  flow  of  the 
liquid  and  causing  it  to  collect  in  the  bidb ;  the  passage  may,  if  necessary,  be  still 
further  narrowedby  the  introduction  of  small  fragments  of  glass,  or  better,  of  little 
balls  of  platinum  wire.  The  badk-flow  of  the  condensed  liquid  into  the  distilling 
yeesd  is  effected  by  means  of  narrow  tubes,  a,  b,  ftised  into  the  wide  tube  and  bent  so 
aa  to  prevent  the  vapours  from  pasdng  upwards  through  them.  These  tubes  must  be 
lonff  enough  to  prevent  the  liquid  from  being  thrown  out  by  the  pressure  existing  in 
theboiler  and  tne  bulbs.  The  number  and  size  of  the  bulbs  depend,  of  course,  upon 
the  quanti^  of  liquid  to  be  distilled,  and  the  more  or  less  complete  separation  to  be 
effected.  The  fi^^re  represents  an  apparatus  with  two  bulbs  for  the  distillation  of 
about  600  cc  of  liquid.  Two  such  tubes  may  be  eadly  arranged  one  above  the  other 
and  connected  by  corks,  caoutchouc,  Bbc 

Ooounerdal  wood-spirit,  distilled  in  an  apparatus  of  thia  kind  with  five  large 
bulbs,  yidded,  after  two  distillations,  two-thiros  of  its  bulk  of  acetone  boiling  between 
66^  and  68^,  three  litres  of  distillate  beinff  collected  in  about  six  hours. 

Glinsk/s  apparatus  (fi^.  2)  is  provided,  like  that  of  Linnemann,  with  eupe  of 
pliitfi'!""^  wiie-game,  but  differs  t^om  the  latter  in  having  larger  bulbs  and  a  bent 
Uteml  tube  for  the  badc-flow  of  the  condensed  liquid.  The  fdlowinff  are  the  dimen- 
aiona  recommended  for  distalling  various  quantities  of  liquid  of  diflnrent  degrees  of 
volatili^. 

1.  for  distiUiitg  large  quantities  of  liquid  of  boiling  point  not  above  150^  the 
tube  should  be  50  cm.  kmg,  2  cm.  in  diameter,  and  provided  with  flve  platinum-gauze 
eupa ;  ^ameter  of  the  capillary  aperture  in  the  lateral  tube  «s  l  mm. 

2,  For  distUling  from  ^  to  6  kilo,  of  liquid  bdUug  \)a\ow  \^(^^ ,  \\)l<^  \Tv\ic^\R\\x^M^ 
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should  be  40  cm.  long,  12  to  18  mm.  wide,  and  pzorided  with  five  to  liz 
gauze  cups :  diameter  of  capillary  aperture  in  lateral  tube  b  ^  to  ^  mm. 
3.  For  distilling  100  to  600  grams  of  liquid  boiling  not  aboTO  200^  the 

n 


Fio.  1. 


¥m.  2. 


tube  should  be  half  as  long  and  half  as  wida  as  the  laat,  and  the  diaiMUr  d  :^ 

capillary  aperture  in  the  lateral  tube  1  mm. 


(J.  Jobst  and  0.  Hesse,  IMi^f  Jnnalm^  clxxriii,  4»-7f).  0^ 
is  the  name  given  by  the  inhabitants  of  the  Fhilippinea  to  the  Iwrk  of  FMtn  cUn 
(a),  the  Alstonia  aeholaria  of  Brown,  a  forest-tree  >>wlftwging  to  the  nafenl  ah 
ApocynacesB.  Gruppe,  an  apothecary  at  Manilla,  first  iaolatiad  from  tins  bi^ if^ 
stance  which  he  called  DUdin^  possessing  febrifugal  propertieB.  Qor^*BsHMi(U 
clxxvi.  88)  afterwards  extracted  from  ditaSh  a  czystalliaaUo  wihatanrn  wfaiA  p*ii 
to  be  an  alkaloid,  but  which,  for  want  of  material,  he  did  not  oan&pleCclj  enHBL 

Dita  bark  usually  consists  of  irregular  cuired  £ragmenta  from  40  to  60  b&IbI 
16  mm.  wide  and  1  mm.  thick,  covered  eztemaUjwiw  a  thin  luathar  nJuiid  ( 
layer,  and  often  exhibiting  transverse  and  longftndinnl  ftutowa.     The 

is  slightly  reticulated  and  longitudinally  striated.    The  back  is 

eHsily  friable,  yielding  a  yellowish -grey  powder,  which  is  ■rmitliM.  and 

some  time  only,  a  bitter  but  not  unpleasant  taste.     Under  the  mi^tniewpfl,  tkiflAtf 

the  bark  are  seen  to  contain  crystalline  depoiite,  pEobaUj  eoneifltiiy  off    ' 

oxalate. 

The  following  definite  principles  have  been  eztzacted  fkom  the  bedL: 


1.  IMtamflne  or  Bltalnoy  the  alkaloid  of  the  bark,  ie  beat  iiiliaiteil  lykiftV 
alcohol  after  the  bark  has  been  freed  firom  fiittj  matter  by  mnana  of  l^it  V^*^^ 
The  alcohol  after  distillation  leaves  a  solution  containing  a  salt  of  ditaaSiii[  ^H^  ■? 
be  decomposed  by  addition  of  soda,  and  the  base  may  be  remorad  by  aptatM  ^ 
other.  The  ethereal  solution  shaken  with  weak  acetic  add  giwa  a  aoliCia  «k^ 
after  decobrising  with  animal  charcoal,  yields,  on  addition  of  »■»■»«»■■  s  tl^ 
amorphouB  pTQCA.p.\;i\\;ck  oi  >^<^  ^\kak»vi  Oimounting  to  abont  "02  per  cant*  af  Ai  1^ 
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eyaporatioD  remains  in  the  form  of  an  amorphous  mass.    It  sometimes  seemed  to 
crystallise  from  petroleum  spirit    It  melts  at  75°. 

Its  salts  are  generally  amorphons,  but  the  hydrochloride  was  once  obtained  in  the 
form  of  needles.  The  hydrochloride  gives  with  platinic  chloride  a  yellow  amorphous 
precipitate,  besides  precipitates  with  gold  chlonde,  mercuric  chloride,  and  mercuric 
iodide  dissolved  in  iodide  of  potassium.  Precipitates  are  also  obtained  with  iodide  of 
potassium,  thiocyanate  of  potassium,  tannin,  and  phosphomolybdic  acid,  but  no  change 
occurs  on  addition  of  ferric  chloride.  The  base  has  not  been  analysed,  the  quantity 
obtained  not  being  sufficient  for  the  purpose. 

2.  aohioaonteliin.  This  substance,  together  with  those  which  follow,  is 
extracted  from  the  bark  by  treatment  with  liffht  petroleum  as  above  mentioned.  On 
expelling  the  petroleum  from  the  extract  T>y  boiling  with  water,  there  remains  a 
gelatinous  ropy  mass  which  hardens  on  cooling,  and  may  then  be  easily  broken  into 
lumps.  This  mass  is  repeatedly  treated  with  boiling  alcohol  till  a  portion  of  the 
alcohol  taken  out  no  longer  deposits  crystals  on  cooling,  but  merely  becomes  milky. 
There  then  remains  an  extremely  elastic  residue  which  dissolves  in  petroleum,  forming 
a  milky  solution  which  cannot  be  clarified  by  filtration,  but  only  by  leaving  it  at  rest 
for  several  months  till  the  suspended  matter  has  settled  down,  or  by  distilling  ofi*  the 
petroleum  and  heating  the  remaining  liquid  to  about  100^,  whereby  the  finely  divided 
suspended  matter  appears  to  be  coagulated  into  denser  masses.  On  repeatedly  treating 
this  residue  with  cold  petroleum,  the  echicaoutchin  is  dissolved  and  white  fiocks 
remain,  consisting  of  a  kiieadable  resin  which  melte  above  100°,  is  nearly  insoluble  in 
ether  and  light  petroleum,  but  dissolves  sparingly  in  boiling  sJcohol  afid  very  easily 
in  diloroform.  A  clear  solution  havins  been  thus  obtained,  it  is  next  treated  with 
animal  charcoal,  which  nearly  removes  the  yellow  colour ;  the  petroleum  is  evaporated 
ofiT,  and  the  residue  is  repeatedly  treated  first  with  boiling  alcohol  and  then  with  hot 
water. 

Echicaoutchin  thus  obtained  has  the  composition  CH^O*.  It  is  a  tough  yellow 
body,  brittle  below  0°,  but  softens  when  immiersed  in  lukewarm  water,  and  may  then 
be  drawn  out  into  silky  threads.  It  dissolves  easily  in  chloroform,  ether,  benzene, 
and  light  petroleum,  but  hot  alcohol  dissolves ,  only  traces  of  it.  It  is  insoluble  in 
strong  potash-ley,  oxidised  to  a  yellow  mjsn  by  strong  nitric  acid,  blackened  in  the 
cold  by  strong  sulphuric  acid,  resolved  into  small  particles  when  heated  therewith. 
Bromine  addM  to  its  solution  in  chloroform  blackens  the  liquid  and  appears  to 
decompose  the  echicaoutchin. 

3.  Belitoerliit  C**H«*0*.  When  the  petroleum  extract  of  the  bark  is  boiled  with 
hot  alcohol,  the  alcoholic  solution,  on  cooling,  first  deposits  an  oily  mass  which  after- 
wuds  solidifies,  and  then  a  considerable  quantity  of  white  crystals,  an  additional 
quantity  of  which  may  be  obtained  by  dissolving  the  solidified  mass  above  mentioned 
in  hot  acetone  and  leaving  the  solution  to  cool.  The  crvstals  thus  obtained  are  a 
mixture  of  echicerin  and  echitin,  which  may  be  separated  by  drenching  the  mixttire 
with  a  quantity  of  light  petroleum  sufficient  to  make  it  into  a  stiff  pulp,  and  after  a 
whUe  pouring  o£f  the  liouid  portion,  which  contains  chiefiy  the  echicerin.  The 
petroleum  is  then  expelled  hj  beat,  and  the  residue  dissolved  in  boiling  alcohol,  which 
on  cooling  deposits  the  echicerin  still  mixed  with  small  quantities  of  echitin,  to  be 
separated  by  repeated  crystallisation  from  boiling  alcohoL 

Echicerin  crystallises  from  boiling  alcohol  in  stellate  or  nodular  groups  of  small 
anhydrous  needles.  It  is  very  slightly  soluble  in  cold  alcohol,  but  dissolves  with 
extreme  fecility  in  ether,  light  petroleum,  acetic  ether,  benzene,  and  chloroform,  less 
easiW  in  acetone,  and  is  insoluble  in  water,  potash,  ammonia,  and  dilute  adds. 

Echicerin  turns  the  plane  of  polarisation  to  the  right,  its  specific  rotatory  power 
is  in  ethereal  solution  o^a  •»•  68*76°;  in  chloroform  solution  •»•  66*76°.  It  melts  at 
167°,  and  at  higher  temperatures  creeps  up  the  sides  of  the  vessel  without  actually 
distilling;  emitbng  at  the  same  time  a  faint  odour  like  that  of  heated  caoutchouc 

Bromechieerin,  0**H*TBrO*,  is  formed  bv  dropping  bromine  dissolved  in  chloroform 
into  a  chloroform  solution  of  echicerin.  The  resulting  solution  is  left  to  evaporate  in 
the  air ;  the  residue  is  melted  in  boiling  water  to  remove  hvdrobromic  acid ;  and  the 
bromechicerin  thus  obtained  is  purified  by  crystallisation  from  boiling  alcohol,  which 
dissolves  it  with  moderate  facility,  and  deposits  it  on  cooling  in  dull  white  or  some- 
times transparent  spherules  gradually  becoming  crystalline.  It  dissolves  readily  in 
chloroform  and  light  petroleum ;  does  not  unite  either  with  bases  or  with  adds,  or 
with  water.    When  tnturated  it  yields  a  white  powder  melting  at  116°. 

aolileerle  aeld«  Q^K**0*,  is  formed  by  adding  sodium  to  a  solution  of  echicerin 
in  petroleum  (b.  p.  about  80'')  and  heating  the  mixture  to  60°  from  time  to  time. 
After  this  treatment  had  been  continued  for  about  two  months,  the  solution,  containing 
caustic  goda  ibnned  bj  oxidation  of  the  sodium,  was  docanXja^  trsm.  ^laXXis  ^vooiSr 
SrdSup.  Y  Y 
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(probably  impure  ochicerin)  and  snpersatnratcd  frith  hydrochloric  acid,  aad  !h« 
echiceric  acid  thereby  liberared  was  dissolved  in  other,  which  left  it  od  evaponM  w 
an  amorphous  mass. 

Echiceric  acid  is  inodorous,  melts  at  a  little  below  100^,  is  easily  soluble  with  yii 
reaction  in  alcohol,  soluble  also  in  ether  and  in  chloroform.  It  diuolm  in  alkdii 
and  the  ammoniacal  solution,  containing  excess  of  echiceric  acid,  gives  white  pi^!^* 
tates  with  barium  chloride,  silver  nitrate,  and  lead  acetate. 

Jobst  a.  Hesse  represent  the  formation  of  echiceric  acid  fxom  echioerln  ^yt^ 
equation : 

4.  aobitiiii  C^H^-OS  remains  for  the  most  part  undiasolved  when  the  mim 
already  mentioned  (p.  688)  is  treated  with  petroleam  ;  and  on  dissolving  this  rmhi 
in  boiling  alcohol,  and  leaving  the  solution  to  cool,  echitin  separates  out  fint,  ud 
then,  after  some  hours,  a  small  quantity  of  echicerin.  By  one  more  cn'stallistfa 
from  alcohol  the  echitin  is  obtained  pure. 

EchiHn  forms  white  anhydrous  scales  which  melt  at  170^,  and  require  HSOptttt 
of  80  per  cent,  alcohol  at  15^  for  solution.  Its  solution  in  ether  has  a  risfai-haadd 
rotation  [o]d=  +  72*72**.    In  chloroform  [o]d=*  +  76'26**. 

This  compound  is  indifferent  to  acids  and  bases,  but  forms  with  bromine  *,  sel 
characterised  substitution-product,  C'H^^BrO',  which  is  obtained  in  the  same  nsus 
as  bromeehicerin,  and  separates  from  boiling  alcohol  in  colourless  geUtiaM 
spherical  masses,  gradually  becoming  hard  and  czystalline.  It  melts  without  katf 
lOO**,  dissolves  easily  in  e&er,  chbroform,  and  bensene,  haa  a  neutral  reaetioB. ads 
altogether  an  indifferent  substance. 

5.  aoliiteiBv  C'^'*0*,  remains  partly  in  the  alcoholic  solution  from  whiek  di 
mixture  of  echicerin  and  echitin  has  sepaxated,  partly  in  the  oily  mass  which  srpnBs 
from  the  solution  in  the  first  instance  (p.  689).  When  the  alcoholic  mother-lifqw 
left  to  evaporate  at  40°-60°,  the  sides  of  the  vessel  soon  become  clothed  with  deliak 
arborescent  crystals  of  ochitein,  in  the  midst  of  which  a  viscid  fluid  mass  grttelr 
collects.  The  cr^'stals  are  separated  from  this  substance  by  filtration  at  tbs  aw 
temperature,  and  finally  by  pressure  between  filter^paper.  A  portion  of  the  cditii 
is,  however,  contained  in  the  viscid  liquid,  and  may  be  separated  by  dissolviB^  At 
whole  in  hot  acetone  and  leaving  the  solution  to  cxyatallise  in  tall  vessels;  itt^ 
deposits  frosty,  heiiyy,  nodular,  crystalline  groups  or  echicerin  and  echitin.  aftovci 
ligDt  needles  of  echitei'n,  and  lastly  a  resinous  mibstance  called  eekireUn..  Theidtfa 
is  easily  separated  from  the  heavier  cr}'stals  of  echicerin  and  echitin  bv  leviguiai 
with  the  mother-liquor  before  the  separation  of  the  resinous  echiretin  begins  Ijidji. 
the  two  portions  of  crude  echite'm,  obtained  as  above,  are  stixxed  up  with  s  ssil 
quantitv  of  light  petroleum,  the  liquid  is  pipetted  off,  and  echitein,  purified  by  jaoft 
tallisation  from  boiling  alcohol. 

Echitein  crystallises  from  hot  strong  alcohol  in  light  needles,  which  eoeatf  tf 
prisms  apparently  belonging  to  the  rhombic  system.  1  pC  dissolves  in  960  |[ti.rf 
80  percent,  alcohol  at  15^  Right-handed  rotation,  r«]D"*88°  in  etbtt;  Uif 
in  chloroform.  It  melts  at  196°,  forming  a  colourless  liquid  iriiieh  ovitaUiM  * 
168^ 

Bromechitein,  G(=H"£r'0^  prepared  like  the  brominated  derivatives  of  e^ion^ 
echitin,  forms,  when  dry,  a  yellow  powder  melting  at  150^,  easily  soluble  in  Iwifi^ 
le*<s  easilv  in  cold  alcohol.  Chloroform  and  ether  dissolve  it  readily,  and  lasTvi:* 
evaporation  as  a  gelatinous  mass  in  which  crystals  arfterwatds  form.  It  m  tf 
attitcked  by  potash,  but  dissolves  with  purple-red  colour  in  strong  sulphuric  add. 

G.  aolilrettn,  C^1P*'0^  After  the  greater  part  of  the  echitan  has  cfrsdUaC 
out  from  the  alcohulic  or  acetouic  solution,  as  above  deacribed,  a  yeUowifthfTMia 
begins  to  separate,  which  is  a  solution  of  echiretin  in  alcohol  or  acetone  -  sad  a 
dissolving  this  oil  in  acetone,  ami  leaving  the  solution  to  <«vaporate  in  a  tsp-hmd 
the  ochiretin  gradually  collects  in  the  tube  of  the  funnel  as  an  oil  mixed  with  ccnd* 
of  <x*hitein.  On  opening  the  tap,  this  oil,  together  with  some  of  the  acetonic 
runs  off,  while  the  crystaN  of  fvhitciu  are  retained.  The  oily  layo"  of 
scpMr;ito<l  hy  a  pipette,  dissolved  in  etlier,  and  decolorised  by  animal  charaosL  iftv 
the  evaporation  of  the  ether,  the  ochirotin  remains  as  a  yellowiah  refr  farilde  tmttk 
easily  separated  from  the  sides  of  the  vessel. 

Kchirotin  forms  a  translucent  mass  which  may  be  rubbed  down  to  a  ■LiULUidir 
It  is  tiistoli^ss,  nnutral  to  test-papers,  :ind  melts  at  52®.  It  dissolves  easily  in  dha  '^ 
petroleum,  chloroform,  Ixtiling  acetone  andboilinff  alcohol,  and  sepaiates  ftencb^ 
two  solutions,  when  sufficiently  concentrated,  in  the fonn  of  an  ofL  BoCstan  Bosv* 
elUcreaV  so\uX\otv,  ai>« -v^V'^I'".  ^wmv^«  \«  essilj  abaorbed  by  it.  flInH  ^i 
acid  convertf^  '\t  \i\Vo  &  '^-^Wo^  ««bw\^  IwiKCtAn  twv^    ^!^^^^*!^i^.^^^AariaLMUL &■!•■< 


DITABTARIC  ACID— DITOLTL-CARBAMroES.        m 

at  ordinary  temperatures,  i'oriuiug  a  blood-red  solution,  which  becomes  brown-red 
when  heated. 

A  comparison  of  the  formula  of  these  resinoi'd  substances  seems  to  indicate  that 
they  have  a  dose  relationship  to  one  another,  and  to  the  similar  compounds  obtaioed 
from  the  milky  juice  of  other  plants. 

Kchicaoutchin (OH»)»0«. 

Echicerin (C»H»)«0». 

'  EchiretJn (C»H")»0«. 

Echitin  is  also  homologous  with  echicerin,  and  echitei'n  with  echiretin : 

Echicerin C~H«0Vn:4r  niTiA 

Echitin C„H«0«{^^«"°^*  ^^ 

Echiretin CI*»H»H)«fT..«  ^,„,4 

Echitdn C«H"0«{^^®'®°^^^ 

Echiretin  and  echicerin  are  probably  identical  with  two  resins  obtained  by  Heints 
from  the  milk  of  the  Cow-tree  {Tabermmontafta  utUis). 

Ediicerin  also  has  the  same  percentage  composition  as  lactucerin,  although  the 
properties  of  the  two  bodies  do  not  agree  in  erery  respect.  Cubeb  camphor  is  another 
body  which  appears  to  be  isomeric  with  echicerin,  whilst  the  antiaretin  obtained 
by  ae  Yrg  and  Lndwig  from  the  Antiaris  toxicaria  seems  to  agree  with  ediiteSin. 

Dita  bark  contains,  in  addition  to  the  substances  abore  described,  a  small  quantity 
of  another  alkaloid,  soluble  in  water  and  alkalis,  but  insoluble  in  ether.  Jobst  a. 
Hesse  are,  howerer,  of  opinion,  that  this  bark  will  never  become  a  prodnctiye  source 
of  erystaUisable  alkaloids,  and  that  its  febrifuge  qualities,  if  it  possesses  any,  must 
be  due  to  some  of  the  other  constituents. 

The  bariL  also  yields  calcium  oxalate,  and  some  acids  precipitable  by  acetate  of  lead. 

mTASTAXIO  AOIB.    See  Tabtaric  Acid. 


DITBSdBawXOXO  ACXB.    See  Bhmzoic  Acm  Dbbitatiyis  (p.  297). 
DXTKXOOTAVZO  AOXB.    See  Ctan70  Acm  (nrrHio-)  (p.  608). 
BXTKXOWZO  AOXB.    See  Sulfbub  Acids  of  Oxtgbn. 
DXTKXOPSVSSXAMZO  AOXOS.    See  Thiofbussiaioo  Acids. 
EOSnXBTHAn.    See  DioxTTHTMTLBTHAifS  (p.  656). 

era*— CH« 
,,  C**H**a  I  .    Di-fnetM/l-pherwl.— Solid  ditolyl,  prepared  by 

C«H<— CH« 

the  action  of  sodium  on  parabromotolnene  (2nd  Suppl,  1179),  is  not  altered  by  heating 
to  500^  for  a  Quarter  of  an  hour,  but  by  longer  heating  it  is  decomposed,  with  separa- 
tion of  charcoal;  no  anthracene  or  phanthrene  is  formed  in  tnis  decomposition. 
Liquid  ditolyl  (b.p.  280^-285^)  from  the  same  source  is  completely  resolved  by  heat- 
ing for  five  minutes  into  anthracene  (with  a  small  quantitr  of  phenanthrene),  toluene, 
and  free  hydrogen,  2C"H'*-C"H>«  +  2(rH»+H«.  A  third  modification  (o-ditolyl), 
prepared  from  liquid  bromotoluenei,  is  resolved  at  600^-600^  into  a  mixture  of 
phenanthrene,  anthracene,  and  toluene  [with  evolution  of  hydrogen]  (BarHer,  Oompi, 
rmd,  Ixxviii.  1769 ;  Asm.  Ch.  Pkya,  [6 J,  vii.  616). 

Solid  ditolyl  dissolved  in  acetic  acid  is  oxidised  by  excess  of  ehzomie  acid  to 


weight  of  CrO't  giTM  a  tohfUphenyUcarbonio  add  melting  at  176^ ;  with  7  pts.  GrO*, 
a  diphewl-diccurhome  aeid  isomeric  with  the  one  obtained  from  solid  ditolvl ;  and  with 
11  pts.  CrO*  it  is  completely  oxidised  to  t&rephtkaUo  acid.  Solid  ditolyl  appears  to 
be  me  para-farO'  and  Uquid  ditolyl  the  orth(hpara  modification  of  di-methylphenyl 
(Camelly,  dhem.  8oe,  J.  1877,  ii.  663). 

BXTO&T&AimrBt  (0'H')'NH,  is  formed  by  heating  toluidine,  (C*H')NH', 
with  its  hydrochloride.  It  forms  long  white  needles  which  mdt  at  about  70^.  Ae$tyU 
ditolylamine,  (CrH'^(0»H»0),  boils  at  86<> ;  hetufoyl-dUofyhmine,  (CrH»)"N(C»H»0), 
at  126^  (Gerber,  Deut.  Chem,  On.  Ber.  vi.  446). 

]>XTO&T&-GAmBAaiXllBS.  Di-pseudo'iolyl-carhamide,  QOiJSilSLXSlSPf, 
prepared  by  heating  pseudotoluidine  ^orthotoluidine)  with  urea,  crystallises  m 
white  needles.  Treated  with  carbon  disulphide,  it  yields  di-pseudotolyl'thioearb- 
amide  and  carbon  oxysulphide,  CO(NH.(rH»)«  +  CS"  -  COS  +  CS(»H.(rHTf ,    Heated 

T  T  2 
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with  phosphorus  trichloride  and  pseudotoluidioe,  it  is  conrertcd  into  tri-pMndotdjl* 
guanidine. 

C0<NH:C'H'  +  C'H'(NH')  -  H'O  +  C-H'-NrrtK^g  gg; 

which  is  also  formed  from  ditolyl-ihiocarbamide  by  heating  it  with  peendotoliiidiiie 
alone,  or  in  alcoholic  solution  with  pseudotoltudine  and  lead  oxide. 

Tri-pseudotolylgpanidine  heated  to  180°  with  carbon  di8ulp|hide  is  oonTsited  into 
di-pseudotolyl-thiocarbamide  and  pseudotoljl-thiocarbimide  or  iaothiocyanAte : 

(yH^N=0(NH.C'H')«  +  CS«  =  CS(NH.C'H')«  +  C!S=N(C^^). 

Pseudotolylthiocarbimide  is,  however,  best  obtained  bjr  boiling  di-pseudotolylthio- 
carbamide  with  faming  hydrochloric  add : 

CSCNH.CHO*  +  Ha  «  {NH«.(rH').HCa  +  CSzzN.CH'. 

It  is  a  colourless,  strongly  refracting  liquid  having  a  pungent  odour,  easily  volatilisiBg 
with  vapour  of  water,  and  boiling  constantly  at  289°.  like  other  thioeazbimidci 
(mustard  oils),  it  easily  uuites  with  amines  to  form  thiocarbamides  (thio-nreas)  (R 
Q-irard,  JDeut.  Chem.  Gts,  Ber,  vi.  444). 

Ditol^lcarbamide(m.p.266°)  and  ditolylthiocarbamide  (ni.p.  na^tiom 
paratoluidme  have  been  already  described  (pp.  392,  398). 

BITO&TXi-STKAn  or  BlMJITll  SlaTCEBll  I JLBTBAS!^ 

(CfH\CH*)^G— CH*,  is  formed  by  the  action  of  acetaldehyde  on  toloene.  To  pn- 
pare  it,  paraldehyde  is  added,  slowly  and  with  frequent  agitation,  to  well-oooled  sul- 
phuric acid  till  the  acid  has  dissolved  from  1  to  1^  per  cent,  of  it,  after  which  toluene 
IS  gradually  added  in  the  proporiton  of  2  mol.  C'H'  to  1  mol.  0*R*0,  rise  of  tempe^ 
Ature  being  all  the  while  carefully  prevented  by  cooling  with  ice.  The  mass,  after 
being  well  shaken  and  then  left  at  rest  for  a  few  hours,  is  poured  into  a  large  quaxrtitj 
of  water,  and  the  oil  which  rises  to  the  surface  is  removed  and  shaken  with  etoor.  A 
considerable  quantity  of  resin  formed  at  the  same  time  must  also  be  agitated  with 
ether.  On  subjecting  the  ethereal  solution  to  fractional  distillation,  dimethylpheiiTU 
ethane  passes  over  at  296°-298°,  and  is  easily  obtained  pure  by  drying  it  in  eontset 
with  sodium.  The  quantity  obtained  is  about  equal  to  that  of  the  aldehyde  employed. 
Ditolvl-ethane  is  a  stronglv  refractive  oil  having  a  fragrant  aromatic  odour,  and 
not  solidifying  at  — 20°.  With  cold  fuming  nitric  acid,  it  yields  a  nitio-coiiipoaBd 
which  forms  small  highly  lustrous  crystals.  It  also  forms  a  substitntt(»i-oaaipoaiid 
with  bromine.  On  passing  its  vapour  through  a  red-hot  tube,  met  hyl-anthraeeni; 
G^^H**,  is  formed.  By  oxidation  with  potassium  dichromate  and  sulphnrie  add,  it 
yields  the  same  products  that  Wieler  obtained  by  the  oxidation  of  ditolyl-methane  (;.«.) 

0"H*^^5h   (™-P*  2^ 

(0.  Fischer,  Jkut,  Chem.  Ges,  Ber.  vii.  1191). 

Bitoljl-monooliloretliuie,  (C*H\CH*)*HC-~CH<C1,  prepared  from  mono- 
chloraldehyde  and  toluene,  in  the  same  manner  as  diphenylmonodilQrethaae  fnn 
monochloraldehyde  and  benzene  (p.  674),  is  resolved  by  distillation  into  hydrochlooe 
add  and  dimethyl-etilbene,  (C«H*.CH«)K)=OH»  (Hepp,  ibid.  1418). 

Bitolyl-tHclUoreUiane,  (0*H«.CH*)^0~-CC1>,  is  prepared  by  stiinBg  s 
mixture  of  1  mol.  chloral  and  rather  more  than  2  mol.  toluene  into  strong  snlplnuie 
acid.  To  the  mixture,  which  becomes  hot  and  acquires  a  dark  red-brown  oobaz; 
Kulphuric  acid  is  added  in  a  cooled  vessel  till  the  whole  becomes  pastj,  »^  the  fvo- 
duct,  which  quickly  solidifies,  is  thrown  into  a  large  quantity  of  water,  boiled  with 
water  for  several  hours,  then  dissolved  in  alcohol  or  ether-alcohol,  and  decolorised  bj 
animal  eharcoal. 

Ditolyltrichlore thane  forms  fine  crystals  melting  at  89°,  and  decompodng  at  t 
higher  temperature.  It  dissolves  in  2  pts.  of  ether  and  in  40  pts.  of  alcohoL  Boil- 
ing  alcoholic  potash  converts  it  into  ditolyldichlorethene,  CH^^Cl*- 
rO'H^CH')'=CCl',  which  crystallises  in  very  brilliant  needles  melting  at  92°,  snli- 
ble  in  2  pts.  ether  and  35  alcohol. 

Dinitroditolyl'trichlorethane,  C^^H^'CIXNO*)*,  formed  by  dissolving  the 
trichloro-compound  in  fuming  nitric  add  at  the  heat  df  the  water-bath,  crystallises  in 
short  brilliant  yellowish  prisms  melting  at  120°-122°. 

Dibromoditolyl-trichlor ethane,  C»«H"Cl"Br*,  is  formed  by  adding  bionifie 
(2Br^)  to  a  solution  of  ditolyl-trichlorethane  in  carbon  disulphide ;  the  action  is  eon- 
plated  in  a  few  days.  On  evaporating  the  solvent  and  treating  the  residue  with  light 
petroleum,  a  white  powder  is  obtained,  which,  by  crystallisation  from  alcohol,  is  oqb- 
verted  into  sVinini^  iiidescexit  \MivvDSfe.  "TVv^  ^^tk^-vow^  \&sS^a^  «S(.  \^%*^^  and  ^tsb  q^ 
X  rool.  HCJl  when  ttea^M  w\\>v  yAA,^\v. 
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Cflf6o*yl|>Aewy^^o/y^^r»cA;or<?Man^C'•H'»ClW=CCl»— CH^^^Q^'? 

is  formed  by  boiling  ditolyl-trichlorethane  for  five  or  six  days  with  chromic  acid 
mixture.  A  solid  mass  then  separates  out,  which  must  1m  exhausted  with  boiling 
ammonium  carbonate,  and  the  resulting  solution  treated  with  hydrochloric  acid  yields 
a  precipitate  of  the  carboxyl-compound.  Strong  alkalis  must  not  be  used  for  the 
exhaustion  of  the  crude  product,  as  they  would  al^tract  hydrochloric  acid  and  produce 
a  mixture  of  the  compounds,  C^'H^a^O'  and  C>'H*'C1K>^  which  weuld  be  difficult  to 
separate. 

Carboxylphenyl-tolyl-trichlorethane  c^stallises  from  glacial  acetic  acid  and 
alcohol  in  tablets  melting  at  173^-174^.  It  is  a  monobasic  acid,  and  its  alkali-salts 
CETStallise  well ;  the  bonum,  calcium,  and  magnesium  salts  are  fl(^ulent  sparingly 
soluble  predpitatas  (Fischer). 


\,    8e«  Ubbidbs. 
BIXT&TS.    See  Xtltl. 


In  support  of  his  views  respecting  the  relations  of  dolerite,  ana^ 
mesite,  and  basalt  (2nd  8uppl.  489),  Sandberger  has  analysed  some  of  the  constituent 
minerals  of  the  dolerite  of  the  Frauenberg  near  Henbadi.  The  results  show  that 
dolerite  consLsts  of  andesin,  titanic  iron,  auffite,  altwed  olivine,  and  apatite,  whereas 
basalts  are  destitute  of  titanic  iron,  and  probaoly  contain  labradorite  instead  of  andesin. 
There  are  also  basalts  {e,g,  those  of  Lowenburg  in  the  Siebengebirge,  and  Oberbrechen  in 
Nassau)  which  approach  dolerite  in  their  coarse-grained  structure,  though  not  in  their 
mineraiogical  constitution  (Ja^r^. /.  Min,  1874,  88). 

From  analyses  by  8.  W.  Hawes  (Sill,  Am,  J.  [3],  ix.  185  ;  Chem,  8oo.  J,  1878,  i. 
350),  it  appears  that  the  trap-rock,  wuich,  in  the  form  of  dikes,  intersects  the  mesosoio 
sandstone  of  the  Connecticut  valley,  has,  when  unaltered,  very  nearly  the  composition 
of  dolerite  (see  Tiup-socxd). 

On  the  Microscopic  Structure  and  Composition  of  British  Carboniferous  Doleritee, 
see  S.  Allport  {Gfeol  8oo,  Qu,  J.  xxx.  529 ;  Jnkrb.f.  Min.  1876,  425). 

BO&OanTB.  Formation.'-^.  Hoppe-Seyler  {ZeUschr.  Oeol.  Gea,  zzTiL  495) 
infers,  from  numerous  experiments,  that  aolomite  cannot  have  been  formed  at  ordinary 
.  temperature.  At  higher  temperatures,  however,  magnesium  salts  act  upon  lime  in 
such  a  manner  as  to  produce  dolomite,  the  reaction  commencing  at  temperatures  a 
little  above  100° :  in  this  manner  dolomite  may  be  formed  by  the  natural  action  of  sea- 
water,  calcium  carbonate,  and  carbonic  acid.  Haines  a.  Boelter  (Jakrb./.  Min,  1878, 
310),  from  an  examination  of  the  dolomitic  formations  of  South  IVprol,  have  arrived  at 
results  agreeing  very  well  with  those  of  Hoppe-Seyler  (without  reference  to  temper- 
atureV  They  conclude  that  slightly  dobmitic  limestone  formations  of  great  extent 
and  thickness  have  been  produced  directly  from  marine  organisms,  and  that  normal 
dolomite,  CaCO*.MgCO',  which  occurs  much  less  abundantly,  has  been  formed  by 
subsequent  addition  of  magnesium.  Dolomites  rich  in  magnesium  have  for  the  most 
part  l^en  produced  by  the  action  of  marine  magnesium  salts  on  calcium  carbonate,  and 
local  differences  of  composition  are  due  to  the  subsequent  action  of  running  water. 
For  analyses  of  dolomites  on  which  these  conclusions  are  founded,  see  the  memoir  above 
cited;  also  J.  ft.  Chem,  1875,  1259.  Hdrnes  (Vwhandl  geol  Reichanst.  1876,  70) 
disputes  the  conclusions  of  Hoppe-Seyler  respecting  the  temperature  at  which  dolo- 
mites have  been  formed,  as  inconsistent  with  observed  geological  relations,  especially 
in  South  Tyrol. 

Crystalline  form, — The  following  axial  relations  of  calcspar  and  dolomite  have  been 
deduced  from  very  careful  measurements  by  N.  v.  Kokscharow  (N.  Petersb.  Acad,  Bull, 

xxi.  47). 

Principal  axis  Secondary  udi  Angle  of  rhombohedron 

Calcspar    .        .     0-854628  :  1  105"  4' 0" 

Dolomite    .        .     0  83 1933  :  1  106<»  16'  0" 

A  white  granular  dolomite  from  Vigo  in  the  Fassathal,  having  very  nearly  the 
normal  composition  CaO.CO' +  MgO.CC,  has  been  analysed  by  J.  Rumpf  (ilftfi. 
Mittheil  1873,  33)  with  the  fbllowing  results : 

Found         .... 
Oalc.  •        •        •        •        I 

C.  A.  Bart  {Sill.  Am,  J.  [3],  vi.  213)  has  analysed  a  dolomite  from  the  magnetic 
iron  ore  locality  of  the  Tilly-Foster  Mine,  Putnam  County,  New  Yoik.    Thft  i^«cc«:Qit- 
nffe  composition  is : 


CO* 

C^ 

KgO 

47-42 

3007 

21-79  -  100  18 

47-83 

30-43 

21-74  «  100 

co» 

CaO 

MijO 

MnO 

FeO 

46-97 

30*30 

20-78 

0-13 

0-91 
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whence  may  be  deduced  the  following  proportions  of  the  carbonates  : 

CaCO»  MgOO"  FeCO»  MnCO" 

53-82  43-66  113  0*63   «  99*24 

Blue-grey  WeUenddomiUt  firom  Ittersbach  in  Baden,  used  as  a  hydraulic  lime,  hai 
been  analysed  by  Brigel  (Jahresb.f.  Chem,  1873,  1228): 

CaCO»         MgOO*         A1"0»         FeO  K"0  Na*0  X» 

64-48        31-16        6*71         217        0*26         1*83        2*85   -   99*46 
•  Insolnble  rosidae  oonaisUng  of  SiO*,  A1"0",  F«K)*. 

Vogelgesang  (Jahrb.f.  Min.  1878,  431)  gives  analyses  b^  A.  Mayer  of  two  marlr 
Wellendolomites  from  the  Black  Forest  of  Baden :  1.  from  Konigsfeld ;  2.  fromMdiiefa- 
weiler  ;  A.  total  analysis ;  B.  portion  soluble  in  hydrochloric  acid. 

CX)"  P»0»         CW)  MgO         Na«0       K«0        A1«0"       YffQF      BIO* 

1  A.     36-80       006       20-93       17-51       0*86       0*96       2*68       6*80  10-89   «  96^9 
B.     36-80        —       20-68       17*36      0*50      012     trace      4*59     0*26   -  80*80 


«^ 


2  A.     11*20      012       16*66        4*64      0-66       1*96  21*77  44-18   -101*08 


B.     11*20        —        16-20         1-00      0*23      0*63      014       114    018   -  80*62 

Tbe  analyfles  incltide  undetermined  crater  and  organic  matter. 

Other  yarieties  of  this  rock,  which  is  yery  generally  used  for  marling  the  fieldi, 
exhibit  a  strong  reaction  of  chlorine. 

Mayer  has  also  analysed  a  Triaonodm  dolomUe  firom  Hufingen  in  the  Baden  Black 
Forest,  used  for  the  preparation  of  hydraulic  mortar : 

CaOO"  Mg00»  FeH)»  A1"0"  H«0  Olay 

46*35  28*35  1*70  2-45  19*60   »   98  4^^ 

In  other  localities,  Franconia,  for  example,  this  rock  is  deyeloped  as  a  yery  pue 
limestone. 


See  OoPFBB  AitSKznDES  (2nd  SuppL  388). 

BVA&ZV.    An  explosive  material  consisting  of  nitrated  sawdust  saturated  with 

nitroglycerin. 

BUO&BTZTB.  A  new  mineral  from  DudleyriUe  and  the  CuUakanee  BGns  is 
North  Carolina,  formed  by  the  transformation  of  margarite,  which  occurs  in  its  im- 
mediate neighbourhood.    Colour  bronze-  to  brown-yellow.    Analysis  gave 


by 

SiO*  AlHy        Fe'O'         FeO  MgO         Na«0        K"0         Li*0       ignition 

32-42       28-42       4*99        1*72        16*87        1*62       0-56       019       13*43    »    10012 

(F.  A.  (Jenth,  Jahrb.f,  Chem.  1873,  1166). 

BUnunrOTSZTa  (ii.  347).    R.  W.  E.  Macivor  (Chem,  New.   zxx.  108)  hss 

published  an  analysis  of  Swiss  dufrenoysite,  agreeing  very  nearly  with  that  pzeyioulT 
made  b^  Stockar-Escher  (ii.  347),  and  therefore  corroborating  the  identity  in  chemical 
composition  of  monometric  dufrenoysite  and  trimetric  or  rhombic  enargite. 

a.  Direct  results  of  Macivor's  analysis  :  b.  Analytical  values  after  redaction  of  Ag 
to  Cu :  c.  Calculated  composition  of  enargite,  Cu'AsS^  or  3Cu^. As^*. 

Ca  Ag  Ab  S 

a  (found)               .        .     4606  243  1879  3246  =»  99*78 

6  (corrected)                   .     47*48  —  18*79  32'46  =  98*78 

c  (calculated)        .         .     48-29  —  1910  3261  «  100 

A  dufrenoysite  from  the  Binnenthal  (vom  Bath's  binnite)  with  numerous  ftces,  hu 
been  describea  by  Hessenbeig  (Jahrb.  f.  Mm.  1875,  646).  It  exhibits  a  rlK>mbie 
character  by  distortion,  and  if  all  its  faces  were  developed,  would  have  170.  The  iaeef 
404,  lOOlO,  and  40  are  described  as  new.  It  occurs  in  association  witli  blende  and 
galena. 

BVXiCAMASZW.  This  name  was  given  by  Wittstein  to  a  nitrogenous  snbetanee 
which  he  obtained  from  the  stalks  of  Sclanum  dulcamara  (ii.  346).  This  substance 
has  been  further  examined  by  E.  Oeissler  {Arch.  Pharm  [3].  vii  289),  who,  by  treatii^ 
it  with  ammonia,  has  freed  it  from  a  nitrogenous  impurity,  and  by  conyeiting  the 
remaining  substance  \ntjo  &  lead  compound^  and  decomposing  the  latter  with  hydro^B 
sulphide,  has  obtained  Ji  "^mt^  Tvan-t«jo\ABfe^  ^qkA-^j  >QswTVTk%  ^^  ^ssrsc^^s^^tl  <?*fit<J>». 
This  du  1  cam  arin  is  amoxp\io\ia,  \aa\Aa\A\X»t  «X.  ^ixeX^  >a&j^(r«re3^  \«e»aftfiaBid^ ' 
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dissolves  Id  alcohol  and  acetic  ether;  and  is  precipitated  by  basic  lead  acetate,  yielding 
the  compounds  C«H«PbO>»  +  3HK)  and  0«H«PbO"  +  6H»0. 

By  tne  action  of  dilate  acids,  dulcamarin  is  resolyed  into  glucose  and  a  resinous 
compound  C'*H^H)*,  called  dulcama^etin: 


I.  This  fiuoarsenate  of  aluminium  and  sodium,  first  recognised  as 
a  distinct  species  by  Brush  (2nd  SuppL  442),  is  found,  together  with  topac,  in  the 
stanniferous  sands  near  Durango  in  Mexico,  forming  small  isolated  brittle  crystals, 
nearly  as  hail  as  apatite,  having  a  conch(ndal  fracture  and  orange-red  colour,  and 
yielding  a  yellow  powder.  The  crystals  are  monoclinic,  most  frequently  exhibiting 
the  combinations  ooP  .  +P;  ooP  .  +iP;  ooP  .  ooPoo  .  +P  .  JP;  and 
odP  .  +  P  .  —  iP.  Besides  these,  Descloizeaux  nas  observed  a  clinodome,  2£qo  ,  and 
the  clinopinaco'id  ooCoo  ;  the  basal  face  OP  has  not  been  observed.  Angle, 
ooP-a  110®  10' ;  +P=  112®  lO'.  Cleavage  moderately  distinct,  prismatic,  Hardness 
•»5.  Sp.gr.  —3*95-4*03.  Colour,  light  reddish  veUow.  Lustre,  strongly  vitreous. 
The  plane  of  the  optic  axes  is  perpendicular  to  the  plane  of  symmetry.  The  first 
bisectrix  of  the  optic  axes  is  negative,  and  the  angle  between  these  axes  is  too  large  to 
allow  both  the  ring-systems  to  be  seen  at  once  in  air.  In  oil  this  angle  is  about  80°  63' 
for  red,  and  80®  49'  for  yellow  rays ;  so  that  there  is  a  slight  dispersion  p  <  v.  Thin 
laminse  exhibit  the  horizontal  dispersion  characteristic  of  t£e  monoclinic  system. 

In  chemical  composition,  durangite  exhibits  some  analogy  to  amblygonite,  but  the 
latter  is  triclinic^  and  differs  altogether  from  durangite  in  optical  and  physical  charac- 
ters (Descloizeaux,  Aim,  Ckim.  Phys.  [6],  iv.  401). 

Brush  (Sill.  J.  [3],  xi.  464)  has  analysed  some  crystals  of  durangite,  darker  in  colour 
than  those  which  he  previously  examined,  with  the  following  results : 

A«^>■  A1"0'         FeH5»        lln»0"  Na*0  Li«0  P 

5311         1719       9-23        208  1306        0*65        7*67   ->   102*99 

The  mineral  is  therefore  analogous  in  composition  to  amblygonite,  which,  however,  is 
tridinic,  and  exhibits  totally  different  optical  characters  (2nd  Suppl.  972). 

On  die  mode  of  occurrence  of  durangite,  see  H.  Hanks  (Jahrb.  /.  Mm.  ]877i  208  ; 
Chem.  Soc.  J,  1877,  i.  719). 

BinunrBf  CH^CH')\  This  hydrocarbon,  originally  obtained  by  the  action  of 
sodium  and  methyl  iodide  on  monobromotrimethylbenzene  (bromopseudocumene)  (1st 
Suppl.  828),  may  also  be  prepared  by  the  action  of  methyl  iodide  and  sodium  on 
dibromodimethylbenzene  (from  commercial  xylene)  diluted  with  benzene : 

0^«Br«(CH»)»  +  2CH«I  +  Na«  -  2NaBr  +   2NaI  +  C»H»(CH«)*. 

The  reaction  takes  place  easily  at  the  heat  of  the  water-bath,  yielding  crystallisable 
durene,  together  with  liquid  trimethylbenzeiie  (Janiiasch^D^u/.  Chem.  Oea.  Bcr»  Tii. 
692;  X.  1364). 

BmLZn.  A  resin  occurring  in  the  form  of  a  small  layer  from  26  to  76  mm. 
thick,  on  the  lignite  of  Dux  in  Bohemia.  It  is  opaque,  diuk  brown,  and  melts  at 
246®.  Sp.gr.  a  1*133.  An  analysis  by  Fischer  gave,  besides  2'72  per  cent,  water 
and  1*94  ash — 

CHS  C\ 

78-25  814  0*42  1319   »    100 

(C.  Doelter,  VerKgeol.  Beichsanst.  1874,  146). 

BTS-BTimB,  or  CO&OU»nrO  MATTBmS,  OmOAVIC  (O.  N.  Witt, 
Deut.  Chem.  Gee.  Ber.  ix.  622).  All  artificial  organic  dye-stufis,  and  likewise  those 
of  natural  origin — so  far,  at  least,  as  their  constitution  is  known — appear  to  belong  to 
the  aromatic  group,  and  their  tinctorial  power  may  be  shown  to  depend  upon  certain 
relations  between  the  radicles  of  which  they  are  made  up.  To  understand  these 
relations,  it  is  best  to  consider,  in  the  first  instance,  the  dye-stuffs  of  simplest  constitu- 
tion, viz.  those  formed  by  substitution  in  a  single  benzene-molecule. 

Benzene  itself  is  not  a  dye-stuff:  consequently  the  tinctorial  power  of  its  derivatives 
must  depend  upon  the  substituted  radicles  or  lateral  chains ;  and  a  comparison  of 
these  derivatives  will  show :  1.  That  tinctorial  power  is  not  possessed  by  any  mono- 
derivative  of  benzene,  or  by  any  di-derivative  in  which  the  same  radicle  is  twice 
repeated ;  and,  in  fact,  that  the  only  di-derivatives  possessing  this  power  are  the 

nitranilines  C*H*<^i^jT2,  and  the  nitrophenols  C^H^^Xg ,    that    is    to    say,   those 

which  contain  a  nitro-group,  NO',  associated  with  a  salt-forming  group,  either 
basylons,  (NH^),  or  acid,  (OH^.  That  this  association  is  the  essential  condition  of 
tinctorial  power  is  shown  by  tne  fact  that,  if  the  amidogen  group  be  deprived  of  its 
hasicitj  by  acetjlation  (substitution  of  C^H'O  for  H*),  ox  \£i^  V^^iXOii.^V^gc^^'^  ^1  NNi^ 
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acidity  by  methylation  (substitution  of  CH*  for  H),  the  tincturial  diirwiffii 
destroyed ;  the  nitro-acetftnilides  and  nitromethyl-phenoU,  or  nitranlsoh,  an  is  f«2i 
colourless  bodies. 

The  body  whose  presence,  in  conjunction  with  a  snlt-fonning  groap.  deCcmiaH 
the  possession  of  tinctorial  power,  may  be  conTeniently  called  achromophare,  aid 
the  compound  which  requires  only  the  presence  of  a  sult-fomuDe  group  to  coaTnth 
into  a  dye-stuff  maybe  called  a  chromogen  (thus  NO*  ia  the  chromophor«a( 
Hitraniline  and  nitrophenol,  and  nitrobenzene  is  their  chromogen)  ;  and  the  law  alan 
mentioned  may  be  stated  aa  follows : 

I.  The  tinctorial  power  of  aromatic  bodies  ia  determined  by  the  aimnltaDefni  p» 
sence  uf  a  chromophore  and  a  salt-forming  group. 

This  law  holds  good  likewise  in  aromatic  bodies  containing  two  benzene-ringi  it 
their  molecules.  For  example,  eizobenzene,  C*H' — N^iN — G*H*,  arhich  is  a  componi 
uf  doup  yellow  colour,  and  benzidine  or  diamido-diphenyl,  H*N — C*H* — OH*— OT, 
which  is  a  strong  base,  are  not  dye-stuffs  ;  but.  by  uniting  the  propertiea  of  the  m 
or  introducing  into  the  combination  both  the  chromophore,  — n' — -V — ,  and  theab- 
forming  group  XH^,  we  obtain  a  s«%ries  of  splendid  dye-atafla  aneh  as  amidanbo- 
zene.  (C«JI«.NIP)«N^  and  oxyazobenzene,  (C«H«.OH)*N».  Triamidaaobcan^ 
C«H»(NH*)^— N=N— C*HXNH»),  is  the  chief  constituent  of  the  splendid  dj»  ben 
as  Mancl.oster  Brown,  another  constituent  of  which  is  a  baaic  substance  wfaote  tamo- 
tion  is  most  probably  represented  by  the  formula : 


The  corresponding  ozy-compound,  C^H*[N=N.CH'(OH)^^,  which  ia  an  acid  ho^  b 
also  a  brown  of  very  similar  colour. 

A  further  example  of  the  law  aboye  stated  is  afforded  by  Mejer*s  asonitmaiilM- 
pheiiyl,  C«H^— N=^— CH*(NO<),  which  is  derived  from  the  a<ad  compooad,  nB> 
metliane,  and  is  a  strong  yellow  dye,  whereas  aaonitrobenzene,  CH* — N=N — CH^SO^ 
which  is  neutral,  has  no  tinctorial  power. 

The  colouring  matters  derived  from  azobenzene  afford  evidence  of  the  fblloviag 
law,  which  is  likewise  observed,  though  in  a  less  marked  degree,  in  aromade  bote 
containing  one  bnnzene* nucleus. 

IL  The  colour-producing  influence  of  a  chromophore  is  exhibited  in  the  aiEu 
derivatives  of  the  resulting  dyc-stufb,  in  a  higher  degree  than  in  those  eumpoM^ 
themselves  in  the  free  state. 

Nitraniline,  nitrophenol,  and  picric  acid,  in  the  pure  atate,  are  compooirii  of  i 
somewhat  pale  yellow  colour,  but  their  salta  are  dark  oraage-oolonred  or  rem  td 
{e.g.  those  of  the  chloronitrophenols) ;  again  amidazobensene  and  oxyaaobemoa  m 
yellow,  but  form  saline  solutions  of  a  splendid  purple  or  orange  colonr. 

All  the  dye-stuffs  above  m«*ntioned  contain  nitrogenous  chromophores  ;  bet  ia  tfai 
coloured  derivatives  of  anthraquinone  the  chromophore  is  a  group  containing  carbia 

Anthraquinoue,  C'H*^XQ^C*iI^  is  not  a  dye-stuff,  but  alizarin,  its  dihydrozji'^iB* 


vative,  C*II*<^q^O'H^0H)^  possesses  great  tinctorial  power.     Here  the 


vm 


CO,  which  ont^^rs  twice,  is  the  chromophore  of  aliauin,  and  it  performs  tha  ■» 
function  in  the  analogous  compound  diamidanthra^inone,  CflACK)'.G"H\NB'P- 
Thcs>e  bixlies  lose  their  tinctorial  properties  on  acetylation,  conibraiing  therein  to  LivL 
If,  on  the  other  hand,  we  exalt  the  salt-forming  power  of  aiizacin,  as  by  the  iB&» 
duction  of  a  second  OH-group,  or  of  NO^  or  NH^  the  tinctorial  power  u  Ukwis 
increased.  Purpurin  dyes  much  more  easily  than  aliarin  ;  ao  likewise  do  niti^  oi 
imido-aliziirin. 

Alizarin  also  fiirniishes  another  illustration  of  the  second  law  abore  stated. 
of  a  pale  orange  colour  in  tlic  free  state  or  in  solution,  but   forming  salts  v^nek. 
d.'irk  blue-violet  and  red  in  solution,  blackish  with  metallic  lustre  in  the  solid  fMa 

Of  the  numerous  isomcridcs  of  alizarin,  two  only  are  dje-atuflk,  viz.  qui 
and  purpuroxanthin  (pp.  102,  103);  whence  it  appears  that  the  dioxyaathxaq— 
which  are  capable  of  acting  as  dye-stuffs  are  those  which  have  at  least  onsof 
hy.lroxyl-;3no'.ips  in  the  ortho-position  with  respect  to  the  ketonie  gronpa. 

OH  OH  OH 


\/ 


CO- 


\/     \/ 


-co- 


A3Abke\3;x. 


V 


\y-"^\J' 


c^\vvi»a\vk. 
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As  a  fact  haying  some  analogy  to  this,  it  may  be  noticed  that  or^Ao-toluidine  plays 
an  essential  part  in  the  fonnation  of  rosaniline. 

Fluorescein,  C»H>'0*,  and  Eosin,  C*H*Br<0*K».— The  constitutional  formula  of 
fluorescein  is : 


^^*<Coo— C«H»(0HK^* 


Its  chromogen  is  not  actually  known,  but  would  doubtless  be  a  colourless  body 
represented  by  the  formula  C«H«(CO— C«H<)*0.  Its  chromaphore.  like  that  of 
anthraquinone,  is  double,  consisting  on  the  one  hand  of  oxygen,  and  on  the  other  of 
the  bi'valent  radicle  phthalyl,  G*H*(CO)'.  Phthalyl  alone  is  not  a  chromophore; 
phenol-phthalem  indeed,  though  red  in  alcoholic  solution,  is  not  capable  of  dyeing 
silk,  ^uorescoin  is  a  fine  yellow  d^e,  but  very  unstable,  being,  in  fact,  of  yeiy 
feeble  acid  character;  but  when  its  acid  properties  are  intensified,  as  by  the  introduc- 
tion of  a  nitro-group  or  of  halogens,  true  dye-stuffs  are  obtained,  amongst  which  the 
brominated  deriyatiTes,  viz.  the  phthaleins  and  eosin,  are  especially  distinguished  by 
the  purity  of  their  colours.  This  exaltation  of  the  tinctorial  power  wiUi  an  increase 
in  the  salt-forming  properties  in  the  compounds  just  considered,  and,  as  already 
obseryed,  in  the  nitrooiphenylamines  and  the  deriTatiye8x>f  anthraquinone,  leads  to 
the  following  general  law : 

in.  Of  two  similarly  constituted  dye-stuflb,  that  one  whose  salts  are  the  more 
■table  will  have  the  greater  tinctorial  power. 

Most  colouring  matters  owe  their  basicity  or  acidity  to  the  presence  of  an  amido- 
gen  or  hydroxyl  group,  whence  it  follows  that  each  chromogen  is  capable  of  yielding 
two  d^e-stuffs.  Nearly  all  dye-stuffii  may  indeed  be  arranged  in  pairs,  the  individuals 
of  whidi  always  exhibit  the  same  colour ;  thus : 

SS?^'i„,Hk.' yellow  ^^24^ 

Amidazobenzene  >    ,,  Tetranudotetrazotriphenyl  ( v_-__ 

Oxyazobenzene  J  7®"^  Tetroxytetrazotriphenyl     J^'^^- 

Byes  prodnoed  by  tlie  Aotloii  of  Vltrons  aold  on  the  Aromatlo  Ozy- 
eompoiinds.  Liebermann  {Deut,  Chem,  Oea.  Ber.  vii.  247)*  b^  treating  phenol  with 
strong  sulphuric  acid  containing  nitrous  add,  obtained  a  colouring  matter,  which  was 
afterwards  shown  by  Baeyer  a.  Caro  (ibid,  963),  to  be  identical  with  that  which  they 
obtained  by  the  action  of  sulphuric  acid  on  nitrosophenol  {T^d  Sw^.  911).    Baeyer  a. 

Caro  assign  to  this  compound  the  formula  C'>H"yO'-aN^^H%OH).  Liebermann,  on 

\0H 
the  other  hand,  by  the  analysis  of  this  compound,  has  obtained  numbers  leading  to  the 
formula  C"H**NO' ;  he  has  also  examined  the  products  obtained  in  like  manner  from 
thymol  and  from  orcin,  and  finds  that  the  reaction  in  each  case  takes  place  in  the  same 
way,  3  mols.  of  the  phenolic  compound  being  always  concerned  in  it.  These  dyes 
cannot  be  obtained  in  the  czystalline  state,  and  therefore,  in  order  to  obtain  pure  pro- 
ducts, great  care  must  be  taken  as  to  the  quantities  of  the  acting  substances  emploryed, 
the  temperature  of  the  reCKStion,  &c.,  and  it  is  best  to  operate  o^y  on  small  quantities 
at  a  time.  With  some  practice  it  is  possible  to  iud|;e  with  sufficient  accuracy  of  the 
purity  of  the  products  from  tJie  colour  of  the  alkaline  solutions.  The  reagent  used 
for  the  preparation  was  in  every  case  a  mixture  of  pure  sulphuric  acid  with  6  per  cent, 
of  potassium  nitrite. 

Dye  from  Phenol. — ^To  prepare  this  dye,  6  grams  of  phenol  are  mixed  with  an 
equal  volume  of  sulphuric  acid,  the  mixture  being  cooled,  to  avoid  the  formation  of 
phenolsulphonic  acia ;  and  20  grams  of  the  reagent  above  mentioned  are  then  added  ; 
the  temperature  during  this  operation  should  be  allowed  to  rise  to  40^-60°,  but  not 
higher.  The  mixture  becomes  first  brown,  and  then  blue  at  the  last  stage,  and 
slight  evolution  of  gas  takes  place.  On  cooling,  the  solution  is  poured  into  a  largo 
quantity  of  cold  water,  and  the  precipitate  filterod  off  and  dried. 

The  dye  consists  of  a  brown  powder,  easily  soluble  in  alcohol,  and  giving  with 
alkalis  a  deep  blue  solution. 

The  analyses  of  this  body  agree  with  the  formula  C^'H^'NO*,  and  not  with 
C"H'^0',  as  supposed  by  Baeyer  a.  Caro.  Its  formation  may  be  expressed  by  the 
equation — 

3C>HH)  +  NO»H  =  C>»H»NO"  +   2HK). 

Orcin  Dpe. — To  10  grams  of  orcin  in  10  grams  of  sulphuric  acid,  40  g;ram8  of 
the  reagent  are  graduallj  added.    The  solution  BViou\d.  \)«comck  o'i  ^  ^^  \iva^«  's^ 
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It  is  then  poured  into  a  large  quantity  of  water,  and  the  orange-red  pradpiutt 
formed  id  washed  and  dissolved  in  alcohol.  After  the  alcohol  has  been  erapomted  iM, 
a  green  mass  is  left,  haying  the  formula  C'^H^NK)* : 

3(rH«0»  +  2N0»H  =  C«»H"N»0«  +   4H«0. 

This  dye  is  homologous  with  Weselsky's  diazoresorcin,  which  i§  fonned  frnn 
resorcin  thus» 

3C«H«0^  +   2N0»H  =  C»«H"N»0«  +   4H«0. 

Orcin,  treated  as  above,  gives  rise  in  most  cases  to  several  colouring  mattan,  vUd 
are  sparingly  soluble  in  alcohoL  The  least  soluble  substance  giyet  with  alkilis  a 
bluish-violet  solution,  with  a  brown  fluorescence,  and  contains  lesa  nitrogen  than  \kt 
preceding  body.  The  orcin  dye  lately  described  by  Weaeli^  also  po— asses  a  diflfanst 
composition  (see  Obcin). 

Thymol  Dye, — 10  grams  of  finely  powdered  thymol  are  mixed  with  10  gEuu of 
sulphuric  acid,  and  30  to  40  grams  of  the  reagent  added  immediatelj.  The  sohitiQa 
becomes  first  green,  and  then  blue.  No  eas  should  be  evolved.  As  soon  as  the  itte- 
tion  is  complete,  twice  the  volume  of  sulphuric  acid  should  be  added,  to  oonv«t  n- 
attacked  thymol  into  thymol-sulphonic  acid,  and  after  standing  for  soms  homy  tht 
solution  is  poured  into  water,  as  before. 

The  dye  consists  of  a  violet-coloured,  resinous  mass,  which  giyes  a  violets 
solution  with  alcohol.  Its  formula  is  0**H*'N*0\  and  its  formation  may  be  fiipiiiJ 
thus — 

3C'»H"0  +   2N0«H  -  C*fl"NK)«  +  8H«0. 

The  formation  of  these  bodies  probably  takes  place  in  the  manner  represenlsd  liy 
the  following  equations : 

<0H  yOU 

+   2C«H»0H  =  C*H\       JO— cm* 
NO  \N^  +  H«0 

Nitrosophonol.  FhenoL  nQ — C*H* 

Phenol  djre. 


/(OH)' 
(2.)    C«HfCH«      +   2C'H»[CH^j,  =   C»h4  N<g>C.H'-CH 


(OH)' 

*   2C"H'[;'0H^,  =   C'H 

DiuitroBorcln.  Orcin.  I  N<^9SC«H» CH' 


1(N0)'  H^^r  -u-  ^   JH^ 

Ordndye. 


(8.)     C*H. 


/OH 
CH« 

l(NOy 
Dinotrasoihymol.  Thymol. 


+   2C*H« 


OH 
OH' 
C»H 


fOH 
CH» 

C«H^  crH» 

CH»     -  C«H-^N--00«H»JJ^,^,     +  H^ 

^0 

N^OC^-Jg"^ 

Thymol  dye. 


Bulpliaretted  Byes  of  Croissant  and  aretonnldre.  These  djM,  known  is 
France  as  '  Grands  Teints,'  are  produced  by  the  action  of  certain  sulphides,  or  of 
sulphur  and  an  alkali,  at  various  temperatures,  upon  almost  all  organic  snbstsoM^ 
including  all  kinds  of  sawdust,  bran,  cotton-wa8t«,  various  organic  acids,  dzigoa*f 
blood,  gum-resins,  &c.  They  are  soluble  in  water,  and  adhere  to  the  fibre  withoit  a 
mordant ;  nevertheless,  for  reasons  to  be  presently  mentioned,  they  are  genenOy 
fixed  with  potassium  dichromate.  They  are  cheaper  to  produce  than  the  aailiBs 
colours,  in  combination  with  which  and  with  other  dyes  thej  yield  reiy  beaatifsl 
shades  of  brown,  yellow,  grey,  lilac,  and  violet,  and  a  colour  very  nearly  approadd^ 
to  black. 

These  dye-stuffs  are  obtained  in  the  shape  of  bulky,  more  or  less  dark-eo&raied 
masses,  according  to  the  height  of  the  temperature  used  in  their  preparation  and  iti 
longer  or  shorter  duration.  Increase  of  temperature,  within  the  limits  of  20(P-SO(P, 
and  its  duration,  increase  the  solubility  and  the  beauty  of  the  product  obtained,  and  it" 
capacity  of  resisting  the  action  of  light..  The  dyes  are  all  very  hygroscopic,  and  nitft 
therefore  be  preserved  in  well-closed  metal  boxes,  or  they  would  become  oxidised  and 
completely  damaged,  an  insoluble  substance  being  produced;  after  fonr  or  firv 
months'  exposure  they  become  quite  insoluble  and  useless.  It  is  important,  thcnfoR, 
to  use  the  dye^baikih  as  itQa\i  «a  '^dosk^^  ^itAL\A  viXivaat  \tA  coitLtAUJtja  belbre  Isaviiv  it 
In  a  freshly  pieDasei\MAi)ht2^e  Qia8i(A:7«^Qic\^^Kfvs^Ta»tiutsb>^^  wu^^sbL^teM&n^Va 


DTE-STUFPS.  699 

the  vegetable  and  animal  fibre  that  the  colour  may  be  entirely  withdrawn   after 
sufficient  time  has  elapsed,  and  a  colourless  solution  left. 

In  making  an  aqueous  solution  of  the  colouring  matter,  the  water  used  should  be 
free  from  lime,  which  forms  flocculent  and  almost  insoluble  precipitates  with  the  dis- 
solved colour.  Water  containing  lime  should  therefore  be  boiled  with  soda.  The 
colouring  matter  is  precipitated  filom  its  solutions  by  acids,  with  liberation  of  carbonic 
acid  ana  sulphuretted  hydrogen,  the  precipitate  easily  re-dissolving,  however,  in 
alkaline  solutions.  Alum  and  the  metallic  salts  also  act  as  predpitants ;  but  the  most 
important  of  them  for  dyeing  purposes  is  potassium  bichromate,  which  also  acts  as 
an  oxidising  agent,  and  the  precipitates  which  it  gives  rise  to,  with  few  exceptions, 
are  unaffected  by  most  solvents,  even  boiling  caustic  leys,  so  that  this  salt  serves  as 
an  important  agent  for  fixing  the  colour  on  yam  or  cloth.  The  colours  so  fixed  are 
also  proof  against  adds,  so  that  ink-spots  may  be  removed  from  the  dyed  fabrics  by 
oxalic  add  solution  of  1  pt.  in  4  pts.  of  water  without  irjuiy  to  the  colours.  Chlorine 
and  hypochlorous  add  destroy  the  colours  very  ouickly.  For  silk  and  woollens  it  is 
recommraded  either  to  partly  neutralise  the  bath  with  acetic  add,  or  entirely  to  pre- 
dpitate  the  colouring  matter  b^  means  of  an  add,  wash  the  predpitate,  dissolve  the 
latter  in  ammonia,  and  dye  with  the  resulting  ammoniacal  solution  {(^em.  News, 
170 ;  Dingl.  pol,  J,  ccxv.  263  ;  Chem,  Soo,  Jour.  1876,  i.  468). 

On  the  Dyes  produced  by  the  action  of  Sulphur  on  Aromatic  Diamines,  see 


Decoloration  of  Indigo- solution  and  other  Vegetable  Dyes  by  various  Sulphur-corn' 

Sounds, — The  bleachinff  of  indigo-solution  by  sulphur-compounds,  more  particularly 
yposulphurous  acid,  H^O',  and  the  hydrop;en  persulp^hides  (H'S*  and  H'S'^,  is 
generally  attributed  to  the  reduction  of  indigo-blue  to  indigo-white,  a  view  which 
derives  support  from  the  circumstance  that  when  the  bleadied  solution  is  shaken 
with  air  the  blue  colour  is  restored.  According  to  E.  Sehaer,  however  (Deut,  Chewn* 
Ges.  Ber,  ix.  340),  the  bleaching  is  more  probably  due  to  the  formation  of  molecular 
combinations  of  the  sidphur-compounds  with  mdigo,  whereby  the  colour  of  the  latter 
is  masked.  For  a  solution  of  indigo  bleached  by  hyposulphurous  acid  is  turned  blue 
not  only  by  atmospheric  oxygen  and  all  oxidising  agents,  but  also  by  several  redudng 
agents,  especially  nydrogen  sulphide;  and  a  solution  bleached  by  hydrogen  persul- 
pnide  is  turned  blue  by  treatment  with  gaseous  sulphur  dioxide  or  its  aqueous  solution, 
as  well  as  by  oxidising  substances ; — ^faists  which  admit  of  easy  explanation  on  the 
supposition  that  hydrosen  sulphide  in  this  case  acts  upon  hyposulphurous  acid  in  the 
same  wav  as  upon  sulphurous  acid,  and  that  hydrogen  persul^ide  behaves  like  hydro- 
gen sulphide  towards  sulphur  dioxide. 

According  to  this  explanation,  indi^  and  other  vegetable  dyes  bleached  by  hypo- 
sulphurous add  or  hydrogen  persulphide  would  be  restored  to  their  original  colours 
by  treatment  with  any  substance  which  decomposes  these  sulphnr-ooinpounds,  and 
thus  sets  free  the  colouring  matters. 

TesttBv  of  Bya-stnfik  The  following  systematic  method  is  given  by  F.  Fol 
{DingLpol,  J,  ccxii.  620) : 

Bluxs. — Bolution  of  dtric  acid  or  dilute  hydrochloric  add  is  added. 

(a.)  Colour  changes  to  red  or  orange :  Logwood  blue, 

(6.)  Colour  does  not  ohan^. 

Another  part  is  treated  with  caldum  chloride  solution. 

io.^  Colour  remains  unchanged :  Ihrustian  blue, 
b.)  Colour  changes. 
Anodier  part  is  treated  with  caustic  soda. 

!a.)  The  substance  is  decolorised :  Aniline  blue, 
b,)  It  remains  unchanged :  Indigo  blue, 

Ykllows. — ^A  portion  is  tested  for  ferric  oxide  by  means  of  potassium  ferrocyanide ; 
another  part  is  tested  for  picric  add  by  means  of  potassium  cyanide  solution.  The 
production  of  a  blood-red  colour  indicates  picric  ada. 

If  the  colours  do  not  appear,  another  portion  is  treated  with  a  boiling  soap-solution 
(1  part  of  soap  in  200  of  water). 

(a.)  The  colour  changes  to  brown,  but  becomes  yellow  again  with  an  acid: 
Turmeric, 

(6.^  The  colour  becomes  very  dark :  Fustic, 

(c.)  The  colour  remains  unchanged :  Weld.    Persian  berries  or  Queroitrin, 

Another  portion  is  boiled  with  stannous  chloride. 

(a.)  The  colour  remains  unchanged :  Quercitrin. 

lb.)  The  colour  changes  to  orange :  Perrian  berries. 

If  annatto  is  the  colouring  matter  present,  the  colour  changes  to  greenish  blue  on 
boiling  in  amcentraUd  soipimric  add. 
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Beds. — The  substance  is  treated  with  boiling  soap-iolatiao. 

(a.)  The  colour  is  totally  dischaiged :  Saffron  carmme, 

(6.)  The  colour  is  slightly  discharged :  Aniline  red. 

(c.)  The  colour  changes  to  yellowish-red  or  yellow :  Brazil  wood  or  CoektneaL 

A  part  of  the  substance  is  treated  with  concentrated  snlphurie  acid. 


(1.)  A  cherry-red  colour  is  produced :  Brazil  wood, 
(2.)  -      -    - 


A  yellowish  orange  colour  is  produced :  CoekisteaL 
{d,)  The  colour  remains  unchanged :  Madder  red.    This  oolour  is  not  diichnped 
by  ammonium  chloride,  or  by  a  mixture  of  equal  parts  of  ttannouB  eUondt, 
hydrochloric  add,  and  water. 

Orbbks. — These  colours  may  consist  of  a  mixture  of  blues  and  yellows,  or  of  w&ik 
substances  as  aniline  green. 

The  substance  is  heated  in  a  water-bath  with  alcohol  of  95  per  cent. 

(L)  The  alcohol  is  coloured  yellow,  while  the  substance  becomes  more  and  BaEt 
blue :  Indigo  or  Prussian  blue  is  present.  The  residue  is  washed  and  tasted  for  tliMt 
blues,  as  already  directed.    The  alcoholic  liquid  is  tested  for  yellows,  as  above. 

(II.)  The  alcohol  is  coloured  green,  while  the  substance  becomes  less  eokond: 
AnUine  green  or  a  mixture  of  Aniline  blue  with  yellow  is  present. 
A  part  of  the  substance  is  boiled  with  dilute  hydrocUoric  acid, 
(a.)  The  liquid  is  coloured  blue  or  lilac :  Aniline  green  fiom  methyl  iodiie  u 
present. 

i5.)  The  substance  is  decolorised :  Aniline  green  from  aidehyds. 
0.)  The  substance  is  coloured  blue,  while  Uie  liquid  becomes  yellow :  Aniliae  him 
mixed  with  yellow, 

Violets. — The  substance  is  boiled  in  calcium  chloride  solution. 

(a,)  It  is  unchanged :  Alcanna  violet 

(b.)  It  is  coloured  nanqueen  yellow :  Madder  violet. 

(c.)  It  is  decolorised  :  Cochmeal  violet. 

Another  portion  is  boiled  in  citric  acid  ;  the  colour  is  lightened :  AmUmevioUi. 

To  distinguish  between  the  two  aniline  violets,  a  third  part  is  boiled  in  faydzo- 
chloric  acid,  which  is  diluted  with  three  times  its  volume  of  water.  After  washiif  it 
appears  blue-violet  if  ordinary  aniline  violet  is  the  colour,  while  if  ^  Hoftnaim's  nok 
is  present,  the  substance  appears  greenish,  and  after  washing  light  lilac  or  UuidL 

On  the  behaviour  of  dye-stuffs  with  various  reagents,  see  also  Bibazow  {MomUm 
scientifigue  [3],  iv.  600;  Chem.  Centr.  1874,  700,  717). 

Use  of  Sodium  Hyposulphite,  Na^O',  in  examining  the  Colourin^-matten  of  Dfd 
Fabrics. — Cloth  dyed  with  litmus  is  bleached  instantaneously  by  this  reagent,  evM  ib 
the  cold ;  cloth  dyed  with  Brazil-wood  is  bleached  after  a  very  short  time.  A  ckd 
which  had  been  dyed  with  indigo  over  another  colour,  was  found,  after  digestiaii  fcr 
some  time  with  hyposulphite,  to  exhibit  the  under  oolour  only.  The  reaetioD  ■ 
facilitated  by  rendering  the  liquor  alkaline  with  potash  or  soda  and  by  heating,  bit 
not  to  boiling.  The  rapid  oxidation  of  the  hyposulphite  renders  it  of  bat  littk 
value  in  determining  the  amount  of  litmus  in  the  commercial  substance  or  in  tinetom 
(Scurati-Manzoni,  Gazs.  chim.  iinl,  vi.  318). 

Testing  of  the  Fastness  of  Dyes  on  Coloured  Fabrics. — Bed  dyes  should  not  eokw 
soap-water  or  lime-water  when  boiled  therewith,  and  the  fabrics  themselves  sboold 
not  be  altered  in  colour  by  this  treatment.  The  occurrence  pf  these  negative  lenlti 
shows  the  absence  of  Brazil-wood,  archil,  safflower,  sandal-wood,  and  tar-coIosBi 
The  only  fast  yellow  dye  is  madder  yellow.  On  boiling  stuffi  dyed  with  it  withwatsc; 
alcohol,  and  lime-water  in  succession,  no  colouring  is  withdrawn  firom  the  matnil 
and  the  liquid  remains  colourless.  Fast  blue  dyes  should  not  give  np  any  colouii| 
matter  when  boiled  with  alcohol  or  warmed  with  a  mixture  of  hydrodilorie  acid  sod 
water  or  alcohol.  Violet  dyes  are  unstable  if  they  give  up  their  colour  in  any  cod- 
siderable  degree  when  boiled  with  weak  spirit  (equal  parts  of  water  and  ormauv 
spirit  of  wine),  and  left  to  stand  for  ten  to  fifteen  mmutes,  or  if,  on  boiling  win 
dilute  hydrochloric  acid,  they  change  in  colour  to  brown  or  brown-red,  and  impnt  a 
red  colour  to  the  b'quid.  Orange  dyes  should  not  be  dissolved  out  by  boiling  watff 
or  warm  alcohol.  Green  dyes  boiled  with  alcohol  shoidd  not  colour  it  eitlur  Un^ 
green,  or  yellow ;  and  hydrochloric  acid  heated  with  green-dyed  .stnflb  shoidd  not 
acquire  either  a  red  or  a  blue  colour.  Brown  dyes  are  unstable  when  they  give  vp 
red  colour  on  boiling  with  water,  or  yellow  on  being  left  in  contact  with  aloohoL  U 
a  black  stuff,  when  boiled  with  hydrochloric  acid  and  water,  colours  the  liquid  oaly 
yellow,  the  black  is  fast  (tannin-black).  If  the  oolour  of  a  fresh  sample  dsnni  to 
brown  on  boiWng  w\t\\  8c>^\wxa  <iTVT\>ciTiaXft,TkCi\\v\Tv^  \sv)&\».TA.v&rblBii!k  is  ^ireseot;  W  if 
the  stuff  thus  trealod  TemvuT^*  WatV  ox  \Arc\ya  \A>3k!R,  "Oc\«t^\%  ^\3Asn&  t^^  VB^^xm^st*^ 
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true  tanniD-black.  If  the  black  stuff,  on  being  boiled  with  water  and  hydrochloric 
Acid,  colours  the  liquid  red,  and  is  itself  at  the  same  time  turned  brown,  the  dye  is 
logwood,  without  a  basis  of  indigo,  and  is  quite  unstable  :  if,  however,  the  stuff  when 
thus  treated  turns  blue  and  the  liquid  red,  there  is  a  basis  of  indigo  under  the 
logwood,  and  the  dye  has  a  certain  degree  of  stability  (W.  St«in,  Dingl.  pol.  J,  ccx. 
215). 

Vse  of  apsom  Baits  and  Bulpliiiroiis  Aold  In  Byeinir*  It  has  been  long 
remarked  that  woollen  goods  dyed  with  aniline  colours,  and  treated  with  Epsom  salta, 
stand  the  action  of  soap  and  soda,  and  the  dressing  process  generally,  better  than 
those  which  have  not  been  so  treated,  or  treated  with  any  other  substance. 
Beimann  advises  the  use  of  Epsom  salt  in  yarns  to  be  dyed  violet  The  magnesium 
■alt  is  then  decomposed  by  the  action  of  soda,  with  separation  of  insoluble  magnesium 
compounds,  which  exert  no  action  upon  the  colouring  matter ;  any  alteration  in  the 
eolonr  by  the  alkali  is  thus  prevented. 

All  woollen-dyers  are  agreed  that  in  dyeing  with  methyl-  and  dahlia-violet,  the 
use  of  sulphurous  acid  is  found  ver^  advantageous ;  the  brightness  and  clearness  of 
the  tint  being  thereby  considerably  mcreased  {Dingl.  pd,  J.  ccx.  316). 

On  the  Dyeinff  of  Straw,  Hair,  Felt,  and  JPeathers,  see  Dingl.  pel.  J.  ccviii.  156, 
239,  318;  Jahre£.  f,  Chem,  1872,  1074;  1873,  1127;  of  Caoutchouc,  Dingl.  ccz. 
816 ;  Jahreab.  1873,  1127.  On  the  production  of  Brocade  colours  on  carpets,  gypsum, 
glass,  &c.,  see  Dingl.  pol.  J.  ccvii.  259  ;  ccviii.  159;  Jahreth.  1878,  1126. 


The  following  methods  of  analysing  dynamite  are  given  by 
Champion  a.  Pellet  (Moniteur  Scientific  [3]*  iii.  1036).  1.  If  the  dynamite  consists 
of  a  mixture  of  nitroglycerin  with  silica  or  other  inert  materials,  80  grms.  of  it  are 
treated  with  ether,  and  the  extract  is  evaporated  at  a  gentle  heat  on  a  water-bath  till 
the  weight  of  the  residual  nitroglycerin  becomes  constant.  2.  Dynamites  with  active 
base  usually  consist  of  mixtures  of  nitroglycerin  with  sodium  nitrate,  coal-dust, 
resin,  and  ferric  oxide,  which  decompose  during  the  explosion,  yielding  gaseous 
products  which  increase  the  explosive  power.  These  are  first  treated  with  ether, 
which  dissolves  the  resin  and  the  nitroglycerin  ;  the  ethereal  solution  is  then  evap- 
orated ;  the  residue  weighed  and  redissolved  in  ether ;  and  then  the  liquid  is  poured 
into  a  boiling  solution  of  sodium  carbonate,  which  dissolves  the  resin  and  precipitates 
the  nitroglycerin.  The  resin  is  precipitated  from  the  alkaline  solution  by  hydrochloric 
add,  then  collected  on  dried  and  weighed  filters,  and  weighed.  In  the  residue  left 
after  exhaustion  of  the  djmamita  with  ether,  the  sodium  nitrate  is  determined  by 
extraction  with  water,  and  the  carbonaceous  matter  and  ferric  oxide  by  ignition. 

Another  method,  given  bv  the  same  authors  {Bull,  8oc.  Chim,  [2],  xix.  496),  for 
the  estimation  of  nitroglycerin  in  dynamite,  is  to  exhaust  the  substance  with  wood- 
spirit,  and  evaporate  to  a  constant  weight.  If  the  djmamite  contains  resin,  saltpetre^ 
&c,  it  is  treated  with  hot  water,  whereby  the  nitrates  are  dissolved,  and  the  resins 
separated  on  the  sur&ce  of  the  water.  The  nitroglycerin  is  then  separated  from  the 
insoluble  matters  with  wood-spirit  as  above. 

On  the  Conditions  of  Explosion  of  Dynamite,  see  Expldsivbs. 

A  description  of  the  arrangements  and  mode  of  working  in  Nobel's  Dynamite 
factory  at  Lauenburg  is  given  in  the  BerichU  der  dsuUckm  Ckemiichen  QesMachuft, 
1876,  1800;  shortly  also  in  the  Jahreab./.  Chemie,  1876,  1107. 

BT8ZOTB.  An  alloy  of  copper,  62*80  per  cent.,  lead,  17*75,  tin,  10*42,  and  zinc, 
9*20,  with  traces  of  iroii,  used  in  Germany  for  the  axle-beds  of  machinery.  It  may 
be  prepared  by  fusing  together  62  pts.  copper,  18  lead,  10  tin,  and  10  zinc.  It  is  not 
quite  homogeneous  (Uhlenhuth,  Dingl.  pd.  J.  ccxv.  877). 


This  carbonaceous  mineral,  originally  found  at  Melilli  in  Sicily 
(ii.  860),  occurs  also  in  the  Ries  district  of  Bavaria,  where  also  brown  coal  is  found  in 
strata,  at  a  depth  of  8  to  9  meters,  in  a  bluish-grey  loam.  Dysodil  occurs  at  the 
same  depth  as  the  brown  coal,  but  only  in  thin  strata  or  layers,  in  the  form  of  black 
parchment-like  leaves,  which  become  brown  on  being  dried.  These  leaves  are  united 
together  by  interpolated  loam,  which  thus  causes  the  layers  to  have  a  thickness  of 
several  centimeters.  From  these  layers  extremely  thin  leaves  of  dysodil  can  be 
separated  by  means  of  a  knife,  but  it  is  impossible  to  free  them  entirely  from  adhering 
loam :  for,  if  the  dry  mineral  is  scraped  with  a  knife,  dysodil  and  clay  come  off  together, 
and  if  washing  the  substance  is  attempted,  the  loam  behaves  like  fuller's  earth.  Sp. 
gr.  about  1*458.  Examined  under  the  microscope,  it  exhibits  a  uniform,  finely 
undulating,  gritty  structure,  in  which  few  crystals  are  discovered.  The  homogeneous 
ground -mass  in  which  they  are  found  seldom  exhibits  any  signs  of  oiganic  structure. 
The  CTjfitnh  are  tabular,  not  attacked  by  acetic  or  hydrodiloric  acid,  but  are  rounded 
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off  by  ether.    The  action  of  ether  never  goes  beyond  this  point,  erra  if  the  dysodil 
has  been  exposed  to  it  for  several  days,  and  only  partial  solution  oeenn. 

Dysodil  is  characterised  by  burning  easily  witn  a  brightly  luminous  flame,  gnriai 
off  a  disagreeable  odour  much  like  that  of  burning  caoutchone.  If  cut  i^ 
thin  strips  and  freed  from  dav  it  bums  like  a  wax  taper,  with  a  very  sooty  flaae. 
On  submitting  the  air-dried  dysodil  to  destructive  distillation,  water  comes  over  tt 
50®,  and  is  eventually  completely  driven  out.  At  170^  and  above  it  eyolves  a  laigi 
amount  of  illuminating  gas,  which  contains  2  per  cent,  of  carbonic  acid  and  a  trut  of 
sulphuretted  hydrogen.  The  smell  of  this  gas  and  also  that  of  the  tar  eaauag  vnt 
at  220°-260°  recalls  that  of  allyL  The  tar  runs  out  in  deep  yellow  ^oa§,  T|i 
reaction  of  the  products  of  distillation  of  the  gas- water  and  of  the  oil  is  deeidi^ 
alkaline,  whence  it  differs  from  the  products  of  the  destmetiTe  distillstioo  of  bcovi 
coal,  which  are  acid.  Dysodil  coke  still  retains  the  parchment-like  appeannee  of  tht 
original  substance ;  it  is  black,  and  gives  off  a  further  amount  of  illwininating  gy 
when  ignited  in  a  j^latinum  crucible,  leaving  eventually  a  reddish-grej  ash.  100  paits 
of  crude  dysodil  dried  at  100°  consist  of: — 

Aah»  C  H  N  8  0  H^ 

69-464         10*353         3*82         0*180         0  601         5*848         0*73   »   100. 

Deducting  the  ash,  we  get  the  true  composition  of  dysodil,  namely : 

O  IB.  VI  B  O  H*0 

63-39         1251         0-62         196        19-J3        2-89   «    10000 

(Fricklinger,  Jahrb.f.  Min.  1875,  760).     See  abo  Church  (Chem.  News,  xxziv.  166). 


E 


From  a  comparison  of  the  composition  of  the  flehaitii 
of  glucinum,  cerium,  didymium,  lanthanum,  yttrium,  erbium,  and  thorimim  with  tint 
of  uie  selenites  of  well-lmown  metals  such  as  magnesium,  nickel,  cobalt,  oopmr,  ne, 
manganese,  aluminium,  iron,  and  chromium,  E.  Nilson  (Deut,  Chem,  Get,  Ber.  viil 
656)  infers  that  glucinum  is  analogous  to  the  metals  of  the  magnesinm  group,  that  ii 
to  say,  it  is  bivalent ;  that  erbium,  yttrium,  and  the  cerite  metals  are  analogoiis  to 
aluminium,  ue.  trivalent,  whilst  thorinum  occupies  a  place  by  itself  hariitg  no  appaieat 
relation  either  to  the  other  metals  of  the  rarer  earths  or  to  tin  or  streonivm.  Set 
further  Nilson  {Ber.  iz.  1142;  Chem,  8oo,Jour,  1877,  i.  49;  also  Cmam  Mscau 
(p.  418),  and  Ebbiux  (p.  786  of  this  volume). 

On  the  Compounds  of  Uie  Chlorides  of  the  Earth-metals  with  Merenrie  Cyanidt, 
see  Ctaiodbs  (p.  610). — On  other  Compounds  of  the  Earth-metala,  see  Skuuiw, 
CEBrni  Mbtals  (pp.  418-425),  and  Erbixth  in  this  volume. 


See  Rasim,  Fossel. 

, ^nm.    Reaction  with  Celluloee, — According  to  A.  Mullcr 

{J.  pr,  Chem,  Ixxxiii.  384^,  baryta  is  precipitated  from  its  aqueous  solntioo  in  some- 
what considerable  quantity  by  filter-paper ;  and  H.  Weiske  finds  that  etrontia  sad 
lime  are  precipitated  by  filter-paper  in  the  same  manner :  hence  in  quantitative  deter- 
minations the  alkaline  solutions  of  these  bodies  shoidd  not  be  filtered  (Zondb. 
Ver8%uih8.'8tati<men,  xix.  155). 


Earth-eating  is  known  to  be  practised  by  varioif 

races  of  people  in  different  countries.  In  Spain,  there  is  the  bueiiro ;  in  Thnrii^ia, 
the  heurre  de  roche ;  in  Russia,  the  farvne  de  roehe^  or  farine  oSlei^ ;  in  Hindostaa. 
the  so-called  patnorearth ;  on  the  island  of  Java,  a  species  of  earth  called  teueaa^ 
and  others,  aU  of  which  are  made  use  of  by  the  inhabitants  as  food.  At  the  geoenl 
meeting  of  the  Hungarian  Pharmaceutical  Society,  in  1875,  a  note  was  x«ad  by 
J.  Molvar,  on  a  species  of  earth  used  as  food  by  the  poorer  rlnonop  of  the  Neogru 
'listrict  in  Hungary  in  times  cf  famine.    The  following  r^ults  show  the  analyniof 
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this  earth: — Carbonic  acid,  40*357;  lime,  51*488;  magnesia,  0*11;  Tolatile  matter, 
6*545;  ferrons  oxide,  0'158;  alumina,  2*272.  The  volatile  matter,  which  is  the 
probable  source  of  nourishment,  was  found  to  contain,  besides  empyreumatic  substances, 
0*067  water,  and  00 10  nitrogen.    J.  Briz  (Chem.  CetUr,  1875,  642). 

C.  Schmidt  {Ann,  Ch.  Phys,  [4],  xxri.  636)  has  examined  two  edible  earths,  one 
from  Lapland,  the  other  from  Southern  Persia. 

The  Lapland  earth  came  from  the  village  of  Pono'i,  67°  5'  N.,  42°  12"  K  It  is  a 
light  white,  powder,  resembling  talc,  used  in  Lapland  for  mixing  with  dough  for 
bread.  A  bed  of  it  2  or  3  feet  thick,  exists  under  the  sand  and  claj  of  the  river 
Atsche  I^jeka.  It  consists  essentially  of  finely  divided  potassium  silicate,  appearing, 
when  magnified  200-300  times,  in  white  non-ciystalline  scales,  but  litUe  attacked  by 
hydrochloric  or  sulphuric  acid.  It  contains  in  100  parts,  alumina,  40797 ;  potassium, 
46*606 ;  silica,  9*846 ;  water  driven  off  at  100°,  0*260 ;  water  removed  at  a  low  red 
heat,  0*835.  It  is  probable  that  this  so-called  edible  earth  plays  only  a  passive  part 
in  alimentation. 

The  second  specimen  of  earth,  from  Kirman,  in  Southern  Persia,  is  known  under 
the  name  of  0*hd  i  G^iwh,  and  occurs  in  white  and  ^rey  lumps,  soluble  with  strong 
effervescence  in  dilute  nitric  and  hydrochloric  and  in  warm  acetic  acid,  leaving  a 
slight  residue  of  silica.  It  contains  in  100  parts,  CO*  45*728,  lAgQ  32*722,  O&O 
13*235,  KaCl  8*542,  water  at  120°  1*558,  hygroscopic  moisture,  1*422.  Schmidt 
regards  this  earth  as  a  purely  mechanical  mixture  of  magnesium  and  calcium 
carbonates,  with  a  little  magnesium  hydrate,  acting  on  the  system  in  the  same  way 
as  ma^€sia  alba.    It  is  in  great  part  soluble  in  carbonic  acid  water. 

sau&UIOSCOFB.  A  description  of  Vidal's  Ebullioscope  for  detarmimog  the 
stren^  of  spirituous  liquors  by  their  boiling  points  is  given  in  the  Compt,  rend. 
Ixzviii.  1470,  and  in  the  Journal  afthe  Chemical  Society,  1874,  1014. 

SeeEBOOT. 


SOHZCKAOVTOSnr,  BOSZCamZC  AOZO,  and  BOKIoaanr.  Constitu 
ents  of  Dita  bark  (Eehitet  scholarit).    See  p.  689. 

S<3SnrOBBBBKATA  and  TUVZOATA.  The  mineral  constituents  of  these 
animals  have  been  examined  by  A.  Hilger  (PflUgef's  Jrckiv,  f,  Phys.  x.  212).  ^e 
bodies  of  the  tunicata  (ascidians,  &c.),  exhausted  with  dilute  hydrochloric  acid,  and 
not  incinerated,  were  found  to  yield  traces  of  sodium  chloride,  small  quantities  of 
silicic  acid,  calcium  sulphate,  and  phosphate,  and  thices  of  iron,  whilst  carbonates  of 
the  alkaline  earths  were  absent. 

The  skeleton  or  covering  of  the  Echinodermata  (Holothuria)  was  found  to  yield, 
when  treated  with  dilute  hydrochloric  acid,  the  following  substances :  sodium  chloride 
and  sulphate,  calcium  sulphate  in  abundance,  calcium  carbonate  and  phosphate,  silicic 
acid,  magnesium  csrbonate,  and  ferric  oxide. 

The  abundance  of  sulphate  probably  plays  an  important  part  in  ministering  to  the 
growth  of  chondrigenous  substance. 

,  SOHZTBXv,  and  aOBZTZV.    See  Dita  Bark. 

This  rock,  occurring  at  Eibiswald  in  Styria,  has  been  examined 
by  J.  Mauthner  (Jahrb.f,  Min,  1873,  328).  It  consists  of  a  granular  mixture  of 
garnet,  omphacite,  hornblende,  and  a  small  quanti^  of  quarts.  The  garnet  encloses 
minerals  of  various  kinds  which  are  grouped  round  the  centre  of  the  ciystals.  The 
following  analysis  (the  first  that  has  been  made  of  an  edogite)  is  by  E.  Ludwig : — 

SiO«  A1«0*  Pe»0"  MgO  CaO  Na*0         K'O 

50-13         14*37         13*02         6*46         12*85         2*35         0*14   «   99*32. 

Three  varieties  of  edogite  from  Upper  Franconia  have  been  analysed  by  £.  v. 
Gerichter  (Z405^«  Annalen,  clxxi.  183). 

I.  From  Eppenrouth,  near  Hof ;  containing  large  garnets  of  reddish-brown  colour, 
beautifully  crystallised;  also  grass-green  granules  of  omphacite,  small  radiated 
crystals  of  disthene,  and  colourless  quartz.  Powder  white,  or  &intly  red.  Sp. 
gr.  8*40. 

II.  From  Silberbach,  near  Conradsreuth.  It  had  a  fibrous,  radiated  appearance, 
due  to  the  predominance  of  leek-green  omphacite,  and  contained  very  large  garnets, 
but  less  disthene  and  quartz  than  the  preceding  specimen.  Powder  grey.  Sp. 
gr.  3*42. 

ni.  From  Markt  Schorsast ;  containing  a  large  number  of  garnets,  and  exhibiting 
black-brown  veins  of  carinudne  between  large,  nale-green  crystals  of  smarsgdite,  with 
a  little  omphacite  and  disthene.    Powder  greyish-green.    Sp.  gr.  3*43. 


'04  EGGS. 

Analyses  ofEclogite, 

I 

Silica 67-10 

Phosphoric  anhydride    ....  traces 

Alumina 11*66 

Ferric  oxide 2*84 

Ferrous  oxide 3*22 

Manganous  cxide 0*31 

Lime 13*80 

Magnesia 6*37 

Potash  ......  0-81 

Soda 2-21 

Water 0-54 


II 

m 

5500 

48-81 

traces 

tracts 

13-54 

IG'ift 

274 

6-00 

3*37 

7-48 

0-20 

0-43 

1209 

9-72 

10-21 

762 

0-50 

0-46 

210 

2*64 

032 

012 

98-86  10007  99-43 

The  proportion  of  the  garnets  to  the  general  substance  or  *  ground-man '  of  tW 
rock  is  1  :  3  in  the  edogitea  from  Eppenreuth  and  Silberbach,  and  I  :  1  in  that  &m 
Markt  Bchorgast  The  first  t^ro,  which  contain  typical  omphacite,  hare  approximaulj 
the  following  mineralogical  composition :  26  per  cent  garnet^  4*5  quazts,  diBthcoe,  aad 
mica,  and  70*5  omphacite,  whereas  in  the  third,  which  contains  hornblende,  the  pro- 
portion of  ^met  rises  to  60  per  cent. 

On  the  Eclogite  of  the  Saxon  Grannlite  district,  see  Dathe  {Jahrb,  f.  Mm,  187€, 
226,  337 ;  Chem  8oc,  J.  1876,  ii.  887,  612). 

BOOB.  The  presence  of  starch  in  egg-yolk  has  been  demonitzated  by  DtteiU 
(  Vierteljahrschrtft  f,  prakt.  Pharm.  xxii.  266).  The  reaction  of  the  stardi  withiodiM 
is  in  general  much  hindered  by  the  presence  of  the  fat^  and  albuminous  eoastitwQU 
of  the  egg,  so  that  it  is  best  to  undertake  the  microsoopiAal  examination  when  the  jdlk- 
sac  has  been  separated  &om  its  contents  by  the  process  of  hatching.  At  thii  st^i 
distinct  starch  grannies  may  be  recognised,  not  exceeding  0*026  mm.  in  diimefer,  lai 
frequently  turned  red  instead  of  blue  by  iodine.  Dareste  belieres  that  he  his  sen 
three  or  four  generations  of  starch-granules,  which  are  formed  fipom  g^noose  and  n- 
oonverted  into  it.  Starch-granules  of  0*006  mm.  diameter  occur  also  in  the  seminal 
ducts  of  birds,  and  other  animals  (not  specified),  at  times  dififerent  from  the  fazcediq^ 
season,  at  which  indeed  they  disappear  wholly  or  partially. 

OrystaU  in  Eggs, — Some  eggs,  which  were  no  longer  fresh,  bat  yet  had  not  uadff- 
gone  the  ordinary  putrefactive  process,  were  found  to  be  free  from  microeeQpe 
organisms,  but  to  contain  groups  of  minute  adcular  crystals  attached  tothememliut 
which  lines  the  shell.  Tb^se  crystals  proved  to  be  tyrosine,  and  the  contents  of  thi 
eggs  also  yielded  leucine.  These  substances  were  obtained  in  much  larger  quantitia 
from  the  merely  stale  eggs  above  mentioned  than  from  putrid  eggs,  ana  there  seau, 
therefore,  to  have  been  a  transformation  of  the  albumin  resembling  that  whick 
Schiitzenberger  observed  in  the  insoluble  proteic  components  of  beer^eaat,  when  that 
plant  continues  to  live  at  its  own  expense  without  putrefBiction  (U.  Qajon,  J,  Fkom. 
Chinu  [4],  xxii.  27). 

Spontaneous  Alteration  of  Eggs, — Gayon  finds  that  spontaneona  deeompositifie 
occurring  in  eggs  is  invariably  accompanied  by  the  presence  of  microscopic  otgamoM 
(vibrios),  which  he  supposes  to  be  introduced  through  the  oviduct  during  the  foznatiQa 
of  the  egg.  It  has  been  stated  by  previous  observers  that  when  egss  are  shaken  so  as 
to  mix  the  yellow  and  white,  immediate  putrefaction  occurs.  ThisThoweyer,  aeeadiBg 
to  C^yon,  is  far  from  general  An  intimate  mixture  of  the  yolk  -and  white  df  egg, 
passed  into  vessels  deprived  of  germs,  may^  be  kept  for  months  exposed  to  pore  sir  at 
a  temperature  varying  from  20^  to  30^  without  undergoing  putrefaction ;  bat  if  tha 
experiment  be  tried  with  an  egg  containing  bacteria  or  spores  of  fbngi,  and  these  paai 
over  into  the  mixture,  putrefaction  in  the  case  of  the  former,  and  change  doe  to  ^ 
growth  of  fungi  in  the  case  of  the  latter,  will  occur.  In  these  experiments,  as  in  tho« 
of  Pasteur,  all  conditions  favourable  to  spontaneous  generation  are  present,  bat  stiU  it 
does  not  occur.  The  molecular  granxdes  which  are  present,  especially  in  the  yolk,  do 
not  give  rise  to  bacteria.  Hence  Gayon  concludes,  in  opposition  to  B^^amp^  that  tha 
granules  which  the  latter  calls  miorozymeSi  have  not  the  power  of  oonverting  them- 
selves into  bacteria  or  vibrios,  any  more  than  into  globules  of  alcoholic  yeast. 

The  following  experiment  points  to  the  same  results.  If  daring  the  incnbatioD  of 
an  egg  the  development  of  the  embryo  be  arrested  at  any  period  before  the  exiC  of  tha 
chick,  and  if  such  eggs  containing  dead  embryos  be  kept  for  several  months  at  about 
26^,  some  only  of  them  will  be  found  putrefied,  whilst  the  others  will  have  nndsEgOBea 
slow  non-putTe&ycftWe  igitOQAsa.  OoiLtrairY  to  the  hitherto  published  obsezratiotti, 
Gayon  fincb  that  t\v«  putx^iSacitivm  ol  X^cick  ^ti^t^tm  q\  «€^Ns^  ^i^:^n^|^^R«sBDE\;Hl;aflA.^s\^bb. 
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deyelopment  of  bacteria  or  vibrioB  analogous  to  those  found  in  the  putrefaction  of 
ordinary  eggs.  He  confirms  the  views  of  preyious  observers  that  fungi  may  develop 
in  the  interior  of  eggs  and  produce  special  changes.  Bacteria  and  fungi  may  co-exist, 
the  egg  being  both  putrid  and  mouldy,  but  in  this  case  the  putrefaction  is  due  to 
bacteria  and  not  to  fUngi. 

Another  change,  acid  fermentation,  has  been  met  with  in  a  few  cases.  In 
these  the  eggs  exhale  an  add  non-putrid  odour,  and  contain,  not  bacteria,  but 
spicules  varying  in  breadth  from  '5  to  *7,  and  in  length  from  5  to  lO-thousandths  of  a 
millimeter. 

Lastly,  eggs,  like  all  organic  matter,  may  undeigo  slow  oxidation,  which  does  not 
correspond  with  the  development  of  any  microscopic  organisms.  This  is  characterised 
by  a  yellow  tint  and  Uie  presence  of  numerous  very  fine  Cfystalline  needles  {Compt, 
rend.  Ixxvi.  232 ;  Ixxvii.  214). 

On  the  Decomposition  of  I^ggs,  see  also  W.  Thomson  {Chem^  News,  xxx.  169 ; 
Chem.  8oe.  J.  1876,  176). 

PreservaHon  of  Eggs. — According  to  F.  C.  Calvert  (CE>mp^.  rettd,  Ixxvii.  1024),  egss, 
either  entire  or  pierced  at  the  end  oy  a  fine  needle,  may  be  kept  for  three  monuis 
without  change  m  an  atmosphere  of  nitrogen,  hydrogen,  or  carDonio  anhydride.  In 
dry  oxygen  entire  eggs  undergo  no  change,  but  if  the  gas  is  moist,  the  ^gg  becomes 
covered  with  a  white  filamentous  mould. 

An  egg  pierced  at  the  end  soon  becomes  putrid,  either  in  dry  or  in  moist 
oxygen,  the  amount  of  oxygen  consumed,  and  of  carbonic  anhydride  and  nitrogen 
evolved,  being  much  greater  in  the  latter  case  than  in  the  former.  See  also  H.  Yohl 
(Deut.  Chem.  Gee.  Ber,  ix.  22  ;  Jahresb.f.  Chem.  1876, 1133). 

Egg8  ofReptUea. — ^The  yolk  of  the  egg  of  the  common  snake  contains  a  proteid 
resembling  myosin,  lecithin  and  its  products  of  decomposition,  also  cholesterin, 
alkali-albuminate,  fat  (8*9  p.c),  phosphates,  chlorides  ana  sulphates  of  the  alkali- 
metals.  The  shell  contains  carbonate  and  phosphates  of  calcium,  traces  of  silica  and 
iron,  but  no  manganese ;  calcium  sulphate  is  present,  and  indeed  appears  to  be  a 
general  constituent  of  the  body  of  the  lower  animals,  as  it  exists  in  the  outer  integu- 
ment of  Holothuris,  Tunicatse  {Pyrowma  mi.),  Salpse,  PhallusisB,  ki^ 

The  shell  and  yolk  also  contain  an  or|p;anic  substance  consistiuff  of  C.  64*68, 
H.  7'24,  N.  16*37,  and  0.  21*10.  This  body  is  free  from  sulphur  and  phosphorus,  and 
forms  in  the  diy  state  a  yellowish,  homy  mass,  insoluble  in  alcohol,  etner,  acetic  acid, 
and  dilute  hydrochloric  acid ;  with  water  it  softens  and  swells  up.  The  composition 
is  similar  to  that  of  elastin,  firom  which  it  dififers,  however,  by  not  being  acted  upon 
by  concentrated  caustic  potash  (Hilger,  Beut,  Chem.  Oee,  Ber,  vi.  166). 

MMJUSTM  (ii.  366).  The  fc^owing  three  analyses  (A-C)  of  ehlite  from  Gomwall 
have  been  published  by  Church  (Chem.  8oc.  J.  1873,  1 18).  D  is  the  percentage  com- 
position calculated  from  the  formula  6CaO.FH)*.8HH) : 

CW)  PHy  A8«0»  Pe"0»  H^  Sp.gr. 

A  (found)        66*29  20*38  2*42  1*42  8*26  «  98*76  8*911 

B      „              66*84  23*78  trace  —  926  -  99*83  3*911 

C      „              66-88  23*96*  trace  —  9*16  «  100  4*23 

D(calc.)          66*98  23*92         —  —  9*10  =  100  — 

*  By  difflerenoe. 

WMMBMMROTTMm  A  specimen  of  the  fibrous  variety  of  scapolite,  so  named, 
from  Arsdale*s  Quany,  Bucks  Co.  Pennsylvania,  was  found  by  Leeds  {SiU,  Am.  J.  [3], 
vi.  26)  to  contain : 

810»         A1H>»        Pe^>•      MgO         OaO         NaH>        K«0        H«0 
47*47      27*61      tzace      1*20      17*69      306      1*40      1*48  -  99*70. 

Sp.  gr.  a  2*708  (comparo  v.  203). 

B&JBOOOCOA  (aoez,  Compt  rend.  Ixxxi.  469 ;  Ixxxii.  601 ;  Ixxxiii.  948). 
Elaococca  vemicia,  Tong-Yeou,  or  the  oil-tree  of  China,  is  a  plant  of  the  Euphor- 
biaceous  order.  Its  frmt  is  a  capsule  containing  several  large,  tough-coated  seeds, 
which  yield  by  cold  pressure  about  36  per  cent  of  their  weight  of  a  rather  viscid, 
colourless,  inodorous  oil,  having  a  specific  gravity  of  0*9362  at  16^  and  thickening  but 
not  crystallising  at  — 18°.  Ether  extracts  about  41  per  cent,  of  the  same  oil.  If, 
however,  carbon  sulphide  be  used  as  the  solvent,  the  extracted  fatty  matter  solidifies 
on  cooling  to  a  mass  having  a  c|7stalline  structuro,  melting  at  34^,  and  having  the 
same  composition  as  the  liquid  oil :  the  action  o^  the  carbon  sulphide  has  theroforo 
given  rise  to  a  physical  modification  of  the  fatty  matter.  The  oil  likewise  solidifies 
when  heated  in  contact  with  the  air,  but  in  this  case  the  solidification  is  attended  with 
absorption  of  oxygen,  and  the  product  is  nearly  insoluble  in  ether  and  in  car)>on 
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sulphide,  and  does  not  melt  at  200^.  Lastly,  solidification  is  effected  bj  ezponag  tht 
oil  to  light,  even  without  contact  of  air,  two  days  of  insoUeition  sni&cing  for  the  w- 
pose.  The  solidification  is  due  to  the  action  of  the  more  refrangible  nya,  as  it  does 
not  take  place  under  yellow  glass.  The  solid  &t  produced  has  the  nme  wugfat  is  the 
original  oil,  melts  at  a  temperature  32°  higher,  is  perfectly  neutnd  to  test  paper,  does 
not  contain  any  free  fat  add,  and  does  not  yield  glycerin,  to  water. 

Oil  of  elseococca  dries  up  in  a  few  hours,  when  spread  in  a  thin  film  on  a  plate  of 
glass  and  exposed  to  the  air ;  it  is,  in  fact,  one  of  the  fiistest-drying  of  all  knovn  oik. 
It  is  easily  sa^nified  by  alkalis.  When  heated  in  a  close  ressel  with  alcoholic  potash, 
it  is  resolved  into  glycerin  and  a  soap,  which  when  decomposed  by  phospbone  add 
yields  two  acids,  one  liquid,  which  is  ordinary  oleic  aeidi*  and  yields  a  lead  nh 
soluble  in  ether ;  while  the  other,  called  eUBomargaric  or  mmrgaroUe  aeid,  u  aystalliui, 
and  yields  a  lead  salt  insoluble  in  ether.  The  oil  is  themore  a  mixture  of  two 
glycerides,  viz.  elaeomargarin  (about  76  per  cent.)  and  ordinary  olein. 

Elseomargaric  acid,  C^'H^O^  crystallises  in  rhomboidal  plates;  it  melts  at 
48°,  is  insoluble  in  water,  soluble  in  ether,  carbon  disulphide,  liquid  iiydrocarbons,  and 
aqueous  alcohol ;  it  rapidly  absorbs  oxygen,  and  is  converted  into  a  soft  transpannl 
body,  which  gradually  becomes  hard  ana  resinous.  The  acid  pains  8*6  per  oeot  in 
weight  on  exposure  to  air  for  a  fortnight,  but  may  be  kept  without  alteration  ia  a 
sealed  tube  or  under  water.  It  is  monobasic  The  poiasfium  aaUf  C*'H*0^ 
crystallises  easily  from  hot  alcohoL  Its  concentrated  aqueous  solution  is  decomposed 
by  dilution,  jjrielding  an  acid  salt  which  crystallises  in  nacreous  scales.  The  ietd  tak 
is  insoluble  in  ether. 

The  solid  fat  obtained  b^  insolation  of  the  oil  yidds  by  saponification  a  mixtan 
of  solid  fatty  adds,  but  no  liquid  add.  By  a  series  of  crystallisations  from  akohol  a 
solid  add  may  be  separated, <»lled  by  Cloez  elaeostearic  acid,  which  melts  at  7r, 
may  be  distilled  under  reduced  pressure,  and  is  probably  a  polymeride  of  elsMOiaigazie 
acid. 

AOZO.    See  Olxio  Aan. 

According  to  J.  Lehmann  (Dingl,  pol,  J,  ccxix.  94),  the  press-cakM  of 
the  seeds  of  BSais  guineensis,  the  so-called  palm-cakes,  contain : 

Fat 7-12  to  16-14  per  cent, 

Proteids 12-86  to  20*26 

Non-azotised  extractive  matters  22*61  to  60*68         „ 

Woody  fibre 12*86  to  28*60         ., 

Ash 2*79  to    4*41 

Water 9*61  to  12*36 

BXJL8TIOZTT.  H.  Buff  (Poffff.  Ann,  Jubelb.  349)  has  determined  the  co- 
efficients of  elasticity  of  metals  and  other  solid  bodies  by  means  of  flexore  experimorfi 
made  with  rods  supported  at  both  ends  and  loaded  in  the  middle.  The  results  an 
contained  in  the  following  table : 

Coefficient  of 
Elasticity 
Cast  steel .... 

Bar  iron    .... 

„  .... 

„  .... 

„  .... 

»f  .... 

Cast  iron  .... 


OoefflcicBt  of 


20960 

Copper 

21056 

Zinc  . 

19760 

f» 

19790 

Iiead . 

20940 

White  glass 

20860 

Oak-wood  . 

20900 

Deal  . 

14352 

Beech-wood 

12270 

11900 

10800 

1862 

7490 

835 

1699 

969 


On  the  Elastidtv  of  Tension  of  Metals  at  various  temperatures,  see  Pisati  (6a». 
chim.  ital.  vi.  23  ;  Chem,  8oc,  J.  1877,  i.  38).  On  the  Elasticity  of  Gases,  see  Gasb. 
On  the  Elastidty  of  Torsion:  Pisati  {Crarz.  vi.  57 ;  viL  61,  173;  Ckem,  Soe,  J. 
1877,  ii.  162,  700). 

EUuticity  ofRegvUar  CiyataU  in  different  directions, — The  experiments  of  Voigt 
on  the  tenadty  of  monometnc  or  regular  crystals  in  different  directions  gaye,  ibr  the 
relation  between  the  minimum  and  maximum  elastidty,  the  ratio  1  !  1*22.  P.  Groth, 
proceeding  on  the  prindple  that  the  rate  of  transmission  of  sound  in  solid  bodies  it 
dependent  on  their  elasticity,  has  determined  the  tnininrnm  and  maximum  elastid^  of 
rock-salt  by  means  of  the  nodal  lines  produced  upon  a  vibrating  rod  of  that  substaaeB 
80  mm.  long  and  2  mm.  thick,  and  has  found  it  to  be  as  1  :  1*19,  a  resmlt  iridch 
may  be  regarded  as  identical  with  that  of  Voigt  These  results  show  that  the 
molecular  condition  of  monometnc  ciystals  is  different  firom  that  of  amorphous  bodies 
iJakrb,/.  Min.  1876, 199). 
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I  (Sambueus  nigra).    The  ash  of  the  bftrk  of  this  tree  contains 
in  100  parts : — 

K^)      Na«0     CaO        MgO      A1*CP    FeK)«       CI        S0»      FHy      SO"       CO* 
13-956  0*965  30-924r  10*730  0*250  0*350  0179  5*818  8045  6'455  23'274»99*946 

(Wittstein,  Arch.  Pharm.  [3],  vii.  394). 

BZJICT&ZCZTT.  VoiyrAic  Gibcutts. — Experiments  bearing  on  the  theory  of 
Toltaic  action  have  been  made  by  Gladstone  a.  Tnhe(Proe,  Roy.  &c,  zxir.  47).  They 
find  that  a  zinc-platinnm  couple,  immersed  in  a  solution  of  potassium  chloride,  liberates 
potassium  against  the  platinum  plate,  as  evidenced  by  the  eyolution  of  hydrogen  and 
the  presence  of  free  alkali,  and  that  a  similar  result  is  obtained  with  the  chlorides  of 
ammonium,  sodium,  bariam,  strontium,  and  magnesium.  The  action  is  slow,  but 
becomes  quicker  when  magnesium  is  substituted  for  zinc  in  the  couple.  Now  accord- 
ing to  the  chemical  theory,  the  zinc-platinum  couple  can  act  only  when  the  electrolytic 
liquid  in  the  cell  contains  an  element  (generally  hydrogen),  wnich  is  less  poeitiye,  or 
has  less  affinity  for  Gl,  S0^  &c,  than  zinc ;  but  in  tne  experiments  abore  described  the 
zinc  appears  to  be  capable  of  replacing  metals  more  positive  than  itself:  hence  it 
would  appear  that  the  ordinary  chemical  theory  of  the  battery  requires  some  modi- 
fication.* 

Sulphates  and  nitrates  are  also  decomposed  in  the  same  manner  as  chlorides,  and 
a  metal  joined  to  another  more  electronegative  than  itself  is  capable  of  decomposing 
its  own  salts :  thus  a  mercuiy-gold  couple  will  decompose  mercuric  chloride,  mercury 
being  deposited  upon  the  gold. 

With  the  view  of  throwing  light  on  the  contact  theory  of  voltaic  action,  J.  £. 
Fleming  (K  Arch.  Ph.  not.  L  412)  has  constructed  a  battery  without  contact  of 
dissimilar  metals.  This  battery,  which  has  an  electromotiye  force  of  ^Daniell,  con- 
sists of  a  series  of  cells  containing  alternately  dilute  sulphuric  acid  and  an  alkaline 
solution  of  sodium  pentasnlphide,  and  connected  by  q -shaped  strips  of  copper  and  lead 
altoTuately.  The  number  of  the  cells  is  even,  so  that  the  first  and  last  contain  different 
liquids  but  the  same  metal,  lead  for  example;  and  these  can  be  connected  with  a  gal- 
vanometer by  two  strips  of  copper  inunersed  in  them.  In  the  nitric  acid  cells  the 
copper  beins  the  more  strongly  attack<wl  is  positive  towards  the  lead,  but  in  the 
sodium  sulphide  it  is  negative :  consequently  sm  the  cells  produce  a  current  in  the 
same  direction. 

Currents  produced  by  the  Succeseive  Immersion  of  Eleotrodes  in  d^erent  Liquids. — 
When  two  electrodes  of  mercury  (or  other  metal)  connected  by  a  galvanometer  wire,  are 
successively  immersed  in  a  conducting  liquid  which  does  not  act  upon  them,  such  as 
water,  alcohol,  glycerin,  saline  solutions,  hydrochloric  acid,  &c.,  an  electric  current 
passes  from  the  fjreslily  wetted  sur&ce  of  the  mercury  to  that  which  had  been  wetted 
first.  The  strength  of  this  electric  current  diminishes  with  the  increasing  resistance  of 
the  intervening  liquid,  and  its  electromotive  force  varies  with  the  nature  and  the 
concentration  of  the  different  liquids,  but  decreases  as  the  saline  solution  becomes 
more  ooncentrated ;  it  may  amount  to  0*6  of  the  electromotive  force  of  a  DanielFs 
cell.  The  electromotive  force  is  the  greater,  the  more  quickly  the  surface  of  contact 
between  metal  and  liquid,  at  the  last  immersed  electrode  is  formed ;  and  as  the 
rapidity  with  which  this  takes  place  is  increased,  the  electromotive  force  approaches 
a  maximum  which,  in  the  case  of  viscous  liquids,  such  as  glycerin,  is  very  soon 
attained,  and  is  totally  independent  of  the  capillary  constant  at  this  surface  of  con- 
tact. These  electric  currents  are  probably  caused  by  changes  in  the  molecular  condi- 
tion (different  density  or  concentration),  which  is  gradually  brought  about  near  the 
surface  of  contact  of  the  two  liquids. 

The  electric  currents  produced  by  successive  immersion  of  two  mercury  electrodes 
in  sxdphuric  or  nitric  acid,  owe  their  origin  chiefiy  to  the  substances  formed  by  the 
chemical  action  of  the  acid  upon  the  mercury,  and  must  therefore  be  considered  as 
secondary  phenomena  or  as  polarisation  currents.  Electrolysis  is  capable  of  changing 
the  surface-tension  at  the  common  boundary  between  mercury  and  other  conducting 
liquids,  the  change  consisting  either  in  an  increase  or  a  decrease,  and  altering  its  sign 
with  the  direction  or  duration  of  the  current.  The  disturbances  brought  about  by 
capillary  phenomena  cannot  be  ascribed  to  the  substances  which  have  been  separated 
by  electrolysis  (Quincke,  Poyg.  Ann.  diii.  161). 

Function  of  Per  oxides  in  the  Voltaic  Circuit. — In  a  battery  arranged  on  Leclanche's 
principle  {let  Suppl.  555)  the  carbon  cylinder  being  surrounded  with  a  mixture  of  fine 
or  coarse  carbon  powder  and  fine  or  coarse  manganese  dioxide,  it  was  found  by  com- 
parative experiments  that  the  strongest  and  most  constant  currents  were  produced 

*  Does  not  the  aqueom  solatlon  of  potassium  chloride  contain  HCl  as  well  as  KCl,  and  may  not 
the  evolution  of  hydrogen  and  formation  of  alkali  be  dne  to  the  decompo^dtion  of  the  HOI  ? 

KZ2 
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with  a  mixture  of  ooaraelj  crushed  gas^coke  and  finely  pulTerised  manganate  dionda. 
This  result  is  due  to  the  great  electromotive  force  of  the  peroxide  towaraa  sine,  and  to 
its  great  depolarising  power,  combined  with  the  good  conducting  power  of  the  carbon, 
which  was  found  by  special  experiments  to  balance  the  great  renstanoe  of  the  atao- 
ganese  peroxide.  Lead  dioxide  is  an  excellent  conductor,  and  Toltaie  oombioatioM 
made  with  it  are  far  superior  in  power  to  those  containing  manganese  dioxide,  whether 
the  exciting  liquid  be  nitric  acid  or  solution  of  sodium  carbonate  or  dilute  Bulphnzic 
acid,  but  especially  in  the  last  case ;  their  utility  is  however  impaired  by  the  hel  tbst 
the  lead  dioxide  gradually  becomes  impure,  and  the  remstanoe  of  the  oombinatioB  ii 
thereby  greatly  increased,  an  inconvenience  which  can  be  remedied  only  by  emptying  and 
cleansing  the  glasses  and  their  contents,  whereas  a  manganese  combination  is  niani 
to  its  former  activity  simply  by  scraping  the  zinc  rod  (W.  Beets,  Poffp.  Ann.  cL  535). 

BleetromotiTO  7oroe.  As  a  unit  of  electromotive  force,  Latimer  Claris  (iVor. 
Roi/,  800,  XX.  444)  recommends,  on  the  ground  of  uniformity,  that  of  a  zinc-meroizj 
couple  excited  by  a  paste  formed  by  boiling  meicurous  sulpliate  in  a  aatarsted  solutaoa 
of  zmc  sulphate. 

The  influence  of  heat  on  the  electromotive  force  of  voltaic  couples  has  been  ex* 
amined  by  A.  Voller  (Pogg,  Ann,  cxlix.  894). 

Within  the  limit  0^-100°  a  rise  of  temperature  produces : 

CL  In  crease  of  Electromotive  power  in : 

About  0*05 ;  below  the  boiliog  point  a  maximiiTn  appears  to  oeeor. 
Not  very  considerable. 

At  least  equal  to  that  in  the  last  combination. 
Considerable  and  coDtinuons ;  at  78°  the  increase  amounts  to  0*17 
of  the  value  at  21^ 

/3.  Di min ution  of  ElecfcromotiTe  power  in :   . 

Continuous ;  at  90®  about  0*08  of  the  initial  value  at  28^. 
Continuous ;  of  the  same  amount  as  in  the  last. 
Very  considerable ;  at  91®  about  0'43  of  ^e  initial  Talue  at  22^. 
Very  considerable ;  at  80®  about  0*83  of  the  Talne  at  25®. 

The  general  result  is  that  the  electromotive  force  of  acids  to  metals  is  incrcassd. 
and  that  of  neutral  saline  solutions  to  metals  (except  Cu  in  NaCl)  is  diminished  hj 
rise  of  temperature. 

Leclanch^  (Compt  rend,  Ixxxiii.  1236)  has  examined  the  effect  of  a  lowering  of 
temperature  on  the  internal  resistance  and  electromotive  force  of  Yoltaic  couples.  "Bj 
cooling  to  between  —6°  and  —10®,  the  internal  resistance  of  a  Darnell's  cell  is  is- 
creased  to  at  least  26  times  its  value  at  ordinary  temperatures.  In  a  zine-caxbon  eeil 
excited  by  mercurous  sulphate  (1^  SuppL  654),  the  internal  resistance  is  increased  at 
— 16®  to  20  times  its  ordinary  value,  wnile  the  electromotive  force  is  diminished  bj 
only  one-tenth.  In  Ledaneh^'s  battery  (1«^  Suppl.  666)  the  resistance  is  not  qoite 
doubled  at  — 18®,  while  the  electromotive  force  diminishes  by  about  one-eighth. 

Electromotive  and  Thermo-electrio  Forces  of  certain  Alloys  in 
contact  with  Copper  (H.  F.  Sandell,  Pogg,  Ann,  cxlix.  144). — ^llie  method  eai- 
plo^ed  for  the  measurement  of  these  forces  was  the  same  as  that  used  by  Edlund  for 
estimating  the  electromotive  force  developed  by  the  contact  of  simple  metals  (M 
Suppl.  443),  and  the  main  result  of  the  investigation  is  that  the  same  law  holds  good 
for  these  alloys  as  for  the  simple  metals,  namely,  that  the  order  of  socoessioii  of  the 
several  alloys  with  regard  to  their  electric  tension  in  contact  with  copper  is  the  sasu 
in  the  thermo-electric  as  in  the  voltaic  series.  The  order  of  tension  is  givui  in  the 
following  table,  in  which  each  alloy  is  positive  with  regard  to  the  next.  E  deooCei 
the  voltaic,  B  the  thermo-electric  force,  q  the  quotient  of  the  two. 


Zn  in  SO«H« 
C  in  NO«H 
PtinNO»H 
CuinNaa 


Zn  in  SO^n 
Zn  in  NaOl 
Cu  in  SO«Cu 
Cu  in  SO*Zn 


Alloy  of  12  bismuth  with  1  tin    . 

»f  O  I*  fl  *       »|  • 

4  1 

Iron  

Alloy  of  2  bismuth  with  1  tin      . 

Copper 

NickelHiilver 

Alloy  of  82  bismuth  with  1  antimony  . 
Biswiith  


264-74 

270-69 

1-10 

23418 

286-39 

1-09 

137-49 

146-76 

1-06 

82-36 

8612 

1-06 

49-76 

61-69 

1-04 

0 

0 

._- 

9808 

10812 

1-05 

29601 

296-24 

1-00 

417-14 

460*06 

1-10 

^^^•^% 

I       680-94 

1-29 

_s 
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These  results  hold  good  only  for  temperatures  below  30°.  The  quotients  o  (except 
the  last)  differ  from  the  mean  value  1*06  by  6  per  cent  at  the  utmost,  the  difference 
being  within  the  limits  of  experimental  error.  The  difference  obserred  in  the  case  of 
this  last  alloy  may  be  ascribed  to  the  circumstance  that  its  very  great  electromotive 
and  thermo-electric  power  gives  rise  to  abnormal  heat-effects  which  disturb  the  action 
of  the  apparatus.  Lastly  it  is  found  that  pure  bismuth  and  its  alloys  with  tin 
exhibit)  m  course  of  time»  a  steady  decrease  of  electromotive  and  thermo-electric 
power. 

Thermo-electrie  relationa  of  certain  Metala  durjina  Fmion  and 
Solidification.— Theae  relations  have  been  investigated  by  A.  v.  Obermayer(^»0ii.* 
Akad.  Ber,  [2  Abth.]  Ixvi.  63),  and  by  A.  v.  Fita;erald-Minarelli  {ibid,  Ixxi.  694).  The 
metal  to  be  tested  was  melted  in  a  funnel,  and  a  wire  of  the  same  metal,  passing 
downwards  through  the  neck  of  the  funnel,  was  soldered  to  a  wire  of  another  metal,  the 
other  end  of  which  dipped  into  the  melted  metal.  The  point  of  junction  of  the  two 
metals  was  kept  at  0"".  Obermayer  finds  that  the  thermo-electric  relations  of  metals 
are  for  the  most  part  but  little  affected  by  ftision  or  solidification.  When  the  melted 
metal  consists  of  tin,  lead,  or  the  alloy  PoSn',  and  the  immersed  metal  of  iron,  the 
electromotive  force  does  not  vair  at  all  during  fusion  or  solidification.  Zinc,  in  com- 
bination with  iron  or  copper,  exhibits  nearly  constant  electromotive  power,  so  likewise 
does  a  bismuth-iron  couple. 

Tliinaielli  lias  determined  the  thermo-electric  power  of  the  following  couples  between 
0°  and  100°,  taking  that  of  iron  and  nickel-rilver  as  the  unit : 


Iron-tin 

Iron-lead 

Lead-antimony 

Lead-Einc 

Bismuth-iron 


0*8999 

0-9936 

4-403 

0-723 

4-274 


Bismuth-copper 
Bismuth-platinum 
Bismuth-antimony 
Tin-dnc  . 
Tin-antimony  • 


3-421 
2*720 
6-179 
0-398 
2-677 


The  curves  which  represent  the  results  of  obsert^ation  during  f^ion  and  solidifica- 
tion, show  that  a  regular  variation  of  electromotive  force  takes  place  as  the  temperature 
alters  through  the  melting  point  The  curves  for  fusion  and  solidification  agree  exactly 
in  all  cases,  excepting  for  the  bismuth-couples,  a  circumstance  which  may  be  due  to 
the  difficulty  of  obtaining  this  metal  in  a  pure  and  homogeneous  state.  The  electro- 
motive power  of  these  couples  attains  its  maximum  near  Uie  melting  point  of  bismuth, 
and  then  slightly  diminishes.  The  iron-zinc  and  tin-lead  couples  exhibit  very  slight 
alterations  of  electromotive  power  on  both  sides  of  the  melting  point  The  antimony- 
couples  are  distinguished  by  great  increase  of  electromotive  force  concurrent  with  rise 
of  temperature. 

On  the  Thermo-electric  properties  of  Potassium  and  Sodium,  see  Naccari  a. 
Bellati  (Gazr.  ckim.  itaL  vi.  419;  JdkruhJ.  Chem,  1876,  108). 

On  the  Theory  of  Thermo-electricity,  see  Eohlrauseh  {Pogg,  Ann,  dvi.  601 ;  Jakrub. 
1875,  96);  also  O.  J.  Lodge  (PhU.  Mag.  [5],  IL  624). 

BloetrolyslB.  Of  Hgdroxidea. — Janecsek  {Deui.  Ckem,  Ges»  Ber.yiiu  1018) 
regards  the  electrolysis  of  waterasa  resolution  of  HK)  into  H  and  HO,  the  free 
oxygen  evolved  at  the  anode  being  a  secondary  product  of  the  decomposition  of 
Dydrogen  peroxide,  HK)'bH'04-0.  In  like  manner  it  may  be  supposed  that 
potassium  hydroxide  is  directly  resolved  by  the  current  into  K  and  OH.  When '  the 
current  is  passed  through  dehydrated  potassium  hydroxide  fused  in  an  open  silver 
capsule,  a  brisk  evolution  of  oxygen  takes  place  at  the  anode,  whilst  at  the  cathode 
shining  metallic  potassium  is  deposited  without  evolution  of  hvdrogeiu  If,  however, 
the  decomposition  be  performed  in  a  closed  silver  tube,  in  which  the  gases  can  be 
collected,  and  the  action  be  continued  for  some  time,  the  evolved  gas  is  found  to  be  a 
mixture  of  o:nrgen  and  hydrogen,  and  water  condensee  in  the  oelivenr  tubes.  The 
£)rmation  of  the  water  and  oxygen  is  explained  by  the  equations,  KHOsE  +  HO, 
and  H'0'= HK)  +  0 ;  and  the  hydrogen  is  probably  doe  to  the  action  of  the  metallic 
potassium  on  the  undecompoeed  hydlroxide :  for,  if  the  hitat  be  continued,  its  evolution 
goes  on  for  a  long  time,  even  after  the  interruption  of  the  current;  and  if,  after  it  has 
ceased,  the  melt  be  thrown  into  water,  no  Airther  evolution  of  hydrogen  is  observed, 
whereas  it  is  sure  to  take  place  if  the  melt  be  cooled  immediately  after  the  interrup- 
tion of  the  current,  and  then  thrown  into  water. 

From  these  results,  Janecsek  infers  that  the  current,  in  its  passage  through 
different  liquid  compounds,  sets  free  in  equal  times  an  equal  number  of  quanti- 
valencieH,  and,  thererore,  performs  in  all  cases  the  same  amount  of  work. 

2.  Of  Alkaline  Carbonate s. — From  the  products  obtained  by  the  electrolysis 
ot  solutions  of  neutral  and  acid  sodium  carbonate,  and  the  quantities  of  heat  evolved 
jn  tho  operations.  Fa vre  a.  Roche  (Cbwpt.  rend.  \xx\\\\.  \^1K^  Viv^^t  \  V\\   'tWX.^^ 
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ueutral  carbonuto  Bplibs  up  into  CNaO*  and  Na,  the  sodiuni  being  oziiiia«»i  &i  iha 
expense  of  the  -water,  with  liberation  of  hydrogen.  The  group  CNaO*  msy  ht  cap- 
postid  either  to  decompose  water  with  eTolution  of  oxygen,  and  formation  of  tbt;  loi 
carbonate,  GNaUO',  or  to  be  split  np  in  the  manner  represented  by  the  c^iabn 
2CNaO"i=C*Na^O»+  0,  the  group  G^aK)*  then  reacting  with  water  so  as  to  fozn  lk 
acid  carbonate :  C»Na»0* + H=0  =«  2CNaH0». 

The  acid  carbonate  is  resolved  by  electrolysis  into  If  a.  and  CHC  (dgC  a 
might  be  supposed,  into  H  and  CNaO'),  the  Na  being  then  oxidised,  with  erolados  i 
hydrogen,  wnile  the  other  product  is  resolved,  in  the  manner  shown  by  the  equi  a 
2ClIO'a2CO^+.H'^0  +  0,  giving  rise  to  the  evolution  of  carbon  dioxide  and  osjjd. 

The  calorimetric  investigation  of  the  thermic  changes  accompanying  thcec  decca* 
positions  gave  for  the  neutral  carbonate  6772  gram-degrees,  the  amoimt  reqai»d  b 
calculation  being  6620 ;  and  for  the  acid  carbonate  10445  ;  cnlc.  12589. 

3.  Of  Chlorides. — When  a  copper-platinum  couple  is  immersed  in  a  solutiieof 
cupric  chloride,  insoluble  cuprous  chloride  is  deposited  on  the  platinum  as  well  u  is 
the  copper,  if  the  solution  be  dilute.  Zinc-platmum  and  magnesium-platinum  esop^ 
^ive  nse  to  more  energetic  action,  and  metallic  copper  is  also  deposited  cc  tbi 
platinum.  Results  in  harmony  with  these  are  obtained  with  salts  uf  zLoecf. 
Again  metallic  iron  reduces  ferric  to  ferrous  salts  at  ordinary  temperatorts.  niik 
platinum  by  itself  has  no  effect ;  yet  if  platinum  connected  with  iron  bo  immerwi  ii 
tlie  ferric  solution,  the  reduction  takes  place  more  rapidly,  and  the  reduced  $iilt  focu 
on  the  platinum  also ;  or  if  a  little  ferricyanide  of  potassium  has  been  mixed  with  ibe 
solution,  the  blue  colour,  which  indicates  the  production  of  a  ferzoos  salt,  will  ihtfv 
itself  alx)ut  the  platinum  as  well  as  about  the  iron.  When  plates  of  magnesicm  t&i 
platinum  are  immersed  in  ferric  chloride,  mc^tallic  iron  quickly  makes  its  appe&niR 
on  the  platinum  plate.  With  a  weak  current  from  a  battery  passed  through  pUuECc 
i-loctrodes,  ferric  chloride  is  resolved  into  chlorine  and  ferrous  chloride ;  but  w::k  i 
strong  current  into  chlorine  and  iron ;  and  this,  in  coz^unction  with  the  fact*  jvs 
adduced,  shows  the  analogy  between  the  electrolysis  effected  by  an  external  UhOdr 
and  that  arising  in  the  cell  itself  (Gladstone  a.  Tribe,  PkU,  Mag»  C^^-]?  ^li^  4^)> 

4.  Of  Formic  acid. — The  aqueous  solution  of  this  acid  yields  by  electiol}^i*»  i: 
the  cathode  hydrogen,  and  at  the  anode  carbon  dioxide,  with  or  without  admixtoA  d 
oxygen,  but  never  accompanied  by  hydrogen.  The  vulumcs  of  the  thxte  gMV 
are 

H  :  C02 ;  o  =  2:2:  i. 

The  group  CHO^  eliminated  at  the  anode  (Krobablv  reacts  with  HK)  to  f<>nu  CH^"^ 
and  free  oxygen,  which  oxidises  the  formic  acid  to  CO'  and  HK>.  This  ri>.«  > 
corroburiitod  by  the  fact  that  carbon  dioxide  is  evolved  in  greater  aband.iDce  -j  {^o- 
puition  as  oxidation  is  facilitated  by  diminishing  the  streng^  of  the  current,  ia..^^ 
iug  the  size  of  tlie  electrodes,  and  concentrating  the  acid. 

0.  Of  Aro matic  Bodies. — When  an  electric  current  is  passed  through  an  ar^  .' 
solution  of  a  niline  hydrochloride,  nitrate  or  sulphate,  aniline-bLu'k  ':»  i(- 
ptjbited  on  the  anode,  its  formation  resulting  from  oxidation  of  the  aniline  bv  oxiTt^ 
evolved  at  that  part  of  the  circuit  (Goppelsroder,  p.  89). 

The  sidt-s  of  toluidinu  and  pseudotoluidine  behave  difierently  from  Cm4i  >< 
aniline.  Toluidine-Kilts  give  at  the  anode  a  brown  substance  which  disbulves  a 
alcohol,  and  dyes  silk  and  wool  brownish-yellow.  Pseudotolaidine  yields  h  ro'..-! 
ccilonr,  which  chjtngcs  to  red  on  treatment  with  dilute  nitric  acid  or  potassium  vet- 
niangamite.  A  mixture  of  aniline,  toluidine,  and  psondotoluidino  gives  a  x«d  c^l*:. 
and  as  sccoudiiry  product  a  violet  colour.  From  methyl-anilino  a  violet  ciloo  :• 
tornuKi.  Di  phenyl  a  mine  yields  a  blue  product  which  dissolyes  in  alooliol.  A  i&is- 
lure  of  diphenylamino  with  ditolylamine  and  phenyltolylamioogit-r*  4 
beautiful  blue  colour  soluble  in  alcohol.  Methyldiphcnylamino  also  gives  a  llaeu- 
violet  colour. 

Phenol  in  acid  aqueous  solution,  or  in  the  form  of  phenate,  yields  a  bmwn  «» 
}K)uiid  at  the  anode.  Naphthylamine  salts  in  neutral  or  acid  Mjlutioo  ji^ 
naphtliylamino  violet. 

When  finely  pulverisorl  ant  hraqui none  is  added  to  strong  potash-lev.  aai  -' 
liquid,  luated  notirly  to  the  melting  jwint  of  potassium  hydroxide,  is  subjecUd  ^  ti* 
action  of  tlio  current,  the  pjirt  near  the  catliodo  becomes  first  rod  and  then  violrtff« 
formation  of  potassium  alizanite,  which,  however,  is  mixed  with  biown  seciV^ 
ppo<luets  of  the  electrolysis.  All  these  changes  depend  upon  the  action  of  eltfctntv 
uxypen,  except  the  last,  which  nsults  from  that  of  potassiuni  hvdroxid^  rO««j- 
rtidor,  Compt.  retul.  Ixxxii.  1109).  J***^«iuc  ^wn«- 

G.  Oi  U  svT\d  other  non-conducting  liquids  may  be  rendered  conductire  and ^w^r* 
lilo  of  e\cc\ro\y»\*  \)>f  m\xm*^  Wivivv  V\\.Ni  %v^.>x\av>\)&  v*^  matMllic  suits  in  ulouhol  ur  rfki. 
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e.g.  nnc  chloride  dissolTed  in  alcohol  or  Uquor  ferri  perchlor.  fort,  shaken  up  with 
ether.  Even  carbon  disolphide  may  be  rendered  conductiYe  by  such  admixtures. 
The  products  thus  obtained  by  the  electrolysis  of  oils  have  as  yet,  however,  been  but 
imperfectly  examined  (W.  Symons,  Pharm.  J,  Dratu,  [8],  v.  325). 

Electrolysis  tDith  Evolution  of  Hydrogen  at  both  Poles. — If  a  magnesium  wire  be 
immersed  in  sulphuric  acid,  diluted  to  such  a  degree  that  only  a  feeble  evolution  of 
hydrogen  takes  place,  and  the  wire  be  then  connected  with  a  platinum  wire  likewise 
dipping  into  the  liquid,  the  evolution  of  hydrogen  immediately  becomes  more  rapid, 
and  takes  place  from  the  surface  of  both  wires,  the  magnesium  at  the  same  time 
becoming  covered  with  a  Uiin  black  crust,  which  disappears  as  soon  as  the  connection 
with  the  platinum  is  broken.  If  the  two  wires,  instead  of  being  directly  joined,  be 
connected  with  the  poles  of  a  battery,  the  magnesium  forming  the  anode,  exactly  the 
same  effects  are  produced.  Whether  a  battery  is  employed  or  not,  the  quantity  of 
hydrogen  evolved  at  the  anode  is  only  half  as  great  as  that  given  off  at  the  cathode, 
the  quantity  at  the  latter  being  the  same  as  that  evolved  in  an  interposed  voltameter. 
If  the  electrolyte  consists  of  aqueous  magnesium  sulphate,  in  which  magnesium  does 
not  evolve  ^  without  the  aid  of  the  current,  the  amount  of  hydrogen  evolved  at  the 
cathode  is  bkewise  nearly  double  that  given  off  at  the  anode,  and  magnesium  hydroxide 
is  deposited  at  both  poles,  as  a  powder  at  the  anode^  and  as  a  coherent  translucent 
mass  at  the  cathode. 

In  a  solution  of  potassium  sulphate,  the  same  proportion  of  the  gases  evolved  at 
the  two  poles  was  maintained,  and  the  analysis  of  the  liquids  showed  Uiat  at  the  anode 
a  quantity  of  magnesium  was  dissolved,  equivalent  to  the  hydrogen  liberated  in  the 
voltameter  and  to  the  potassium  transferred  to  the  cathode ;  and  at  the  same  time  a 
quantity  of  ma^esium  equivalent  to  the  oxygen  evolved  at  the  anode  was  oxidised 
there,  but  not  dissolved. 

The  evolution  of  hydrogen  at  the  anode  in  these  reactions  is  due  to  the  positive 
electrisation  of  the  magnesium,  whereby  its  affinity  for  oxygen  is  increased  to  such  a 
degree  that  it  can  take  from  the  water  a  Quantity  of  oxygen  in  addition  to  that  which 
is  evolved  by  electrolysis ;  but  why  this  additional  quantity  should  be  exactly  half  of 
that  which  is  due  to  electrolysis  is  a  question  not  yet  determined  (Elsaesser,  Deut, 
Chcm.  Gee.  Ber.  ix.  1818).  A  similar  effect  was  observed  more  than  twenty  years  ago 
by  Wohler  a.  Buff  {Zamminer^s  Jahresb.f.  Physik,  1857,  225). 

Electrodoposition  of  Metals, — For  obtaining  coherent,  closely  adhering 
deposits  of  aluminium,  magnesium,  bismuth,  antimony,  and  palladium,  capable  of 
taking  a  good  polish,  A.  Bertrand  (Compt.  rend,  Izxxiii.  854)  precipitates  them  from 
the  aqueous  solutions  of  their  double  ammonium  chlorides.  Aluminium  and  magne- 
sium require  a  strong  current.  Bismuth  and  antimot^  may  be  precipitated  from  cold 
solutions,  whereas  the  older  methods  of  precipitating  them  required  the  use  of  hot 
solutions.  Palladium  precipitates  are  easily  and  quickly  obtained,  provided  the  solu- 
tions are  perfectly  neutraL  Cadmium  precipitates  are  best  obtained  from  a  solution 
of  cadmium  bromide  slightly  acidulated  witn  sulphuric  acid,  or  from  an  acid  solution 
of  the  sulphate. 

Precipitation  of  Gold. — Spongy  gold  employed  as  an  anode  in  dilute  sulphuric  acid 
is  quickly  and  strongly  attacked,  the  cathode  at  the  same  time  becoming  coated  with 
a  dark  precipitate  of  gold,  and  a  dark  cloud,  which  deposits  a  soft  black-brown  powder, 
being  diffused  through  the  liquid.  This  precipitate,  which  is  black-blue  when  dry, 
consists  of  gold  mixed  with  a  little  aurous  or  auric  oxide.  Very  fine  Nobili's  rings 
may  be  formed  bv  means  of  a  platinum  point  on  gold-leaves  immersed  in  water 
acidulated  with  nitric  or  sulphuric  acid.  Gold  is  attacked  in  like  manner,  though 
less  strongly,  in  alkaline  liquids.  The  slightest  admixture  of  silver  impairs  the 
beauty  of  the  rings. 

Production  of  Metallic  Films  on  the  Surface  of  Organic  Substances  by  Electro- 
deposition. — The  object  to  be  coated  is  first  immersed  in  a  10  par  cent,  solution  of  silver 
nitrate  in  methyl  alcohol,  to  which  3  per  cent,  of  nitric  acia  is  addded,  and  allowed 
to  remain  for  a  longer  or  shorter  time  according  to  its  nature.  It  is  then  drained, 
partially  dried  by  rapid  motion,  and  while  still  moist,  placed  for  a  few  seconds  in  a 
saturated  solution  of  ammonia,  after  which  it  is  dried  at  a  low  temperature.  Lastly, 
it  is  suspended  above  the  surface  of  mercury  heated  by  means  of  ooiling  water.  A 
few  minutes*  exposure  to  the  mercurial  vapour  suffices  to  reduce  the  double  nitrate  of 
silver  and  ammonia  formed  by  the  previous  treatment,  the  object  becoming  completely 
covered  with  a  metallic  film. 

Leaves,  fiowers,  insects,  and  other  organic  objects  thus  treated,  take  a  regular 
deposit  of  copper.  The  method  is  said  to  be  safer  and  more  rapid  than  those  in  which 
the  hydrogBD-vompouDdB  of  arsenic,  phosphorus,  and  «u\^Vi'^,Qi£  ^^XKiojcia  ^  ^^^i^- 
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[ihoFua  In  <»rlM>c  bisulphide  ure  eniplojoil  as  reducitig  ageaU  (F. 
nMd.lzzxii.  1311). 

ACimotfoH  of  ZiHe  aiid  Lead 
Uted  DQ  platiDum  in  b,  cohannt 

if  the  solndon  be  fint  raodflred  ammoQiBiCal  and  tboo  Bddiilat«4  witti  a 
ncid,  preferably  acetic,  and  eubmitted  to  electrolyaie,  CBr«  being  takea  W  ti^MI 
the   corrsnt  to   the  strength  of  tha  eolation.      The   itoa,  lead,  &e„  t'***'^  nl 
calamine,  blonde,  and  other  zinc  miQeiuts  ehould  bo  ramared  by  SchwaiU^e  p 

prsTiouB  to  electrolysis.    The  presence  of  a  mijiate  qonntity  of  lead  greatly  ioa  . 

the  coherence  of  the  tine  fllm,  if  no  mineral  siiid  except  inlphoric  be  pniietiL    Ijat  J 
may  bo  precipitated  in  a  cobeFeat  state  and  of  a  doll  colnur  liy  operaling  on  fslBli — 
preferably  aLkaline,  containing  pboepboric  and  tartaric  acids.     The  prsaence  of  as 
acid  tends  to  keep  the  positiTe  pole  free  from  lead  peroxide  [Parodi  •.  S^ 
Goat,  chini.  ilsl.  vil.  232). 

On  the  Estimation  of  Metals  by  Electrolysis,  see  also  Wri^tson  (Ztiltdkr.  ■ 
Plum.  1876,  297;  CAwii.  Soe.J.  1877,  i.  8*0).  On  tha  Elettroljtio  "  ■*  "'  " 
Copper  and  Nickel,  see  ind  Saf^.  381  and  p.  &60  of  this  roliune. 

WoTk  of  the  Electric  Curriint.—YiomexpBTimmU  by  H.  Colluy- {BW,  J 
[0],  i.  16D),  it  uppears  that  when  a  compound  t«  electrolvsnt  ia  a  long  rertieal  taU.  ■ 
certain  amoont  of  eutrent-forco  is  expended  on  the  meiianical  mraing  of  the  iMnM 
of  the  two  decomposition-prodocts  from  the  lower  bi  the  upper  end  of  tlie  tabt,  tt 
currBnt  being  consequently  itrengthoncd  or  weakened  according  ks  i*-  .»'—•'- 
is  in  accordnoco  with,  or  opposed  to,  that  oE  the  heavier  of  the  two  « — ''' 
olectrolylo. 

PoIarliBtliin  of  Met<Ua>  Experiments  on  the  poiariBatioD  < 
have  been  made  by  F.  C,  Q.  Muller.  Anielgamatod  sine  plates  in  dilat«  •  , 
tidd  gave  a  very  rariable  polarisation,  dependent  on  the  state  of  the  sorfitca  of  ■! 
nietal,  and  the  degree  in  vhich  it  vae  attacked.  Olean  coppcisplstes  ia  the  ■ 
liquid,  or  in  an  acid  eolation  of  ciipric  sulphate,  exhibited  a  very  regnlar  poUr' 
increasing  with  thodDnnitjof  the  current;  in  a  neutral  solatioii  of  enprie  *i 
the  polansatton  is  slight,  □□  film  of  hydrc^n  being  apparently  depositol 
calliode,  and  no  water  being  decomposed  simultaneously  witli  (be  copper  salt.  1>  tlij 
elnctrolysis  of  cnpric  solphate  with  a  copper  anode,  tf  the  aanUest  quantity  of  & 
sulphuric  acid  is  present,  cupric  oxide  ia  formed  on  the  anode,  while  on  the  cathodl  KJ 
ileposition  of  copper  takes  place  withoat  perceptible  evolution  of  hydrogeo. 
Iheless,  the  alight  polarisation  which  takee  place  in  snch  a  case  la  detemUDed  Ig 
emlntion  of  hydrogen,  arising  from  the  decomposition  of  the  acid :  br  not  emij  a 
the  hydrogen  be  smelt,  but  on  niversiiig  (ho  current,  the  copper  oxide  depiailM  <■ 
the  former  anode,  now  become  a  cathode,  is  reduced,  and  at  (he  same  time  the  pilac 
iaatioD  is  reduced  to  nothing,  and  restored  only  after  complete  pednetion. 

According  to  Du  Moncel  (Campl.  rend.  Ixixii.  1022),  the  diflfereoce  at  the  piU 
sation  of  elBCtrodss,  according  as  the  polarising  acids  are  candemsed  on  the  pUMkI 
electrolytieally  or  mechanically  (comp,  Gaugain,  2nd  Sappl.  444),  ia  obMrrsI  alat  1 
when  a  pebble  is  interposed  between  tho  plates  instead  at  an  elMtrolyt«.  rrcolitt  1 
and  very  irr^ulor  polansation  phenomena  were  exhibited  b;  Franklioiia,  Fe'0'J^(\  1 
evident];  in  conBoqiloncs  of  its  heterogeneous  constitution. 

Fohruafian  in  Liquids  free  ,lTvm  Qas.—Vlheii  a  single  Daniell'*  element  \»  n 
UDcted  with  a  decompoaing  cell  with  platinum  electrodes,  a  polarising  camnt  M 
doToloped,  which  soon  becomes  vciy  weak,  but  does  not  cense  entirely  for  a  rer  ' 
time.  If  the  Daniell  couple  be  now  remored,  and  the  platinum  plates  of  llie  A 
posing  cell  connected  with  the  galvanomeler,  a  depolarisation  cumsot  ii 
the  opposite  direction,  strong  at  first,  bnt  soon  diminishing,  till  it  bee 
imperceptible.  The  apparently  unlimited  dnration  of  the  pelarisatioa  enmnt  M 
at  flrsl  sight  to  bo  inconsistent  with  the  law  of  [he  Conservation  of  Enmfcy. 
boltc,  however,  has  shown  (Pogg.  Ann.  el.  183)  that  this  current  is  dna  to  the 

ofgiiHos — o^gon  or  hydrogen — occluded  in  the  platinum  plates.    When  anal 

—      -  *-   assed  through  a  waler-deeomposiBg  cell  containing  hydrogen,  rithadlfl 

le  liquid,  or  oectnded  in  the  platinum  plates,  the  oxygon  carried  bftfaaa 

~ne  t«  the  electrodes  will  there  be  raconverted  into  water  b j  eta  "    "  -  ■ 

r  occluded  hydrogen.    But  an  equivalent  qoontit;  of  Yt 


solved  in  tl 


rith  the  dissolved  oi 


will  then  reappear  at  the  other  electrode,  and  may  be  pnrtlj  disaulnetl  in  Ilia  liqw 
partly  taken  np  by  the  platinum.  A  kind  of  electrolj'aia  is  therelure  kept  vp,  (h 
prodncts  of  which  do  nut  actually  come  to  light.  As  thts  {irocess  does  not  rejoin  tk 
amonot  of  cbemiciil  work  which  must  ha  expended  whamraler  in  nltinutdy  n  '" 
iiitu  its  elements,  it  can  be  ke^l  u^  bj  only  u  vreak  electromotive  foirM.  •■  li 
there  remains  any  liitwiVvoA  ot  Qis\uivA  Sfia  iiViiJn  c'm.w*.  wuRi^  >3b  ii 
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mored.  Helmholts  designates  this  kind  of  action  by  the  term  '  electrolytic  convec- 
tion.' It  likewise  takes  place  when  the  electrodes  and  the  liquid  are  coazged  with 
oxygen.  In  a  liqnid  free  from  gas,  and  between  electrodes  free  from  gas,  the 
polarisation  current  disappears  as  quickly  as  the  depclarisation  current.  In  this 
ease  the  decomposing  cell  acts  exactly  like  an  electric  condenser  of  veiy  great 
eapacity. 

Acoarding  to  Fleming  (P^^  Moff.  [51,  i.  142),  the  electrolytic  polarisation  of 
platinum  plates  in  dilute  sulphuric  acid  takes  place  in  the  same  degree,  whether  the 
uquid  is  aerated  or  de-aerated.  He  finds,  however,  in  accordance  with  Helmholte, 
that  the  polarisation  current  lasts  much  longer  in  liquids  charged  with  gas,  than  in 
those  which  are  free  from  gas. 

£.  Boot  {ibid,  [5],  ii.  153)  finds  that  when  one  side  of  a  platinum  plate  0'02  mm. 
thick,  IB  polarised  by  electrolytic  separation  of  hydrogen  or  oxygen,  the  other  side 
exhibits,  after  a  while,  the  same  state  of  polarisation,  whence  he  infers  that  thin 
platinum  plates  are  penetrated  by  the  electrolytic  gas.  [Is  not  the  gas  evolved  simul- 
taneously on  both  surfaces  of  the  plate?] 

Polarieaiion  by  Chlorine  and  Hydrogen, — The  electromotive  force  of  platinum 
which  has  been  immersed  in  hydrochloric  add  containing  a  small  quantity  of  free 
chlorine,  towards  pure  platinum,  is  not  constant  but  increases  gradually  to  a  maximum. 
"With  increasing  addition  of  chlorine  it  approaches  indefinitely  to  the  value  of  about 
0*62  Daniell,  but  never  actually  attains  that  limit.  The  increase  is  much  quicker 
from  the  beginning  if  the  platinum  has  been  immersed  in  the  add  before  the  addition 
of  the  chlorine  solution,  than  when  it  is  immersed  in  the  already  chlorinated  acid. 
Hence  it  appears  that  the  force  in  question  is  due  altogether  to  the  chlorine  con- 
densed on  the  surface  of  the  platinum,  not  to  that  which  is  contained  in  the  solution  ; 
moreover,  it  appears  that  the  chlorme  is  attracted  by  platintimand  glass  more  strongly 
than  by  the  solution,  and  that  the  attraction  of  platinum  for  chlorine  is  about  25 
times  as  great  as  that  of  water. 

If  the  chlorine  has  been  liberated  by  galvanic  action,  it  produces  polarisation  about 
1*7  times  stronger  than  that  produced  by  chlorine  prepared  by  the  ordinary  chemical 
methods:  hence  the  active  and  inactive  chlorine  are  related  to  one  another  in  the 
same  manner  as  ozone  and  ordinary  oxygen.  The  polarisation  of  platinum  charged 
with  ordinary  chlorine  diminishes  between  17^  and  100^  by  0*062  Daniell;  that  of 
platinum  charged  with  active  chlorine  by  0*449  Daniell.  Active  chlorine  retains  its 
strong  electromotive  power  only  in  contact  with  the  plate  on  which  it  has  been 
produced,  and  cannot  be  transferred  to  another  plate  by  diffusion. 

Platinum  plates  charged  with  kifdrogen  in  hydrochloric  acid  eolation  have  an 
electromotive  force,  due  to  polarisation,  of  0*68  Daniell,  if  the  hydrogen  has  been 
introduced  into  the  solution  from  without,  and  of  0*94  Daniell  if  it  has  been  elimi- 
nated on  the  surface  of  the  plate  by  electrolysis.  Change  of  concentration  acts 
exactly  as  in  the  case  of  chlorine.  With  weak  currents  rise  of  temperature  diminishes 
the  activity.  The  active  hydrogen  passes  alter  a  short  time  into  the  or<Unary  inactive 
modification. 

Carbon  electrodes  give  similar  results,  excepting  that  the  polarisation  attains  its 
maximum  immediately  after  the  dosing  of  the  circuit. 

Polarieaiion  of  Zinc, — According  to  Overbeck  (iW^.  Ann,  div.  445),  amalga- 
mated sine  plates  immersed  in  a  perfectly  neutral  zinc  solution  cannot  be  regarded  as 
unpolarisable,  unless  the  current  is  weak ;  in  strong  currents,  on  the  other  hand,  tiiey 
polarise  as  strongly  as  electrodes  of  pure  zinc,  and,  like  the  latter,  by  evolution  of 
oxygen  and  hydrogen  on  their  surfaces.  Their  non-polarisation  by  weak  currents 
may  be  due  to  the  fact  that  such  currents  decompose  only  the  salt,  and  not  the  water, 
and  that  the  addition  of  a  little  separated  zinc  to  the  amalgam  does  not  sensibly 
affect  the  place  of  the  latter  in  the  voltaic  series. 

Polarieation  of  Aluminium, — According  to  Beetz  {Pogg,  Ann,  dvi.  456),  the 
polarisation  of  aluminium  plates  in  dilute  sulphuric  acid  produced  by  a  current  of  six 
Grove's  elements,  is  equal  to  5*80,  and  with  one  element,  1*29,  the  plate  coated  with 
oxygen  contributing  to  the  effect  more  than  ten  times  as  mach  as  the  hydrogen- 
covered  plate. 

It  was  observed  some  years  ago  by  Buff  {lAebi^e  Annalen;  clii.  265),  that  the 
great  electromotive  force  of  aluminium  is  due,  not  only  to  deposition  of  oxygen  on  its 
surfiEU»,  but  to  the  formation  of  a  strongly  electro-uegative  layer,  which  he  supposed 
to  consist  of  silicon.    Beetz  mgards  it  rather  as  a  suboxide. 

Ducretet  observes  {Chmpt,  rend,  Ixxx.  280)  that  a  voltameter  formed  of  a  platinum 
and  an  aluminium  plate  in  acidulated  water,  allows  the  current  to  pass,  only  when  the 
aluminium  forms  the  negative  electrode,  the  hydrogen  being  then  evolved  on  the 
nlumininm  plnte,  and  the  current  having  its  ordinary  stren^h.    On  TQ^^nvw^^thft 
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cnnnectionii,    tho  decompoeition   of  -water  Ce8$es   ailogelJiCT. 

Hlamiuiaiu  dose  Dob  appear  to  be  altered,  belog  proUckii  by  &  Uuu  film  id  •] 

on  ramoral  of  irhicb  tbe  polieh  of  tha  plnU  reappeam. 

EUclTomaliiie  fiynx  qf  V(Ty  thin  Gas-fil>mon  Metal  ^ata. — Whan  s  w 
introduced  into  tha  condncting  circuit  of  tbtj  mpidlj  hdiI   rtgnlarljr  • 
luirenlB,  owh  indiridaal  cnrrenl  eliiiiinates  on  una  of  the  electiiole*  ■"" 
tJlin  Clm  of  hydrogen,  and  od  tJie  other  a.  Himilai'  film  of  oijgan,  tlie«   „ 
coDvertod  inta  wntflr  bj  tho  next  furrent  viiich  ptuaes  in  the  opposita  4 
oinseijuentlT  dinppeaciDg,   NoTertlislcsB  tho  palorUation  of  these  Tcny  '"^  *" 
BJdeiuble,  the  aoporation  efen  of  OOOOOOOaiS  mgin.  bydrogeii,  or  O'OO 
on  a.  »qtiam  meter  of  electrode  finrface,  bfing  soffident  to  doTcIup  »li 

force  equal  to  that  of  a  Daniell  conple.    Tho  gaees  in  these  TBtjr  thin .  _ 

re^rded  us  cuuductora,  and  the  eUctramotiTB  farca  betinwn  mter  and  plstiva 
acting  throng)]  tlie  thin  film  of  gas.    As  a  first  nppronimatioD  the  polKris«tior 
be  regarded  as  proportional  to  tho  qiiuntit;  of  p«  (Kohlranicli,  Pogg.  ^aa. 
87). 

Iiapultion  o/ Mereurg  bg  the  Carreni. — A  globole  of  meicaiy  pWxd 
■water  or  other  liquid  becomes  elongatod  when  an  electric  OTtpcnt  is  pasBsd  U 
the  layer  of  liquid  in  which  it  is  immcrBed.    Thii  impnUion  of  tbo  nerciii;  a  ah 
directed  TrODi  the  polo  at  which  the  eTOlution  of  gas  is  Btrongeat,  and  U   cctiralj 
to  the  mechanical  action  of  the  evolved  gag,  whether  the  drop  lies  frctly  bctwcci 
twouleetrodeSiOriainoontact  with  ope  of  them.  The  more  complex  phor  ' 

am  obfiervsd  when  the  mormrjr  U  imaersed  in  saline  solationa  may  lie 
tbe  very  itrong  local  polarisations  developed  on  the  mrfnoe  of  the  mn 
this  metal  tonus  the  negative  electrode,  the  sccondiuy  currents  are  mostly  ana  % 
rosulting  amalgam.  'When,  on  the  athBr  hand,  it  foraut  the  poeitive  rJeetnidi^  1 
currents  arise  &om  ozidabion  of  tho  mercury,  and  reduction  i^  the  salts  thaoW 
dueled  by  tbe  hydrogen  condensed  at  the  ucgntiro  electrode  (Th.  da  Moneel,  u 
rend.  luti.  880,  SaS.  I13S). 

BlBBtrocMptllarttr  {Ind  Sappl.  440).  Chemical  action  betwem 
liqtude  iioMnil«d  bj^  o.  eapiUiuy  piirtitjott,  in  duterminod  munlir  hy  tho  inggmti 
the  capillary  oleclromotive  force.  If  this  is  strong,  metals  n»  rcdticod  traai 
Kolutions;  if  It  is  weak,  oxides  anil  othot  componnds  are  formed,  aa  id  llie  i 
already  described.  When  a  cracked  tuba  eontainiDg  a  metallic  solutiop  is  imnn 
in  a  solutioD  of  potassium  stdphide,  metallic  copper  in  sood  dspositad  on  the  ino^ 
the  tube  near  the  crack.  But  with  a  solution  of  potassium  bydjozide,  wliich  igtam 
a  much  smalloi  electromotiTe  force,  only  gold  and  tilrer  solutions  are  redoee^ 
theee  bnt  slowly.  Tbe  Bama  eSects  are  pruducod  with  dtaphngmB  of  puor^ 
ludion,  which  are  particularly  well  adapted  for  the  prodoctiou  of  oxides.  TboMI 
pounds  ore  obtained  from  metallic  or  saline  solutions  placed  in  capiUarT  contact 
altaline  silicates  or  alnminatos.  In  a  few  instances,  hciwovoi'.  silica  and  alnima 
carried  forward  by  the  current,  and  then  form  siUcalos  and  aluTDiaatoa.  Md 
nitiutes  that  subjected  to  the  action  of  poUissium  ainminate  yield  cr^Btslliaed  oe 
of  copper,  load,  ziDC,  cobalt,  and  nickel.  By  the  action  of  potaasiom  ailiesM 
cnldum  acetate,  catciuDt  silicate  is  obtained  in  small  clumps  of  microscopii 
refracting  ciystats.  From  aluminium  chjoride  immersed  in  potaasiam  aliu 
crust  of  doable-refioctiDg  granules  of  alumina  is  deposited.  Magtie^om  BlnmiM 
fbrmad  in  like  manner  bom  mugncsiiim  clilortdo  oiid  potasBiuiu  s1iiiiuiuit&  *^ 
nitrate  immersed  in  silicate  or  aliiminuto  of  potasajum  yields  ferric  hydrttte  ii 
parent,  red,  double- refracting  laminie.  Manganic  nitrate  treated  in  like  tDsmHrji 
crystalline  double-ro&acting  lamelln  of  manganous  hydroxide,  eoon  coDTortrd  I 
porozido.  Aluminium  silicate  may  be  prepared  by  tbe  action  of  aluminiam  chin* 
~  '  '  D  silicate.  From  potasaitun  dichromate  and  poIasBtmn  plninbite^  W 
"'■'■■'""^  ■"  small  oraage-yellow  double-refroeliog  needle*  haiii^  lb 

Siaiiiuu  ui  uimauucuroile  (Beoquorel,  Coaipt,  rend.  Unx.  82). 
Blallic  copper,  cobalt,  pUtinnm,  &c.,  are  obtained  by  rednetion   __„ 

capillary  apparatus  whoQ  the  crack  in  the  glass  tube  is  wide  enough  to  oUqb: 
burroun ding  solution  of  potaneinm  snlphide  to  diffuse  into  the  metAllic  »olu  ' 
tubo,  and  theroby  produce  a  precipitate  of  metallic  sulphiilo.  which  is  then 
metal  in  the  capillary  fissure.    Similar  reactions  may  take  place   * 

When  a  saturated  solution  of  ammoHiuia  fiiurri^  is  separated  by  p 

or  a  collodion  film  from  a  tatiirat«d  solution  of  calcium  ddoridc,  thft  «, 
comes  coTeied  an  the  aide  of  tbe  latter  solution  with  miniite  crystAla  « 
fluoride,  baling  toun&eA  o&^w  luuisi^^iAJni^Uav  -^rowtMs  of  kyalophane. 
liqtuda  BepaiBt*d,\>j  \.\ib  oaWoSiiin  ^m  mo  os.'^ne  atasXa  taii.  ^tUAsaima 


chromnte  is  obtained  ii 
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eapric  iiluniinate  is  deposited  on  the  side  of  the  latter,  in  blue  ciystaU  apparently 
dariTod  from  a  square  pism,  mixed  with  crystals  of  cuprio  hydrate.  If  the  alumina 
be  replaced  by  silica,  the  compoond  CuO.SiO'+2HH)  is  formed,  which  occurs  amor- 
phous as  a  natural  mineral,  called  mountain  green  or  copper  green.  The  artificial 
crystals  appear  to  consist  of  oblique  prisms  and  exhibit  double  refraction.  The 
silicates  of  zinc,  iron,  lead,  &c.,  may  be  obtained  by  similar  methods ;  also  artificial 
spinel  (magnesium  aluminate)  (Becquerel,  Compt,  rend,  Ixxviii.  1081). 

When  a  test-tube  having  a  crack  in  the  direction  of  its  length  (2nd  SuppL  449)  is 
filled  with  a  strong  solution  of  cupric  nitrate,  and  placed  within  another  tube  con- 
taining a  strong  solution  of  lead  oxide  in  potash,  no  reduction  of  copper  takes  place ; 
but  on  passing  the  current  of  a  single  Bunsen*s  or  Daniell's  cell  throng  the  apparatus, 
the  positive  copper  electrode  being  immersed  in  the  copper  solution,  and  the  negative 
platinum  electrode  in  the  lead  solution,  metallic  copper  is  deposited  after  a  while  on 
ifaa  side  of  the  crack  in  contact  with  the  copper  solution,  and  lead  peroxide  on  the 
other  side.  The  nitric  acid  has  therefore  combined  with  the  potash,  and  the  liberated 
oxygen  has  raised  the  lead  to  a  higher  state  of  oxidation.  The  reaction  is  the  same 
■s  if  the  two  liquids  had  been  connected  by  a  platinum  wire,  the  crack,  in  fact,  actins 
like  a  metallic  conductor.  Even  before  the  deposition  of  the  metallic  copper  and  lead 
peroxide,  hydrogen  and  oxygen,  proceeding  from  the  decomposition  of  water,  are 
erolved  on  the  two  sides  of  the  crack,  the  evolution  of  gas  becoming  more  rapid  as 
the  deposit  of  copper  increases  and  forms  an  intermediate  conductor.  All  surfaces 
covered  with  conducting  liquids,  and  having  a  capillary  layer  in  close  adherence  to 
them,  act  in  the  same  manner  as  the  crack.  A  similar  but  somewhat  slower  action 
takes  place  in  the  other  modifications  of  the  electro-capillary  apparatus  already 
described  {2nd  Sup^l,  440). 

The  electro- capillary  apparatus  acts  with  much  greater  energy  when  the  two 
liquids  separated  by  the  crack  are  connected  together  by  a  syphon-shaped  non- 
capillary  tube,  through  which  a  wick  of  asbestos  is  passed.  The  hquids  which  rise 
by  capillary  action  into  the  two  halves  of  this  wick  then  come  into  contact  in  larger 

anantity,  and  act  chemically  on  one  another,  the  metallic  solution  developing  positive, 
he  alkaline  solution  negative  electricity,  and  the  circuit  being  completed  through  the 
crack  in  the  glass  (Becquerel,  Compt.  rend,  Ixxiv.  1310). 

Becquerel  estimates  the  electromotive  force  of  an  electro-capillary  couple  as  usually 
equal  to  three-fourths  of  that  of  a  Daniell  cell ;  in  one  case  it  was  found  to  be  five- 
sixths  (ibid,  Ixxvi.  245). 

When  a  metal  plate  coated  with  a  moist  precipitate,  metallic  or  non-metallic,  is 
fixed  between  two  glass  plates,  to  prevent  evaporation  of  moisture,  the  metal  isoxidisrd 
at  the  expense  of  water  which  is  decomposed,  and  yields  negative,  while  the  liquid 
Yields  positive  electricity, — each  granule  of  the  precipitate  surrounded  by  liquid  acting, 
indeed,  like  a  solid  conducting  body,  and  setting  up  an  electro-chemical  action.  A 
zinc  plate  and  lead  chromate  moistened  with  water  yield,  after  some  time,  basic  lead 
ehromatc  more  or  less  crystalline,  and  zinc  chromate.  Iron  instead  of  zinc,  yields,  in 
place  of  the  latter  salt,  ferric  and  forroso-ferric  oxide  mixed  with  ferrous  chromate 
and  lesul  chromate.  When  a  saturated  solution  of  copper  nitrate  is  separated  by 
parchment  paper  from  a  solution  of  potassium  oxalate,  a  crystalline  deposit  of  potassio- 
cupric  oxalate  is  formed  on  the  side  of  the  paper  in  contact  with  the  latter,  while 
potassium  nitrate  passes  into  the  copper  solution. 

Gypsum,  kept  for  a  number  of  years  under  a  solution  of  potassium  airbomite, 
becomes  covered  with  a  crust  of  crystallised  arragonite,  formed  by  the  action  of 
electro-capillary  currents,  which  are  always  produced  when  a  solid  body  is  placed  in 
contact  with  a  liquid  capable  of  acting  chemically  upon  it  (Becquerel,  loc.  cit.) 

When  a  solution  of  potassium  dichromate  is  placed  on  one  side  of  the  crack  of 
the  electro-capillary  apparatus,  and  a  solution  of  lead  nitrate  on  the  other,  slight 
indications  of  a  current  are  observed  after  a  few  days,  and  a  veiy  small  deposit  of 
lead  chromate  is  formed  on  the  side  of  the  lead  solution.  Lead  nitrate  and  potassium 
sulphate  give  a  very  feeble  current,  but  no  precipitate.  Other  solutions  give  stronger 
currents,  but  still  no  precipitates.  When  sulphuric  acid  ten  times  diluted  is  thus 
separated  from  sodium  carbonate,  only  a  few  gas- bubbles  are  observed  after  a  con- 
siderable time,  although  the  current  of  a  voltaic  couple  easily  passes  through  the 
crack.  In  all  these  cases  the  chemical  and  capillary  affinities  in  the  crack  appear  to 
balance  each  other  (Becquerel,  loc.  cit.) 

When  the  electro-capillary  current  is  strengthened  by  a  current  of  eight  Daniell's 
cells  directed  the  same  way,  the  following  effects  are  observed :  With  a  solution  of 
alkaline  sulphide  on  the  outside  of  the  ^ectro-capillary  tube,  solution  of  chromous 
chloride  gives  a  crystalline  precipitate  of  hydrated  chromoeo-chromic  oxide.  Ferric 
chloride  gives  in  like  manner  a  hydrated  sesquisulphide  of  iron.  Bismuth  chloride 
gives  a  precipitate  of  bismuth  sulphide.    Lead  acetate  yields  shining  metallic  lead. 
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Cuprie  nitiatfl  gires  shining  metntlic  ropp^r  on  the  D(^Uti>,  mad  cty^l 
salphide  on  tha  posicive  aide.  t^reF  nitnihi  vielda  a  pineipitBl*  of  rfH 
With  due  chlondo  and  butoiib  chloride  no  raaction  uika  place  (BMsqnenl,  I 
luix.  128). 

When  n  pUltntini  plate  peribmted  with  nnmeroiu  smAll  bolos  if  Iwd  on  e*cfa  tii 
of  the  porous  diaphragm  of  ni\  olectro-inpillsrjr  apparatiu,  sod  the  tvD  |fatH  in 
oonnratfid  with  the  wireii  of  a  Tory  doticate  galranomctar,  tbifl  iDstiumsst  gin*  k 
indicatioTi  of  a  current,  irheace  Becqnercl  infers  thiit  the  cmreat  which  wmtd  otis- 
wiw  ho  mHoifested  is  nsutnilised  by  the  eloctro-capill&rj  curreoL  Whan,  boaoi*. 
Ihe  negative  plate  is  coDnectal  with  the  nt^atire  pole,  and  the  positivo  pUU  villi  lb 
pusilire  pole  uf  n  Daniell's  cell,  the  tiro  elei'lTO-chcmical  actions  act  in  llt«  ma 
diraction,  and  a  current  is  produi!ed. 

V^ien  an  electro- capillaiy  appamttu  u  Slled  on  both  sidert  with  a  lolatiw  rf 
cuprio  nitrate,  a  copper  ylata  connected  with  the  positive  pole  of  ■  voltaie  i^*^ 
hfling  immersed  in  UiB  liqaid  on  one  aide,  and  a  platinum  plat«  coDDMUd  wilk  Ut 
negatire  ptile  on  the  olliei  aide,  no  precipitate  of  copper  is  formed  on  the  poaitm  iUi 
of  the  diaphragm  so  long  as  thoreare  no  traces  of  copper  present  on  that  hide,1iiaim 
in  that  case  no  electni-capillary  carreat  is  excited ;  but  if  a  littla  copper  ha*  b^ 
previouily  deposited  oo  the  diitphragm  the  deposit  incrBaass  Ta^Hdly.  Similar  An 
Rm;  be  abtBiQcd  with  two  liqnids  aa  already  described  (p.  716). 

If  (he  sodiom  salphide  be  replaced  bj  caustic  potash,  and  a  plale  of  \mi  W 
immersed  in  the  liquid  as  ntvatire  electrode,  while  lead  nitrate  la  pieisnt  m  tk 

Citire  side,  there  ore  formed  on  the  negative  aide  of  the  }«rtition  a  lead-tiw  mi 
1  oxide,  which  hotter  occurs  oIinMif  the  reaction  is  notaaiistod  bja  TaltAU  taBH;. 
Cnprio  nitrate,  wilh  or  without  iJie  battery-current,  yiehls  Dot  hug  bat  blur.  071- 
tallised,  double-nfiacting  cupric  oiide ;  and  if  the  caustic  potaab  be  re^daotd  h;  lb 
neutral  or  acid  carbonate,  hydrated  cupric  cai^nato  is  forined  poaseesing  Ux  m^ 
properties  (Becqtlerol,  Cantpl.  mud,  bodl.  Mi). 

when  a  strong  solution  of  potassium  hydroxide  is  separated  from  nitric  acxllf  1 
spiral  roU  of  parchment  paper  through  which  a  platinmn  wire  is  inserted,  all  ul/p* 
coaple  is  formed,  inasmuch  as  oxygen  is  emired  on  the  wire  which  la  in  mntirlwtt 
Ihe  potash,  and  nitrogen  telroxide  on  the  other.  If  the  nitric  acid  be  reolMMd  I7  ■■ 
of  tha  chlorides  of  iron,  or  hy  poiARsiiim  chlorido  or  cnproiu  chlome.  eailm— 
evolution  of  gus  takes  place  in  n  few  hours  on  the  portion  of  the  wire  lliiiniiiwl  jalh 
potaah.  WiiJi  cbcomous  chloride,  sulphuric  add,  and  nitric  acid,  B  »coxttiy  fetafBii 
evolution  of  gan  takes  place  (Jac.  dt.) 

With  platinum-spongemoreorlpfiSBtroiiglypreesediU  a  partition,  eftldnaflanb 
is  produced  from  eolulions  of  calcium  chloride  Bad  anUnoainm  flnorida.  WhanM&B 
sulphide  and  nitric  add  are  the  reacting  liquids,  the  oxygeD  nnitea  partly  wilh  tt> 
sulphur,  partly  with  iJbe  sodium  of  the  former,  and  nitrogen  trtrozide  is  set  fi«e|iK 

Electro-capillary  rSsOa  are  very  much  weakened  by  dilution  of  the  liqmda,   1 
solution  of  cupric  nitmte  Rfly  timos  diluted  no  longnr  yields  metallic  copper  *l 
satiusted  aalntion  of  an  alkaline  snlphide,  bnt  only  cupric  chloride  I?  aalfb 
(be  cil.) 

When  a  diluto  acid  solution  and  a  dilute  basic  solution  are  sep&tatcd  bj  a  fl 
pbisgm  uF  BartheuHare,  purdunent-paper.  animal  membrane,  or  cracked  Sl^^ 
electmmotiro  force  is  set  up  which  ^adually  increases — in  the  case  of  niurie  add 
potash,  for  example,  attaining  1}  times  its  initial  force  within  two  days,  vhUa  o 
combinations  exhibit  a  slower  Increase.  As  concentrated  solntionsdo  not  exhiUtB 
giBduiJ  iucresse  of  power,  it  is  probably  duB  to  a  capillsty  atcraction  betwaoifl 
porous  partition  and  the  suhstances  dissolved  in  the  water,  which  givca  rise  IT 
thicker  deposition  of  these  Eubstances  within  the  pores  of  the  partition,  and  eea 
quently  to  increased  electromotive  excitation.  Dilate  sHlt--solulioDB  exhibit  the  n 
eflects,  but  less  powcrfiUy  (BDCquerel,  Compl.  Tfnd.  lixii.  I1D7). 

From  a  comparison  of  tlie  electrical  and  chemical  cflects  which  take  pUee  in  tta 
contact  of  arterial  and  venojis  bleed  with  those  obaerved  in  the  el«;tro-<*{aIlii] 
apparatus.  Becquerol  thinks  it  nrny  be  inferred  that  the  exciting  causa  in  Uw  In 
cases  ia  the  same,  and  that  tha  capillaiy  system  in  the  animal  organism  is  nuA  19 
of  constant  elect ro-capillaiy  elements.  The  constancy  of  the  current  requind  fe  "Urn 
regular  prodnction  of  hamatin  is  insured  by  the  circumGt«nc«  that  this  oompoDl 
continnafly  tales  from  the  artsria!  blood-oorposcleB  the  oxygen  which  th>>y  anr 
with  thcui,  and  transfers  it  to  Ibe  inner  walla  of  the  capiUaJry  vvina,  whid  «n 
positive,  tile  oxygen  thus  transferred  serving  to  oxidise  the  carbonifenma  asd  olW 
bodies  which  ^nvLtUn  th«  w&Ua  gf  the  vessels  {Compl,  rmd,  butxv.  ISID).  Ik 
oiporimnilB  abovenwYitvoDeA  V5.  lib"!  «i  "ii^wi^Q 'n&aiaMm  A  <33ty^iL'«s  '  — »•—  I 
fiosure  ia  effected  ^jj  v^i*  nii  rf  s-  ^n^^w.e  ■LMTt^W-.-M!^  ~  "— 


ELBCTROCAPILLARITY.  717 

would  not  otherwiBe  hare  taken  place,  may  thxow  some  light  on  the  action  of  a  con- 
stant current  on  a  muscle  (loe,  cit.) 

Function  of  Water  in  Chemical  Aetions.—BecqjieTel  {Compt,  rend,  Izzvii. 
84,  1130)  has  investigated  the  function  of  water  in  the  mixing  of  salme  solutions  by 
determining  the  electromotive  forces  between  water  and  saline  solutions  in  the 
electro-capillarjr  apparatus.  The  electromotive  force  between  the  solutions  of  two 
neutral  salts  is  always  equal  to  the  difference  between  the  electromotive  forces  of  the 
individual  salts  towards  water.  The  two  latter  forces  afford  evidence  of  the  chemical 
action  of  water  on  the  salts  ;  and  the  equality  of  their  difference  to  the  force  resulting 
from  the  direct  action  of  die  two  salts  on  each  other  shows  that  the  water  in  the 
solution  of  one  salt  exerts  upon  another  salt,  an  action  equal  in  amount  to  that  which 
the  water  in  the  solution  of  the  second  salt  exerts  upon  the  first.  Between  a  base 
and  an  acid,  on  the  other  hand,  this  law  does  not  hold  good,  the  action  between  the 
base  and  add  being  considerably  less  than  that  of  water  on  the  two.  Hence  it  may 
be  iuferred  that  when  the  solutions  of  two  neutral  salts  are  mixed,  the  formation  of 
hydrates  precedes  the  occurrence  of  double  decomposition.  The  same  is  the  case  in 
the  mixture  of  a  basic  solution  with  an  acid,  in  which,  however,  direct  double  decom- 
position likewise  takes  place. 

Becquerd  has  further  determined  the  increase  of  electromotive  force  of  aqueous 
solutions  of  sulphuric  anhydride  and  potassium  oxide  towards  distilled  water.  Conse- 
quent on  the  entrance  of  1  mol.  more  of  water  into  the  solution.  The  proportion 
between  the  electromotive  force  of  any  one  hydrate  and  that  of  another  containing 
1  mol.  water  in  addition  diminishes  as  the  total  amount  of  water  increases,  but 
approaches  indefinitelv  to  a  fixed  limit.  In  the  reaction  between  an  acid  and  an 
alfailine  solution  contaming  equal  numbers  of  water-molecules,  the  electromotive  force 
stands  to  that  of  solutions  of  the  same  substances  containing  one  additional  molecule 
of  water,  nearly  in  the  same  ratio,  which,  however,  diminishes  slightly  as  the  amount 
of  water  increases. 

When  double  decomposition  takes  place  between  two  salts,  as  sodium  sulphide 
and  cupric  nitrate,  no  current  is  obtained  if  water-electrodes  (i^fra)  are  employed, 
because  the  electric  effects  of  the  two  decompositions  and  combinations  are  of  Mual 
value  and  opposite  sign.  If,  therefore,  we  know  the  electromotive  force  of  Na^  to 
HK),  and  that  of  Na^  towards  the  solution  of  any  metallic  salt,  that  of  the  salt  to 
water  may  be  calculated  there&om.  Expressed  in  hundredths  of  the  electromotive 
force  of  a  sine-cadmium  couple,  that  of  Na%  to  AuCl  »  462 ;  to  NlCl*  «  409 ; 
to  Fe«01«  «  384;  to  ZnCl*  -  319 ;  toPtQ*  -  819 ;  to  Pb(NO«)«  =  317  ;  to  H«0  « 
268.  In  an  electro-capillary  apparatus  the  electromotive  force  o{  water  to  a  solution 
of  sodium  sulphide  increases  witn  increasing  concentration  in  such  a  manner  that,  as 
the  quantity  of  anhprdrous  salt  in  100  c.c.  increases  from  0*60  to  6*77  grams,  the 
electromotive  force  nses  from  200  to  222.  On  adding  to  60  co.  of  distilled  water  a  single 
drop  of  a  solution  containing  0*13  grm.  anhydrous  salt  in  1  c.c.  a  solution  is  obtained 
which  exhibits  towards  pure  water  an  electromotive  foree  »  145  (Beoquerel,  Compt, 
rend,  Ixxxi.  803). 

In  the  same  way  it  may  be  shown  that  double  decomposition  takes  place  between 
the  white  and  yolk  of  ege,  and  between  arterial  blood  and  each  of  these  substances. 

Beoquerel  has  also  aetermined  the  electromotive  forces  between  the  following 
substances : 

Sorrel-juice   and  Lemon-juice  a  62*6 

Ete-yoi        -  38-6 
„  Grape-juice    »  47*5 

Lemon-juice  and  Egg-yolk        »   lo 
„  Eigg-white      B  61 

Grape-juice  and£^g-white      »   19*6 

In  the  several  combinations,  these  organic  bodies  follow  the  same  laws  as  saline 
solutions  (Becquerel,  ibid,  Ixxxi.  849). 

The  electromotive  force  between  salt-solutions,  or  between  solutions  of  acid  and 
alkali,  may  be  measured  independently  of  the  formation  of  hvdrates  (evpra)  by  means 
of  water-dectrodes — that  is  to  say,  cracked  glass  tubes  filled  with  distilled  water  and 
each  containing  a  depolarised  strip  of  gold  or  platinum.  When  tubes  thus  prepared 
are  immersed  in  two  solutions  separat^l  by  a  partition  havinjg  a  capillary  fissure,  the 
hydrate-formations  taking  place  m  both  directions  within  this  cradc  neutralise  those 
which  take  place  in  the  cracks  in  the  two  electrodes,  and  the  desired  action  between 
the  two  solutions  may  therefore  be  observed  without  interference.  Determinations 
of  the  electromotive  force  of  K*0.6HK)  towards  H*SO«  with  1,  2,  6,  12,  24,  48,  and 
96  mol.  water,  show  that  this  force  increases  up  to  6H*0,  and  then  continually 
diminishes,  but  always  at  a  decreasing  rate  (Beoquerel,  tduC  Ixxviii.  80). 
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Tho  meui  rolnea  of  tlie  cIiKlromotiTe  forcee  thiu  dstermUiBd  fat  Lha  n 
of  K'O  idtb  SO*  and  N'0>  ora  for  tho  former  -  0-33  and  for  the  lutor  - 
t!ie  electromodTe  power  of  the  Zr. — Cd  couple  excited  bj  1011111011  of  •autmitni  nipk 
{ibid.  iias). 

SelalioabeeioteJi  ElectTO'napiUart/ Actio*  and  Bniotmet 
that  one  or  the  other  or  both  of  these  eflecCa  ma;  be  produced  betwcon  two  lii, 
the  folluiriiig  condiciona  miut  be  fulfilled:  1.  The  two  liijaids  captbla  <■(  a 
cbemicuil;  ou  one  uiother  motit  be  separated  b;  a  penupable  partition,  which  ■ 
he  either  orgftnic  or  inorganie.  3.  ELeetro-cBpilliuy  coironts  ore  prud&cud  unlj  W 
the  permeability  of  the  paidtion  is  Dot  great  eaougb  lo  admit  of  difnision  is  flUnI 
aa  in  that  case  precipilAtes,  ciyaUiIliae  or  amorphone,  vould  be  ioaatA  W  doL^ 
decompositjaa.  3.  The  permeability  miiHt  be  doe  ta  a  capilluj  actioD  ■bScscmI 
bring  the  tvo  liquids  in  contact,  and  therefoce  io  enable  them  to  react  rhiiiiili  Jli, 
whence  oriBes  a  develupment  of  eloctticitj  Buffident  to  prodoec  along  the  ndw  tt  la 
pares  an  electro-capiUarv  current  capable  of  efficting  electro-cbetnieal  d 
if  the  porea  are  so  small  that  all  the  tignid  which  enCeis  them  can  be  ' — * 
decomposed,  no  endoamOBe  or  difFuaion  takes  place,  i.  If  the  pores  uv  uuni,  im 
□f  the  solutioa  which  enters  them  remains  nndecomposed  and  diffosaa  to  t&e  MW 
side,  its  passage  beiiig  occalerated  b;  the  mechaaical  propelling  actios  of  ibe  decte- 
chomical  current.  5.  In  living  organiama  the  conoitious  for  the  devolopaeu  -i 
electro^capillary  currents  appear  to  be  comptetolj  satisEed ;  for  no  double  doonafai- 
tions  take  place  which  can  bo  referred  to  difibsioa.  6.  The  intenaity  of  the  eUcOb 
capillarf  current  dapeuds  on  the  chemical  ntlroction  between  the  liquids  and  «n  Ai 
size  of  the  pores,  the  diameter  of  wbioh  should  be  such  that  all  tha  elactiicitj  p» 
duced  b;  the  contact  of  the  liquids  inaj  bo  niilised  for  the  production  of  tha  farrm. 
The  liquids  most  be  conductors  of  electricitj,  and  the  partition!  moat  not  be  til^ai 
by  them  either  phjsicall;  or  chemicallj  (Becqnerel,  Cmtpl.  nxd,  Ixxx.  411). 

Wledomann  showed,  same  years  ago  {Pagg.  jlnn.  Ixxxrii.  211),  that  the  ^iSBIitia 
□f  liquid  carried  b;  electrical  osmose  through  a  porous  diaphraem  in  equal  lime*  an, 
oaterii  juniuT,  proportional  to  the  strength  of  (he  curreat.  This  law  tuu  bees  eia- 
ftnnod  bj  W.  aigeltnann  (Arahiv,  nitrt.  ii.  332),  who  hu  furtier  ohown  that  iIk 
coeffieieut  of  permeability,  t.e.  the  quantity  of  liquid  passing  through  in  a  inut  ii 
time,  depends  in  great  measure  on  the  oature  of  the  diapiiragm,  tieing  mnch  smalbr 
for  vegetable  and  animal  membianes,  vhich  become  drenched  with  liquid,  than  b 
porous  earthenware ;  greater,  on  the  other  hand,  for  moist  than  for  dry  tintue. 

■leotrto  Candnetlon  and  Keslstanoe.  Dmiporary  JUtrMlem  if 
Elfttrie  CcmdactiiAiy  ly  Exlaiiion. — This  eScct  baa  been  eiamined  ty  H.  Tniiiliiiaii 
{Prac.  Soy.  8m.  hi.  4S1},  who  finds  that  the  increase  of  dccCrical  renataoce  ini 
metaliio  rod  (expressed  in  fractions  of  the  vhale)  produced  fay  atretchingia  eucttjtpv- 

Clonal  to  the  stretching  force,  and  that,  after  deducting  the  incrcB  ~  ' 
to  the  mere  lengthening  of  the  rod,  and  to  the  diminntion  of  tJie  ti 
of  the  path  of  the  current,  there  still  tumains  a  positivo  it 
is  greatest  in  iron  and  leaat  in  broas.  This  part  of  the  increase  must  thenfon  )■ 
due  to  the  fact  that  the  eitenaiou  has  increased  the  distances  between  the  partidts  d 
the  metal  in  the  direction  in  which  the  Dledsicu^  ii  moving. 

Effect  of  JMiiiiofi,— Edland  (Fogg.  Arm.  dvi.  Ml)  tai  shown,  by  exwrimnits  a 
water  and  dilnce  alcohol,  that  the  electric  resistanss  of  a  moving  conductor  ia  1h 
in  thedirection  of  the  motion,  and  greater  in  the  opposite  direction,  than  in  a  statarf 
rest. 

Influence  nf  Temperatvrt  on  Ihi  Condacling  Povter  ef  MttaU. — The  electric  n>^ 
SDce  of  all  metala  increases  with  riss  oF  temperature,  moft  strongly  in  iron  and  stMi 
III  iron,  at  180°,  it  ia  twice  OS  great;  at  430°,  four  limes  as  great ;  and  at  860°,  niu 
times  OS  f^«at  aa  it  is  at  0°.  In  all  other  metals,  the  coadacting  powo'  diminishea  okk 
rapidly  with  inerensa  of  temperature,  in  proportion  oa  the  meituig  point  is  lower.  Ii 
iroD  aud  palladium  tho  rasistaoce  at  0°  does  not  become  doubled  tUI  the  tempentoR 
Iff  raised  to  4fiO'^  and  400°  respectively,  wheroaA  in  sine,  cadminnk,  tholliuixi,  and  tii, 
it  becomoa  doubled  between  200°  and  330°.  lu  alloys  the  increase  of  reaistanto  a 
always  less  than  in  the  constitnont  metals  (Bonoil,  f'agg.  Ana.  eliii.  *1 1). 

Influeiict  ijf  the  Pansage  of  a  Citmni  on  the  Ekclric  Conduotivity  0/  Jrm  ari 
Sled. — The  prolonged  pass'age  of  a  oorreut  through  iron  and  steel  bar*  im  1  Miia  tUt 
resistance  slif^tly  {op  to  D'OOI),  and  more  strongly  in  iron  than  in  ateeL  Tbe  elad>t 
and  interruption  of  (he  circuit  give  riae  (0  the  fonnadoa  of  extra  cnrreats,  aho«i^ 
that  the  oSect  depends  upon  the  direction  of  the  molecular  magnets  in  these  imtJi 
(Horwig,  ibid.  115).  According  to  Adams  (ftw.  Jloy.  Soe.  ixiii.  633),  (be  rMiMass 
''  ^ard  steel  \h  drnwiaViA,  auA  Oux. (A  n&iA/bal  -uid  soft  iron  ia  in-rtiinit.  Ijy  M 
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Influence  of  Maffneiisatum.^'Wbieia  a  bar  of  hard  steel  in  placed  in  the  asds  of  a 
helix  of  wire,  and  magnetised  by  the  passage  of  a  current  through  the  helix,  its 
electric  resistance  is  dixmnished  nearly  in  proportion  to  the  square  of  the  strength  of  the 
inducing  current  When  soft  steel  or  soft  iron  is  magnetised  either  longitu£nally  or 
transversely,  its  resistance  increases  nearly  in  proportion  to  the  square  of  the  strength 
of  the  inducing  current ;  urith  veiy  strong  currents,  howeyer,  the  increase  of  resistance 
is  less  than  it  should  be  according  to  this  law  (Adams,  loc,  cit.) 

Influence  of  Physical  State. — ^Buff  (lAebi^s  AmuUen,  ex.  267)  found  that  many 
chemical  compounos  which  in  the  liquid  state  are  decomposed  by  the  current,  are 
capable,  when  solid,  of  conducting  without  decomposition,  to  a  slight  extent  at  ordi- 
nary  temperatures,  and  in  a  higher  degree  when  heated  to  temperatures  below  their 
melting  points  :  such  was  found  to  be  the  case  with  cuprous  chloride,  potassiimi  di- 
chromate,  lead  oxide,  and  lead  chloride.  Oonversely,  compound  bodies  which  are  con- 
ductors when  solid,  become  incapable  of  conducting  without  decomposition  when 
liquefied.  K  Wiedemann,  on  the  other  hand  (Pogg*  Ann,  cHt.  818),  finds  that  the 
haUfid  oompownde  of  lead  do  not  conduct  wholly  like  metals,  but  are  at  the  same  time 
electrolytically  decomposed,  the  amount  of  such  decomposition  increasing  rapidly  with 
rise  of  temperature. 

F.  Braun  (Pogg.  Ann,  diy.  161)  has  determined  the  conductivity  of  fused  salts 
in  the  neighbourhood  of  their  melting  points.  Putting  the  oonductiyity  of  mercury  at 
0^  equal  to  100,000,000,  referred  to  which  unit  that  of  the  best-conducting  sulphuric 
acid  is  equal  to  7,700,  the  following  numbers  are  obtained : 


Pbca« 

B 

82200 

NaNO« 

B 

11476 

AgNO« 

S 

8688     (the  same  just  solidified  »  4120) 

NaOl 

= 

8660 

KrJO* 

S= 

6600 

Na«80< 

^s 

8680 

Sr01« 

=3 

2260 

K«CO« 

S 

2160 

ZnCl« 

= 

86-9  (the  same  just  solidified  »  8'68). 

Between  the  conducting  powers  of  fused  salts  and  those  of  their  aqueous  solutions, 
no  continuous  parallelism  appears  to  exist.  The  former  are  of  the  same  order  ot 
magnitude  as  the  latter,  though  in  most  cases  considerably  larger,  the  only  conspicuous 
exception  being  found  in  zinc  chloride.  No  connection  can  be  traced  between  the 
galvanic  conducting  powers  of  salts  and  their  other  physical  properties. 

Conductivity  of  Minerals, — Many  minerals,  especially  amorphous  silica, 
exhibit,  when  an  electric  current  is  passed  through  Uiem,  a  certain  degree  of  polarisation, 
arising  from  their  being  thrown  into  the  dielectric  state,  so  that  their  conductivity  is 
both  electrolvtic  and  eUetrotonio.  The  effects  of  these  two  properties  are,  moreover, 
complicated  by  those  due  to  moisture  and  heat  Similar  phenomena  are  observed  in 
vegetable  and  animal  tissues  and  in  various  liquids  (Du  Moncel,  Con^t  rend,  Ixxxi. 
312,  890,  426).  When  a  current  is  passed  through  a  pebble  held  between  copper  or 
platinum  electrodes,  these  become  polarised,  and  the  pebble  itself  becomes  a  source  of 
electricity  of  shorter  or  longer  duration,  according  to  the  duration  of  the  electrisation 
and  the  nature  of  the  body.  The  reversal  of  we  poUrising  current  gives  rise  to 
peculiar  effects  not  yet  thoroughly  investigated  (Dn  Moncel,  Con^t,  rmd  Ixxxi.  312 
390,  426 ;  Ixxxii.  39). 

W.  Beetz  (Pogg,  Ann,  clviii.  663)  has  determined  the  conducting  power  of 
manganese-ores  and  of  various  kinds  of  carbon,  with  the  following  results, 
refer^  to  the  conductivity  of  mercury  as  unity : — 

Nuremberg        Stiek  of 
Manganite         I^yrohitlte     Battery  Oarbon    Orapbite 
Specific  gravity         .  4-84  466  1*47  2-28 

n      J    ^-     *  (00000016  0000123  AAni»r  aaa^^c 

Conductivity     .        .         1 0-0000026        0000230         ^^^^^         000466 

Munich  Bohmkorfl  Bar  of  Carbon  from 

Retort  coke  Oarbon  plate        Dabonq's  Lamp 
Specific  gravity                       .          172  1-82  1-90 

Conductivity  ....        00110  0*0138  00288 

From  experiments  bv  v.  Kobell  (PkU.  Maa,  [41, 1.  24)  it  appears  that  anthra- 
cites and  coals  whicn  have  been  subjected  to  the  action  of  interpenetrating  fused 
rocks  possess  a  high  degree  of  conducting  power,  approximating  to  that  of  graphite, 
whereas  coals  which  have  been  deposited  without  oisturbanoe,  like  the  Welsh  anthn- 
cite,  are  had  condoctan  at  ordinary  temperatures,  but  M^q^Vr^  ^nf^dsmX^'^  ««iv\>\<&- 
Jag power  when  heated  to  redness. 
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F.  fiisoD  (POgg.  Ann.  tliii,  OaUJ  has  oi&iiiiiied  the  conducting  povw  M 
veU-ctjsEaUIaed  metallic  aulpbidce,  bntli  natqral  and  ikTti&ciiil,  udfl) 
radstoncB  whicb  tbej  offeT  to  tlio  pasuage  of  tbe  cunvnt  TBxiea  villi  I 
iatansitj,  and  duiation,  the  Tariatioas  Amounting  somatimes  to  30  per  a 
entire  Talao.    Different  reaultB  have.  hovevBT,  been  obtaiued  b;  U.  IhifN  (U 
rend.  Izxxi.  62S),  at  loaat  foe  iron  pyriles,  which,  according  to  hia  obaeml' 
dncta  eiBCtlj  likcr  a,  metal,  its  coudnctine  power  being  independeDt  of  the  cU 
the  cnrrent,  and  voijing  \>J  at  moat  t  per  cent,  according  to  ita  dnmtioli. 
upecimpnfl,  on  the  other  hand,  exhibit  great  diTeraitieB  of  oundaulii^  powet,  * 
to  their  internal  itmctnre,  and  the  direction  in  vhich  tbey  hara  been  cat, 

Conduetivitg  of  Vegetable  and  Animal  Suft*(ance».— Theelactrie 
tiritf  of  various  woods  has  been  ^laminDd  by  Du  Moncel  (Cbntpf.  rvnd.  txax, 
110,  lat.  206,  3SB,  SSI),  who  flnda  that  it  depends  almoat  whollj  on  the  tmai 
vater  contained  in  them,  and  therefore  varies  vith  the  slate  of  tbe  hj'Knimietcr  _ 
<jnicklf  in  soft  than  in  hard  voods,  and  in  each  cose  agreea  appraximatdr  wttli  01  _^^ 
bur.     The  eiperiments,  bovever,  exhibited  BnmeroBa  irregularitie*.    BjdiTbai^^l 
saturating  witb  parafBn,  mosC  Toode  ma;  be  rendered  good  insnlatorB,  titmz  ianufaK 
poirer  bebg  independent  of  tbe  h;gT<metriG  stale  of  the  air.    The  eoodnetiri^* 
mineral   subatancea,   especiallj  briche,   is  according  lo  their  degrre  of  vuaiKj, 
fltronglr  inflnanced  by  the  quantity  of  moietniuin  the  air;  so  likewise  istluU  oCtiBiM. 

In  di7  air,  irooiiea  stuffs  are  better  insulators  than  silk  ;  and  itmongst  nik  (D^ 
black  silks,  especially  the  more  common  kinds,  acquire,  troai  the  wioae  snTittaMiii 
used  aa  droBsinga,  a  very  high  degree  of  conducting  power  [Hid.  753,  9*6). 

When  the  electrodes  of  a  battery  are  pressed  trota  without  aptinst  tb«  taikrf 
Bhamniti  Alaterata,  a  alight  deviation  of  the  needle  of  a  galvanometer  inchiJrf  ta  th 
circuit  is  observed,  diminishing  a  little  after  a  while,  but  no  pol&riaation  of  lit*  d«> 
trodef  is  produced.  If,  on  the  otber  band,  one  or  both  of  the  elsctiodea  be  tl  '  '  ' 
the  slam,  both  lie  current  and  the  polarisation  are  stronger.  The  bom 
after  ten  minutes'  electriaalion  b;^  means  of  electrodes  applied  eitenuU;  to 
exhibits  very  strong  polarisation  carrsnta,  and  morlificatiOD  of  iha  l' 
the  electrodes  (Du  Moncel,  Con^L  nod.  liixiii.  1236). 

Mentxic  Reeistanee  of  8 tleniun. — The  electric  resistance  of  this  bi   _ 
aUy  diminiBliod  by  exposure  to  light,  the  actinic  mys  of  the  ipectruin  Jf 
least,  the  red  and  ultra-red  rays  the  greatest  effix:t,  and  the  maximi 
bo  nearly  coincident  with  the  thermic  maximum.    Tint  inflnence  t       _ 
apparent  almost  instantly  aft<-r  irradiation;  but  on  removing  the  light,  tka  al 
resistance  rises  to  its  normal  amount,  but  at  a  slower  rate  (Sole,  Pme,  P       " 
2S3). 

The  increase  of  the  electric  conductivity  of  selenium  thua  produced,  is  attriiM. 
by  Sale  entirely  to  the  influence  of  light,  independontly  of  tbe  heat  by  which  it  a_, 
be  accompanied,  although  the  experimeats  of  Hittorf  aeera  to  sho  w  that  the  condoetiniT 
is  increased  by  heat  alone  {Liebi^t  Aniutlen,  Ixxziv.  214).  Wiltooghby  Snitll  {BmL 
™         "  "    "  "  "ri.  204)  also  finds  that  the  electrie  conduclivi^  of  selemnm  IB  a- 
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coloured  glass,  and  hence  infers  that  the  effect  is  independent  of  t£e  inflanm^ 
heat.  Tbe  same  view  ia  t^en  by  the  Earl  of  Rosse  {Phit.  Mag.  [4],  xlir.  161],  rti 
has  further  shown  that  the  eOect  of  tbe  light  varies  in  the  inverse  ifttio,  not  of  Ik 
sqnare,  but  of  the  first  power  of  the  distance  &on  the  soarce  of  light,  and  thmvIlM 
directlr  as  the  square  root  of  the  luminous  intensity ;  also  that  in  a  mniir  iitiniiiiitMi 
tbe  eirect  of  the  light  is  much  weaker,  and  ofl«a  actually  diminisIiBa  aftai 
axpoinro. 

The  inflneDCe  of  light  On  the  electric  resistance  of  aetenium  has  bat 
examioud  by  W.  O.  Adams  [Proo.  Bo;/.  8oc.  xxiii.  d3Gi  xxiv.  163). 
experiments  showed  that  the  resiitaoceof  selenium  which  has  not  been  expoaoj  la 
light,  incTBOsca  slowly  and  regularly  in  consequaoee  of  tha  heat  develcnpod  bj  tbt 
cttrrent.  but  diminisbes,  on  the  other  hand,  as  the  strength  of  the  current  iii  JiiriM— 1 
Rise  of  temperature  iucreaeesthe  resistance  of  selenium  not  exposed  to  light ;  expcsra 
to  light  diminishes  it,  but  ajler  removal  of  tbe  tight,  the  resistance  retnroa  to  ib 
former  amount.  Exposure  to  fHill  daylight  may  diminish  the  rasiatauce  by  aboat  v» 
fourth  of  its  sntiro  amount.  By  tbe  uae  of  abBOrliing  media,  it  was  foiud  llut  tb 
dart  heat-rays  and  the  chemical  raja  (violet  and  ultra-violet)  have  very  little  influa 
but  that  the  effect  increases  with  the  intensity  of  the  light,  and  therdbre  atuist 
maximum  in  the  groan  part  of  the  spectrum.  Tbe  flame  of  a  Bnnseo  bunur,  is 
ordinary  state,  has  but  Very  little  effect,  but,  when  rendered  Imninoiu  hy  dintting! 
ait-holes,  it  d\iuiaBbGBt.\umKu,\imc&V'j  oa«-fQuitla.  The  flame  of  an  urdii 
candle,  liaving  oiAj  ij  tVa  mlfTiBA'j  n't  \Xi>i  \ib^\.  ^Mtasa 
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resistance  by  i ;  the  light  of  the  full  moon  by  ^5.  Further  experiments  with  the 
light  of  a  candle  and  of  an  Argand  lamp  shoired  that  the  diminution  of  resistance  is 
directly  proportional  to  the  square  root  of  the  intensity  of  the  light 

Exposure  of  selenium  to  light  excites  and  maintains  an  electric  current.  Of 
three  lumps  of  selenium  examined,  two  showed  this  effect,  while  the  third  did  not. 
The  sensitiTeness  of  light  is,  moreoyer,  different  in  different  parts  of  the  same  lump. 
In  general,  the  current  passes  from  the  less  to  the  more  strongly  illuminated  portion  ; 
the  direction  may,  however,  be  reversed  in  consequence  of  accidental  molecular 
peculiarities.  The  effect  does  not  appear  to  depend  on  thermo-electricity.  When  a 
weak  current  was  passed  through  pieces  of  selenium  having  but  little  resisting  power, 
the  resistance  was  increased  by  illumination  of  the  end  where  the  current  entered, 
and  diminished  by  illuminating  that  at  which  it  went  out.  In  sticks  of  selenium 
having  great  resisting  power,  this  power  was  always  diminished  by  illumination  ;  and 
the  same  effect  was  observed  in  lumps  in  which  no  current  could  be  excited  by 
illumination  alone.  These  irre^^ularities  (and  those  observed  by  Siemens,  i^fra) 
may,  for  the  most  part,  be  explained  on  the  supposition  that  in  the  cooling  of  ^sed 
selenium,  the  outermost  layers,  which  cool  most  quickly,  have  no  time  to  assume  the 
crystalline  structure,  like  those  in  the  interior,  fbtposure  to  light  favours  the 
development  of  this  structure,  and  thereby  gives  rise,  not  onlv  to  increased  conducting 
power,  but  also  to  a  prolonged  molecular  transpofiition,  which  shows  itself,  under 
certain  circumstances,  in  the  form  of  a  current. 

The  influence  of  heat  on  the  electric  conductivity  of  selenium  has  been  specially 
studied  by  W.  Siemens  [Pogg.  Ann,  dix.  117).  Selenium,  as  well  as  tellurium  and 
carbon,  exhibits  the  proper^  opposite  to  that  of  metallic  conductors — of  conducting 
electricity  better  at  lugher  than  at  lower  temperatures.  It  does  not,  however,  retain 
this  property  at  all  temperatures,  but  loses  it  by  prolonged  heating  at  200^,  and  then 
behaves  to  electricity  uke  a  metal,  that  is  to  say,  its  conductivity  is  increased  by 
coolinff.  This  metallic  condition  of  selenium,  brought  into  the  crystalline  from  the 
amorpnous  state  by  heat,  is  not  however  stable ;  but,  during  and  after  cooling,  slowly 
returns  to  the  condition  of  selenium  which  has  crystallised  at  lower  temperatures,  in 
which  state  it  conducts  no  longer  like  a  metal,  but  like  an  electrolyte.  A  certain 
portion  of  the  metallically  conducting  selenium  remains,  however,  dissolved  in  the 
latter  modification,  its  quantity  being  greatet  or  smaller  according  to  the  temperature 
to  which  it  has  been  cooled.  Hence  it  appears  probable  that  solid  selenium,  when 
heated  for  some  time  to  200^,  is  converted  into  a  third  allotropic  modification,  which 
is  stable  only  at  that  temperature,  and  would  be  reconverted  at  lower  temperatures 
into  the  electrolytically  conducting  modification,  were  it  not  that  it  is  dissolved  in  and 
combined  with  the  latter.  Hence  also  may  be  explained  the  oocuirence  of  a  turning 
point,  bevond  which  the  metallic  conduction  passes  into  that  which  resembles  the 
electrolytic  (in  being  greater  at  high  than  at  low  temperatures),  as  well  as  the  lower- 
ing of  this  point  by  time  and  by  fall  of  temperature.  The  following  are  the  tempera- 
tures and  galvanometer  deflections  observed  at  intervals  of  flve  minutes  when  a  steatite 
crucible  containing  a  block  of  selenium  was  placed  in  a  parai&n  bath  at  280^ : 


Time  after  immersion 

6 

10 

15 

20   minutes. 

Temperature  of  the  Selenium  . 

80° 

1620 

200<» 

216» 

Deflection  (a)  . 

0 

870 

1620 

120 

As  the  selenium  began  to  fuse  (at  217°)  the  deflection  fell  to  70"*,  and  the  fused 
selenium  became  hotter,  flrst  quicklj,  then  more  slowly  to  300°. 

An  essential  part  of  the  electric  resistance  of  selenium  appears  to  have  its  seat 
in  the  layers  borderinff  on  the  conducting  faces,  and  these  boraer-layers  appear  to  be 
electrolytically  altered  by  the  current,  the  metaJlic  selenium  being,  perhaps,  separated 
from  the  crystalline,  and  thereby  permanently  or  transiently  converted  into  the  crys- 
talline or  the  amorphous  variety.  Hence  arise  apparently  contradictory  relations  of 
the  conductivity,  according  to  the  quicker  or  slower  cooling  of  the  selenium,  and 
according  to  the  direction  of  the  current    See  farther  Adams  {mtpra). 

The  alterations  of  conductivity  produced  by  heat  and  light  in  the  various  modiflca- 
tions  of  selenium  have  also  been  examined  by  H.  N.  Draper  and  B.  J.  Moss  (Chem, 
JSews,  xxxiii.  1).  Amorphous  vitreous  selenium  does  not  conduct  even  in  very  thin 
layers,  and  in  this  state  it  becomes  electric  by  friction.  As  the  selenium  passes  into 
the  granular  state,  the  conducting  power  increases  proportionally  to  the  temperature, 
but  at  the  melting  point  (217°)  it  suddenly  undergoes  a  great  diminution;  the 
minimum  is  found  at  250°.  When  amorphous  selenium,  produced  by  rapid  cooling 
of  the  fused  granular  modification,  is  quickly  heated,  it  begins  to  conduct  the  current 
between  165°  and  175°,  and  with  continually  greater  facility  as  the  temperature 
approaches  the  boiling  point  of  selenium.  Draper  a.  Moss  have  prepared  three 
modLBeAtioDB  of  gimnniar  selenium.    The  flrst  is  a  hoh-ciotAxx!^^  viA&«&'&r^  ^RnS^sa^ 
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conducting  power  even  on  exposure  to  light ;  the  second  conducts  nuxleratelj  we'.l, 
and  is  not  sensitive  to  light ;  the  third,  intermediate  between  the  other  two,  ocuidQetf 
moderately  well,  and  is  very  sensitiye  to  light,  ita  conductivity  in  ^flat  sticks  being 
increased  75  to  100  per  cent,  by  direct  insolation,  and  10  to  50  per  cent,  by  exposan 
to  artificial  light.  One  form  of  granular  selenium  exhibited  an  increase  of  uectiie 
conductivity  with  rise  of  temperature ;  another  exhibited  a  decrease,  behaving  in  that 
respect  like  a  metal. 

Tellurium  does  not  exhibit  any  alteration  of  conducting  power  on  exposure  to 
light,  but  its  resistance  ia  diminished  by  heating,  and  in  a  greater  degree  after  it  Lu 
been  1^  for  some  time  in  an  un warmed  place  (Adams,  "Broe.  Boy.  Boe.  xxiv.  163). 
Exner  {JPogg.  Ann.  dviii.  625),  on  heating  a  bar  of  tellurium,  observed  at  first  a  slisht 
increase  of  its  electric  resistance,  continuing  up  to  the  temperature  of  90^  (in  ouer 
bars  to  about  245^),  then  a  steady  diminution  up  to  the  highest  temperature  tried, 
viz.  200^.  As  the  bar  cooled,  the  resistance  increased  steadily  and  very  oonndeiablj. 
so  that  at  the  temperature  of  the  room  it  was  five  or  six  times  aa  great  as  at  t£e 
beginning  of  the  experiment.  Repeated  heatings  showed  that  the  final  resistaoec 
after  cooling  had  always  diminished  when  the  time  of  cooling  waa  leas  than  in  the 
experiment  inunediately  preceding,  and  had  increased  in  the  contzary  case.  The 
greater  the  difference  in  the  time  of  cooling,  the  greater  in  general  waa  the  altentioD 
of  conducting  power.  The  cause.of  these  effects  appears  to  be  that  between  110^  asd 
60^,  the  hot  amorphous  tellurium  passes  by  a  molecular  transformation,  which  takH 
some  time  to  complete,  into  slowly  conducting  crystalline  tellurium.  The  condvctisg 
power  of  tellurium  for  two  bars  (I.  and  II.),  obtained  by  fusion,  was  fbnnd  to  be  n 
follows  (silver  B  lOO) : 


I.  000351 

n. 

0-00810 

I.  0-00286 

II. 

000298 

I.  000435 

n. 

0-00437 

At  200° 

\  after  slowest  cooling 

Conductivity  of  Glaat.—W,  Beets  {Pogg.  Ann.  1874,  Jubelband  28-32)  hu 
determined  the  electric  and  thermic  conducting  powera  of  three  kinds  of  glass  of 
known  composition.    The  results  are  given  in  the  following  table : 


1 

Spedflo 
gravity 

S 

Melting 
point 

I.  White  French  mirror  glans. 
II.  Bottle-green  gloss 
III.  Heavy  lead-glass 

2-544 
2-540 
4-701 

1110° 

1080° 

700° 

3 

4 

ft 

Bedstanoe 
at  300°  in 
mil].  Q.  £. 

1 
Time  of 

dischcrg-  1      Heat 
ing  the    'ooDdttctinr 

trometer  ' 

1 

17746 

6252 

66010 

152      i 
36 
0 

0*04523 
0-04456 
0-04373 

Those  numbers  show  that  the  specific  conducting  power  of  the  glaaaes  for  statical 
electricity,  given  under  4,  bears  no  relation  to  the  electrolytic  conductivity  under  3. 
Lead-glass  is,  at  ordinary  temperatures,  the  best  conductor  of  the  three,  while  as  sa 
electrolyte  it  is  by  far  the  worst.  The  specific  conducting  power  is  greatest  in  the 
glass  which  contains  the  largest  amount  of  metal ;  the  other  two,  which  resemUe  oat 
another  more  nearly  in  composition,  are  likewise  more  nearly  equal  in  ™«iUth>g 
power.  The  results  show  that,  contrary  to  the  law  laid  down  by  Wiedemann  a. 
Pranz  {Phil.  Mag.  [4],  vii.  33  ;  Jahresb,/.  Chem.  1853,  92),  the  electnc  and  thenoie 
conductivities  of  the  three  glasses  do  not  follow  the  same  law.  The  moat  easily  fiasiUe 
glass  does  not  become  a  conductor  even  at  the  lowest  temperature. 

Vf.  Whitehouse  {Chem.  News,  xxxi.  265)  has  determined  the  electric  conductiTitj 
of  glass  (not  analysed)  of  different  temperatures.  A  glass  tube  3f  inches  long,  |  ineb 
in  external  diameter,  and  0-01  inch  thick  in  the  walls,  surrounded,  inside  and  out,  by 
mercury,  into  which  the  electrodes  dipped,  gave  the  following  resistances  «,  in 
Ohmad's,  at  t^  0. : 


t    «         165° 

186° 

210® 

266® 

270® 

800» 

to  «   229600 

100-000 

69000 

22600 

9000 

6800 

J.  Perry  {Proc.  Roy.  Soc.  xxiii.  468)  has  investigated  the  electric  conductivity  of 
glass,  chiefiy  w\t\v  loSet^Ti^^^  \a  \x%  wa&  ycl  ^\^^lTQ^<^tric  apparatus.  Flint  glass  was 
foond  to  be  best  adapXjedi  lor  X^cv^  Y^a:^^^.   Tci^  ^«^'vA«ci^'^  ^1 S^^  ^%s:s^^:ss:^^:s:^^<«^kjtha 
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temperatnre  is  approximately  represented  by  the  formula  C^ca^y  in  which  e  denotes 
the  electric  conductivity  at  74'4°,  C  that  at  74*4  •«- 1^  and  a  ^  1*027. 

In  connection  with  these  results,  W.  Thomson  {Jh^io,  Roy.  8oc.  zziii.  463)  lias 
examined  the  electric  conductivity  of  heated  glass  by  laying  a  plate  of  flat  glass 
between  a  zinc  and  a  copper  plate,  and  measuring  the  charge  acquired  by  these  two 
plates.  At  temperatnres  &om  about  53^  upwards,  these  charges  were  already  as 
great  as  with  liquid  electrolytes,  but  required  for  their  development  a  certain  time, 
shorter  as  the  temperature  was  higher.  Between  100^  and  120®,  the  final  charge 
was  somewhat  smaller.  Both  the  metal  plates  were  found,  after  the  experiments,  to 
be  thickly  oxidised  on  the  side  next  the  glass,  and  the  glass  plate  itself  was  clouded. 
Three  smoother  plates,  on  the  contrary,  exhibited  no  sign  of  aecomposition. 

Conductivity  of  Water  (Kohlrausch,  Pogg.  Ann,  Ergftnznrgsband  viii.  1 ;  clix. 
233). — ^The  conducting  power  of  water  is  extremely  sensitive  to  the  smallest  quantities 
of  admixed  substances,  being  for  the  most  part  increased  thereby.  The  minimum  con- 
ductivity k  (referred  to  mercniy  as  the  unit)  of  water  purified  with  the  most  minute 
precautions,  was  found  to  be  represented  by  the  equation, 

k  X    lO"   =  0-72. 

By  mere  standing  of  the  water  in  a  platinum  dish  under  a  closely-fitting  glass  bell- 
iar,  the  conductivity  was  raised  to  double  that  amount  in  6  hours,  to  5  times  in  20 
hours,  and  to  40  times  in  44  days. 

Alcohol^vel:x]0'*«0*d4;  ether,  0*01;  stannic  chloride,SnCl^  gave  0*02 
as  a  superior  limit. 

Conductivity  of  A  eidi. — ^From  experiments  by  Qroin&a  (Poyy.  Ann.  di.  378)  it 
appears  that  the  conducting  power  of  sulphuric  acid  (SO^H^  between  0*'  and  70® 
and  in  aqueous  solutions  of  5  to  10  per  cent.,  may  be  very  nearly  represented  by  a 
parabolic  formula  with  three  constants  (a-i'bt  +  ci^,  which  themselves  depend  in  Uke 
manner  on  the  percentage  of  add.  For  hydrochloric  acid  of  specific  gravity  1*03  to 
1*06,  and  for  temperatures  from  0°  to  33®,  linear  formulae  are  suflScient.  The 
numerical  results  agree  within  1  per  cent,  of  those  obtained  by  Kohlrausch  a.  Nip- 
poldt  (Is^  Suppl.  664).  At  every  temperature  there  exists  a  maximum  of  conductivity 
for  a  certain  percentage  of  acid,  greater  as  tlie  temperature  is  higher,  viz.  from  30'2 
to  35*4  per  cent,  between  0®  and  70®.  Hydrochloric  acid  exhibits  smaller 
differences  in  the  opposite  direction.  According  to  Kohlrausch  a.  Grotrian  (ibid.  cliv. 
1,  216),  nitric  acid  behaves  with  regard  to  temperature  like  sulphuric  add,  and 
exhibits  a  maximum  of  conductivity  for  29*0  per  cent,  at  0®,  and  for  30*2  per  cent,  at 
40®.  The  relation  between  the  temperature-coeffidents  and  the  amount  of  add 
present  cannot,  however,  in  this  case,  be  represented  by  a  parabolic  formula. 

Further  experiments  by  Kohlrausch  (Boay.  Ann.  dix.  283)  on  the  electric  con- 
ductivity of  these  and  other  acids,  have  yielded  the  results  contained  in  the  following 
table.  The  first  column  gives  the  quantity  of  add  in  100  parts  of  the  aqueous 
solution;  the  second  column  the  specific  ^vity  «,  at  16®  for  phosphoi^  add  and  the 
haloid  acids ;  at  18®  for  the  rest ;  the  third  column  shows  the  conduotingpower  (K) 
of  the  aqueous  acH  at  18®  (mercury  » 1),  multiplied  by  10* :  therefore  IL^k^^.lO* ; 

the  fourth  the  increment  of  K  for  1®  0,  divided  by  l;,g :  therefore  A  »   .j-.. 

kit 


Solution 


/ 


H«SO« 

1 

2*5 
5 
10 
16 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 


Solution 


Sulphuric  Acid. 


—  429 

10161  1020 

1-0331  1952 

10673  3665 

11036  5084 

1*1414  6108 

11807  6710 

1*2207  6912 

1*2625  6776 

1-3056  6361 

1-3508  6766 

1*8984  6056 

1*4487  4280 

1*5019  8487 

1*6577  2722 
1-6 146    I   2016 


1*6734 
1*7320 

1*7827 
1*8167 

1*8868 
1-8390 
1*8864 


1421 

1032 

916 

916 

1006 

1030 

958 

760 

80 


291 
349 
369 
366 
820 
296 
279 
286 
0*0400 


Hydrobromic  Add. 


1*0322 
1*0669 
11042 


1789 
8327 
4630 


0*0163 
00163 
0*0161 


Hvdriodic  Add. 
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Solatlffli 

'                 ^ 

_'__ 

Solatlon 

• 

• 

HG 

HjdKwhIorie  Acid. 

(?H«0» 

AerticAmd. 

6 

1-0212 

3693 

0-0169 

OS 

— 

2-98 

— 

6302 

167 

fi'48 

16 

1-07 11 

6980 

160 

6 

1-0068 

11-47 

0H>I63 

30 

l-lOOl 

7132 

156 

10 

1-0133 

14-30 

169 

25 

1'1263 

6767 

154 

15 

1-0195 

1618 

171 

SO 

1-1(>24 

6200 

168 

20 

r0257 

16-04 

17> 

3S 

11776 

6635 

00153 

36 

1-0325 

14-24 

1B3 

40 

1-2007 

4826 

30 

1-0S93 

13-13 

186 

36 

1-0146 

U-72 

»t    1 

H-PO' 

nioapboric  A 

id. 

40 

1-0498 

1013 

m  1 

16 

1-0560 

8-49 

IM 

e 

10270 

293 

0-0100 

1-0000 

6-93 

194 

10 

10648 

631 

104 

63 

I'OGSO 

S-52 

200 

IS 

10841 

767 

109 

GO 

10666 

4-38 

306   i 

20 

11161 

1060 

114 

65 

1-0678 

3-17 

309 

26 

1-1173 

1316 

131 

70 

1'0SS6 

2-30 

(MlSia  1 

30 

1-I80B 

1661 

75 

1-0693 

1-37 

0-021 0 

se 

1-2160 

1742 

140 

0-T6 

310 

40 
4fl 

1-2530 
1-2921 

1881 

1966 

160 
161 

1IB7 

1-0486 

0-0004 

0-03ID 

60 

as 

1-3328 

1-8761 

1943 

1862 

174 

18S 

C'H'O' 

1 

utuieAd 

. 

GO 

M208 

1717 

207 

5 

10210 

&6-S 

O-OIM 

GS 

1-4674 

1645 

230 

10 

1'0464 

76-3 

191 

TO 

1-61 66 

1345 

262 

16 

10886 

87-9 

194 

75 

1-6600 

1132 

290 

30 

1-0050 

187 

80 

18102 

B17 

309 

26 

1-1211 

93-9 

191 

85 

l'G783 

730 

360 

::9 

MlSl 

»0-3 

300 

87 

1-7001 

663 

0'0S72 

36 

11763 

83'2 

110 

40 

1-20S4 

73-7 

13) 

CHn)' 

)xBlic  Aei. 

46 

1-38S0 

63-2 

243 

35 

I-OIBB 

476 

0-0143 

50 

1-2872 

49-9 

0-0M5 

7'0 

10326 

734 

0-0  ill 

Mtabliilied  bj  Eoblmndi  ud 


These  Dauibtn.  toptim  witli  dia  &cts  pMvioail;  n 
QrotriMi  (p.  723),  lead  to  the  fbUowing  coneluiioiu. 

jBi  aeu»  whidi  Asm  beat  exaamud  m  ttrong  tohitvma  ahUrit,  for  a  oartoM  prefer- 
Hon  c/adiMtttm  v/ith  tBoter,  a  nuaimum  of  emdvatiiK/ poioer.  Tit  aeid  trimrtto^ 
a  liquidiy  mo  mtmufttiiouniUeondMeting  fever. 

So  rioipb  lAtmiad  comjxmnd  yet  examined  ti  a  good  atudaeCof  i»  tM»  Uqnd  lUU, 
but  bteeme*  ta  oidj/  ahen  mixed  mlk  atietlier,  water  for  exantple. 

The  coDducting  power  of  snlphnric  acid,  Teckociii^  &ani  0  per  cent,  ct  acid  (pan 
water)  to  the  enhjdride  (SO"),  begini  irith  &  Tolne  differing  bnt  little  from  0°,  and 
«Dd>  vith  the  name  Tftlae.  exhibiting  ia  the  intsrral,  eo  f ar  u  ieret  knovn,  3  »"-"— 
■ad  2  miniias,  the  Utter  correBpoDding  with  the  formnln  H^O<  ujd  nVO<.HV. 
The  eziatence  of  the  hydrate,  H^O'.2U'0,  ie  Dot  indicated  by  the  nnmbara  obUinad. 
Aa  the  tampenture  rliea,  the  minima  and  the  later  maxima  diaappoKc.  ^la  maii- 
miun  conductiTities  of  nitric,  hydrochloric,  and  snlpharic  acid  differ  but  little  fam 
one  another,  and  approximate  more  aod  more  aa  the  tempeiatnre  riaea. 

Aqneon*  eolntiana  of  SNO*,  HCl,  HBr,  acd  HI  hsTe,  for  eqnal  iinmbna  at  >nb- 
colea  in  the  noit  of  Tolnma,  nearly  eqnal  coudacting  povars  :  wheiioB,  in  eonnecboB 
-with  Faraday*!  law  of  daflnite  electroljtic  action,  it  may  be  inferrad  that,  in  thi 
clectrolyais  of  these  acids  under  the  inflnenca  of  equal  dtoomposing  fbrMs,  tliMr 
conetitDenta  are  earri»l  past  one  another  with  eqnal  relBtive  veloeitiea. 

Since  the  mixtnre  of  two  non-condacting  liquids,  u  water  and  acetic  acid,  pn>- 
dnces  a  conductor,  it  followi  that  one  conatitnent  of  the  mixtnre — tlie  ■olTeot — pti- 
Teata  the  iona  Sxan  too  bequeat  concnrrsnce,  and  therabj  enables  than  to  tttnl 
Imager  dietances  without  reprodnctios  of  the  Driginal  molecnlee ;  or,  what  oooui  U  dw 
nme  thing,  the  tii^on  oT  *^  sVaAn&j^ci^  mm-os^  unnAiMwtAA  rX  Umi  ""ipiH 
.Uunit  thaft«•ign\«Ju4^»\m»^■\lMl^<l«l't  te«0ij«i»^pmi«.'iw5ii'*^i^ 
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Bleckrode  [Proc.  Boy.  8oc.  xxy.  322)  oonfirms  the  observatioDS  of  Eohlraasch  88 
to  tho  ennrmouB  electrical  resistance  of  simple  chemical  compounds.  He  endeavoured 
to  electrolyse  carbon  di»ulphide,  benzene,  stannic  chloride,  carbon  dioxide,  hydzochloric, 
hjdrobromic,  and  hjdriodic  acid,  cyanogen,  and  dnc-ethyl,  all  in  the  liquid  state, 
with  tlie  current  of  80  Bonsen's  cells,  also  with  De  la  Rue's  silver  ehloride  battery  of 
8040  cells  with  platinum  wires  at  2  to  4  mm.  distance  for  electrodes  ;  but  in  neither 
of  these  cases  were  any  decomposition-products  obtained,  and  only  in  the  case  of  zi:.c- 
ethyl,  after  prolonged  action  of  the  current,  was  an  extremely  feeble  polarisation- 
current  observed.  Liquid  ammonia,  however,  forms  an  exception  to  the  general  rqle. 
It  is  a  slightly  better  conductor  and  is  electrolysed,  and  with  a  strong  current  of  at 
least  80  Bunsen's  coUb  the  liquid  becomes  deep  blue  and  gives  off  a  large  quantity  of 
gas,  while  the  positive  electxx)de  is  blackened.  On  stopping  the  current  the  blue 
colour  disappears.  The  nature  of  the  blue  substance  thus  proidnced  has  not  yet  been 
made  out. 

Conducting  Pofoer  of  Alkaline  and  Earth-alkaline  Chlorides. — The  conducdng 
power  of  these  compounds  in  aqueous  solution  increases  almost  uniformly  with  rise  of 
temperature.  For  all  chlorides  in  dilute  aqueous  solution,  the  temperature  coefficients 
are  nearly  equal,  and  as  the  proportion  of  salt  in  the  solution  increases,  these  co- 
efficients all  at  first  diminish,  those  of  Ed,  NHH71,  and  Bad',  continuing  to  diminish 
up  to  the  higheftt  degrees  of  concentration,  while  those  of  Nad,  Cad'  and  HgCl'' 
attain  a  minimum  betweei^  10  and  20  per  cent,  and  then  again  increase.  The 
chlorides  of  the  alkali-metals  and  earth-alkali -metals  do  not  exhibit  any  pervading 
differences  in  their  electric  conductivity.  It  is  only  on  comparing  the  absolutely 
best  conducting  solutions  of  all  the  salts  fat  a  fixed  temnerature,  say  18^)  that  they 
are  found  to  arrange  themselves  in  the  following  descenaing  order  of  conductivity : 
NH*d,  KCl.  Nad,  Lid,  Cad«,  SrCl*,  Bad«,  UgPl*.  A  maximum  of  conductivity 
below  the  point  of  saturation  is  exhibited  bv  C^d',  Mgd^  and  probablv  Lid ;  in 
the  rest,  the  conducting  power  increases  contmuously  with  the  concentration,  but  in 
various  degrees,  that  of  ECl  increasing  almost  exactly  in  proportion  to  the  concentra- 
tion. The  worst  conducting  chloride  is  Bad^  and  the  best  NHK^l,  which,  in  a  26  per 
cent,  solution,  conducts  half  as  well  as  the  best-conducting  acid,  and  if  saturated  at 
100^  would  probably  equal  the  latter  in  conducting  power.  As  the  concentration 
diminishes,  the  relation  of  the  conducting  power  to  tne  concentration  approaches  a 
limit,  the  so-called  epecifie  oondueting  power  oi  the  body  in  aqueous  solution.  In  the 
chlorides  examined,  tliis  limiting  value  is  nearly  inversely  proportional  to  the  chemical 
equivalent  of  the  anhydrous  salt,  and  still  more  nearly  proportional  to  its  specific 
volume  (Grotrian,  Pogg.  Ann.  div.  1,  216). 

Belafions  between  the  Voltaic  Conducting  Power  and  the  Friction-oonstants  of 
certain  Saline  Solutione. — ^The  temperature-coefficient  of  the  reciprocal  friction- 
constants  varies,  according  to  the  concentration,  in  nearly  the  same  manner  as  that 
of  the  conducting  power ;  and  variously  concentrated  solutions  of  alkaline  chlorides 
of  different  temperatures  but  equal  fnction-constants  have  a  conducting  power  pro- 
portional to  their  percentage  of  salt.  The  influence  of  temperature  b  therefore 
limited  to  the  alteration  which  it  produces  in  the  viscidity  of  the  solution,  that  is  to 
say,  in  the  power  of  the  liquid  particles  to  push  one  another  aside  (Grotrian,  ^nd, 
dvii.  130,  237). 

Electric  Besisfance  of  very  dowly  Conducting  Liguids. — The  unit  of  resistance 
adopted  in  this  investigation  was  that  of  a  concentrated  neutral  solution  (xf  cupric 
sulphate.  Distilled  water  does  not  give  constant  results,  because  the  smallest 
quantities  of  admixed  salts  produce  considerable  alteilitions  (p.  723).  One  sample 
had  a  resistance  equal  to  390,  while  another,  probably  purer,  exerted  a  resistance 
five  times  as  great  Water  containing  in  solution  0*038  per  cent  sodium  chloride 
gave  a  resistance  of  6*4,  and  with  an  equal  quantity  of  sal-ammoniac  a  resistance  of 
40.  The  resistance  of  alcohol  »  13,000,  of  ether  40,000  ;  that  of  carbon  disulphide 
is  much  greater.  The  resistance  of  water  ^890)  sinks,  on  addition  of  0*1  per  cent. 
CdBr'  to  62 ;  of  01  per  cent.  Cud*  to  80 ;  of  6  per  cent.  Cud'  to  1 ;  that  of  alcohol 
on  addition  of  01  per  cent.  CdBr'  to  1,090 ;  of  0*1  per  cent.  Cud*  to  243  ;  of  6  per 
cent  Cud«  to  26  (Oberbeck,  Pogg.  Ann.  civ.  696). 

Betigtanoe  oflAgidde  to  strong  Induction -Cwrrenis. — From  experiments  by  Herwig 
{Pf*gg.  Ann.  clix.  61)  it  appears  that  the  specific  resistance  of  liquids  to  strong 
induction -currents  becomes  smaller,  as  compared  with  the  resistance  of  wires,  when 
the  electro-motive  force  of  the  induction  becomes  sreater,  and  the  transverse  section 
of  the  liquid  and  the  thickness  of  the  layer  are  increased.  This  variation  does  not 
depend  upon  polarisation,  which  indeed  increases  with  the  rapidity  with  which  a  given 
guantit^  of  electricity  passes  through  the  appaWktuB.  TVi^  «^\\«».\!\Q\i  tJl  >^^^  N:«^ 
electricities  iB  retarded  on  their  entrance  into  tlie  A\q^\d,  «(i^  x^NxioaXj^^  \]b^<^  ^^&k.v^ 
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br  a  kind  of  disdiorge.    The  nuxiug  of  Alcohol  utd  water,  of  alouhol  ud  b 
oil.  and  of  ulcohol  nod  eth^r,  ull  whiuh  liquiJi  are  bad  coDducUia  when  ■■ 
attendsd  -vritli  an  JNcreune  of  coDduRtivic;,  a  result  whiuh  ii 
ohflBiTaUoufl  of  KolilniuKh  (p.  723), 

Electric  Coaduclieily  of  Gaata  and  Vitpouri.—k  Beriea  ofBiperimciit*  bw  Ui«  I 
made  by  W.  Hittorf  {fogg.  Ana.  cjuuivl.  1,  197).  showing  the  mat  tnirrMM  of  v»-\ 
docting  power  in  gaaes,  cauMd  bj  nts  of  tomppratnre.  aud  ibe  vorr  hipfl  cvodi 
isg  poHHra  exhibited  b;  Che  Tapourn  of  Cha  alkiili-aietaU  a«  compuad  with  >U  M 
gfisea  at  Ibe  same  temperatiiFa.    In  aoother  aenee  of  eiperimenla  (P'Sff-  Aim.  J 
band,  430),  Hittorf  has  stndied  the  so-called  positive  onipolanty  cf  a«na-| 
which  be  attiibutea  to  a  reuatance  Co  the  tramjmisitioD  of  tbe  GorreDt  itt  the  eat 
which  talcoa  plaice,  though  m  an  inferior  degree,  even  in  «o  good  »  condn«l«r  a 
puCuseium-vapour.    Tho  piuiiage  of  the  spark  betweon  the  terminala  of  a  dmit  maj  I 
bo  greaCty  faoilitaCed  by  eurroundiog  tho  cilhoda  wilh  polaaaiiuji-TapoQr.     Aeooriiaj  "I 
to  Herwig  (.3'ogg.  Ann,  elr.  350],  the  condaoCing  power  of  merenry-Tapoar  or'--'-- 
similai  phanDmena.     This  rapour  indeed  acCo,  not  like  a  matallje  conductdf.  b 
:i,  wiltaic  arc,  and  likewise  eibibiCs  a  resiBtaace  lA  IranamiBsion,  aa  wall  aa  a  did 
ijf  behariour  at  the  poBitire  and  negative  polea.    The  resistance  of  metdu^  n 
in  a  tnba  4  mm.  in  diamoCec  between  colnmna  of  liquid  mecciuj  aa  alactrodea,  \( 
to  about  60,000  Siemens'  mercury- unita. 

According  to  F.  Braun.  on  die  other  hand  (Fogg.  Ann.  clir.  481).  tha  f»<aD*d 
unipolar  condactioa  of  gaasB,  which  takes  place  whoD  the  elacUDdea  are  iutradoMd 
into  a  flame,  may  be  explained,  by  Ihe  BnperpositioD  of  two  carrenta,  ■  Lhanno-cuitwil 
arising&om  the  difiureTice  o!  temperature  whii'h  generally  ocean  at  the  two  eletUoda. 
and  a  contact-current,  due  to  the  anrroundin^  of  the  two  eloctrodaa,  for  the  moat  ptf^ 
by  difbient  liquids.  If  the  laCCcr  predomtnaCes,  a  current  not  exceeding  it  in  elfctto- 
motiTe  force  always  meets  with  leHS  resistanoe  when  ita  direclioD  is  contiaij  U  that 
ef  the  contactrcorrent  (and  generally  also  to  that  of  ihe  entire  flame-carnnt),  tbls 
when  iU  direction  is  tho  same  as  that  of  the  InCCer- 

From  eipeiiments  by  Wiedemann  a.  Riihlmann  {Pogg.  Ann.  czlv.  335,  SC4).  il 
appear*  that  tho  paasage  of  electricity  Ihrough  rarefied  gases  always  take*  oUeeis 
diBCoDtinuons  diachargos.  When  o^ual  quantities  of  electricitj  are  coDTeyed  M  tin 
two  alecuodra,  tbe  interrala  of  time  between  two  successive  diseh&rgvs,  sod  thinfor* 
the  qoantitiea  of  Blectricity  required  to  prodoce  a  discharge,  incroase  with  angmeatad 
pressure,  quickly  st  first,  starting  f^m  the  lowest  preaanres.  then  more  alowiy,  lal 
finally  nearly  in  tho  same  ratio  as  tho  prasimre.  Under  prasaurea  of  80  to  80  mn. 
the  discharges  take  placo  most  quickly  in  hydrogen,  then  in  oiygen,  carbon  dioxide, 
atmospheiic  air,  and  nitrogen.  At  vet^  low  proBanreB,  howeTer,  the  order  of  n 
aion  of  the  laat  four  gases  ia  different,  because  tba  influence  of  the  diminnt 
pressure  is  not  tba  some  in  alL     Sulphur  dioxide  boliaTes  almost  in  iJie  same  i 

From  further  experiments,  Wiedemann  {Pogg.  Ann.  dviii.  35,  253)  infen  Ibsl  chs  J 
passage  of  electricity  between  tbe  particles  of  gases  takes  place  in  the  Baraa  bl 
as  iu  a  row  of  electrified  balls,  two  contiguous  paitidas  beooming  charged  bj  ec 
with  the  same  kind  of  elMtricity,  and  then  repelling  one  another-     If  tho  g 
electrolytically  dscompaaibla,  Ihe  movement  of  iCa  motectilee  may  bo  ai 
a  sepaiabioD,  progression  and  recombination  of  tho  ions.    When  tho  ehi 
Che  velodties.  and  cansoqaently  the  temperature,  are  iocreoaed,  so  that  p^ 
ignition  may  oceoc. 

AecordJug  to  Villari  {N.  Arch.  Ph.  nal.  [2],  iliv.  SS),  the  rBsistunco  of  diffmst 
gasos  more  or  less  compressed  to  the  passage  of  tbe  electric  spark,  exhibit*  da 
following  ascending  order:  hydrogen,  nitrogen,  air,  oxygen,  carbon  dioxide.     Fandaj.    . 
on  the  other  band,  found  the  renstance  of  nitrogen  and  air  to  be  gtsa.t«r  than  thu  i  J 
oxygen. 

Diiptraion  of  EleolrUUy  in  Gaiee.—'Waxhtafr{Pogg.  Aim.  cilr.  578)  Svh  1 
that  tbe  rate  at  which  electricity  escapes  from  charged  bo^ea  in  gaaaa  ia  gnaUf'l 
modified  by  the  influence   of  Che   insulating  support.    When  thia   inflnnioe   ■*' 
climiiisted,  he  found  that  tJie  dispersion  of  electricity  in  gasei  takes  placA  acoadki 
to  Coulomb's  law ;  Chat  is  to  nay,  the  ratio  of  tho  charge  remaining  after  anj  gim 
time  to  tho  Initial  charge  diminishes  to  geomelricnl  progression.     In  dry  carina  I 
dioxide,  and  in  air,  the  dispersion  ia  nearly  equal ;  m  hydrogen,  oolj  half  aa  jpwt  m 
in  these    two   gaeas.     With  diminiafaed   pressure  ic  decreases  canaidoishljr.  and  « 
70  mm.  in  air  it  is  at  most  only  ane-Cbtrd  as  great  as  at  7S0  mm.      Damp  ait  d«a  ■ 
not  appear  to  disperse  electricity  moru  quiciLly  than  dr^  air.     This   resnl^  and  Lilv'  | 

tbuHo  generaUy  tucortei  on  r*o.\onM  »  wfllnsmx.-j ,  -Wcoifa.  w^^tKt  \i 
without  dup.«  regird  Vj  tiit  vnftMence  ol  (ii«"m»;u'n\>^sa.Y'(«*i», 
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The  ditiperbion  of  electricity  in  gases  has  also  been  inyestigated  by  D.  Bobonlieff 
{SUl.  Am.  J.  [3],  vii.  118),  on  the  principles  of  the  dynamical  theory  of  gases,  -with 
the  following  results:  (1).  The  dispersion  takes  place  according  to  Coulomb's  law,  as 
found  expenmentally  by  Warburg.  (2).  The  coefiBcient  of  dispersion  is  inversely 
proportional  to  the  square  root  of  the  absolute  temperature,  and  (8)  directly  pro- 
portional to  the  pressure  of  the  gas.  (4).  This  coefficient  depends  upon  the  nature 
of  the  gas.  The  second  law  is,  in  a  general  sense,  in  accordance  with  an  older  result 
obtain^i  by  Matteucci  {Ann.  Ch.  Phya.  [8],  xzriii.  885,  421),  according  to  which  the 
dispersion  in  dry  air  increases  with  the  temperature.  The  third  and  fourth  law 
have  been  experimentally  verified  by  Boboulien.  The  reciprocal  value  of  the  disper- 
sion-coefficient was  found  to  increase,  between  76D  and  30-50  mm.,  from  210  to  1760, 
and  in  air  and  hydrogen  (under  760  mm.)  it  exhibited  the  ratio  of  210  to  878.  This 
difference  is  considerably  greater  than  that  found  by  Warburg. 

According  to  J.  W.  Fewkes  (9iU.  Am.  J,  [8],  viii.  207),  the  dispersing  power  ot 
gas-fiames  is  independent  of  the  size  and  form  or  the  orifice  and  of  Uie  nature  of  the 
substance  in  which  it  is  made ;  with  unignited  gas-streams,  however,  the  dispersion 
follows  different  laws. 

Bielectrlc  State.  Silent  Blsoliariro*  The  term  dielectric  was  employed 
by  Faraday  (ii.  899)  to  denote  the  electric  condition  of  an  insulator  placed  between 
two  conductors  charged  with  opposite  electricities.  When  the  insulator  is  gaseous, 
and  the  charge  is  strong,  &  silent  discharge  of  electricity  takes  place  between  the  two 
conductors,  called  by  Du  Moncel  the  condensed  dectrio  effltix  (effleuve  ^ectrique  con- 
dens^).  This  discharse  is  capable  of  inducing  ^werfol  chemical  reactions,  as  in 
Houzeau's  ozoniser,  or  tne  similar  apparatus  of  Boillot,  in  which  a  stream  of  oxygen 
is  made  to  pass  between  two  glass  sur&ces  coated  with  a  conducting  material,  the 
two  coatings  being  connected  with  the  opposite  poles  of  an  induction  coil  (2nd  Suppl. 
887).  A  more  powerful  apparatus  for  mvestigating  the  action  of  the  silent  elecmc 
discharge  on  gases  has  been  contrived  by  A.  Th^nanl  (Compt.  rend.  Ixxiy.  1280).  It 
consists  of  three  thin-walled  glass  tubes  placed  one  within  the  other,  the  inner 
cylindric«d  and  the  outer  annular  space  being  filled  with  antimony-hydrogen  chloride, 
which  is  a  good  conductor,  and  into  this  the  poles  of  the  induction  coil  are  inserted. 
The  gas  passes  through  the  annular  space  between  the  middle  and  inner  tubes.  If 
this  gas  is  oxygen,  it  is  quickly  converted  into  ozone.  If  it  consists  of  carbon  dioxide, 
300  cc  of  it  are  decomposed  to  the  amount  of  11  per  cent,  in  16  minutes,  19  per 
cent,  in  56  minutes,  28  per  cent  in  176  minutes,  and  26*16  per  cent,  in  337  minutes. 
If  the  gaseous  mixture  is  traversed,  not  by  the  silent  discharge,  but  by  actual  sparks, 
carbon  dioxide  is  reprodueed  to  the  amount  of  7*5  per  cent.  (A.  Th^naid^. 

When  the  gas  obtained  from  pools  or  marshes,  consisting  chiefly  of  methane  and 
carbon  dioxide  in  about  equal  parts,  is  passed  tiirough  this  apjparatus,  it  decreases  in 
volume  and  deposits  small  drops  of  a  clear  oily^  liquid.  The  induction-spark,  on  the 
other  hand,  produces  in  the  same  gaseous  mixture  an  increase  of  volume,  and  a 
separation  of  carbon  arisixig  from  decomposition  of  the  methane.  If  the  gas  modified 
by  the  spark  be  afterwards  exposed  to  the  silent  discharge,  it  diminishes  in  volume 
twice  as  quickly  as  before,  and  yields  an  oily  deposit,  the  composition  of  which  has 
not  yet  been  tlscertained.  On  filling  the  apparatus  with  3  vol.  hydrogen  and  1  vol. 
nitrogen,  ammonia  is  produced  by  the  action  of  the  silent  discharge,  but  only  up  to 
a  certain  degree  of  concentration,  unless  it  be  neutralised  by  an  acid  as  fast  as  it  is 
formed.  Acetic  acid  is  decomposed  b)r  the  silent  discharge,  giving  off  carbon  mon- 
oxide or  methane,  and  leaving  a  brown  oily  liquid  soluble  in  potash  (f .  and  A.  Th^nard, 
Compt.  rend.  Ixxxvi.  517,  983,  1048). 

Further  experiments  by  the  same  authors  (Und.  1508)  yielded  the  following 
results :  (1).  Tne  electric  effluvium  can  pass  through  aqueoue  vapour,  decomposing  it 
at  the  same  time.  (2).  Ammonia  gas  is  also  decomposed  by  it,  but,  in  the  absence  of 
an  absorbent,  only  to  a  certain  extent.  (3).  Nitrogen,  in  presence  of  aqueous  vapour, 
disappears,  and  forms  a  body  which  appears  to  be  ammonium  nitrite.  (4).  Phoephine 
is  but  imperfectly  decomposed,  yielding  first  liquid,  then  solid  phosphide  of  hydrogen, 
and  finally  a  body  which  appears  to  be  amorphous  phosphorus.  (5).  In  a  mixture  of 
phoephine  and  ethylene,  the  electric  effluvium  gives  rise  to  a  substituted  phoephine. 
(6).  Methylene  monohydrate  in  presence  of  water  is  converted  into  methane,  hydrogen, 
a  strong  acid  soluble  m  water,  and  a  ^sinous  body. 

A.  Boillot  (Compt.  rend.  Ixxvi.  638,  869),  witn  an  apparatus  similar  to  that  of 
Th^nard,  but  with  pulverised  retort-charcoal  as  the  electrode  substance,  has  found 
that  sulphur-vapour  and  oxygen,  which,  when  not  subjected  to  electric  infiuence,  yield 
sulphur  dioxide  and  a  small  quantity  of  the  trioxide,  yield,  under  the  influence  of  the 
electric  discharge,  a  considerable  quantity  of  sulphur  trioxide.  Sulphur-vapour  and 
pure  hi/dro^en,  which  ordinarily  do  not  act  on  one  anoWieT,  Vmm^^^xA^  ^\A^J>k3^s««». 
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sulphide  under  the  influence  of  the  electric  effluvium.  For  the  production  of  owMtt 
atmospheric  air  appears  to  be  better  adjipted  than  pure  oxygen,  the  presence  of  the 
nitrogen  probably  retarding  the  reconversion  of  the  ozone  into  ordinary  oxygrn. 

The  formation  and  decomposition  of  binary  compounds  under  the  inflnenc»  of  the 
silent  discharge  has  also  been  studied  by  fierthelot  (Cornet,  rend.  Ixxxii.  12&1, 
1360 ;  Ixxxiii.  677,  933).  When  nitrogen  and  hydrogen  combine  under  this  influeoe*, 
not  more  than  3  per  cent,  of  the  gases  is  ever  converted  into  ammonia,  whereat  tht 
proportion  of  ammonia  gas  decomposed  under  the  same  circumstance*  is  likeviis 
3  per  cent,  (and  therefore  6  per  cent,  of  the  original  gases).  ^Urogen  mMOxtds  is 
for  the  most  part  decomposed  in  a  few  hours,  the  greater  nart  of  uie  oxygen  beiog 
absorbed  by  the  mercury ;  the  nitrogen  is  not  re-oxidised.  From  nitrogen  diox%ii 
part  of  the  oxygen  is  separated  in  the  free  state,  another  considerable  portion  being 
converted  into  monoxide.  Hydrogen  sulphide  is  resolved  into  hydrogen,  a  polyral- 
phide,  and  free  sulphur,  according  to  the  equation 

8SH»  «  TB?  +  H«S«  +  (8-*)S. 

Hydrogen  selenide  decomposes  in  a  similar  way.  Phosphine  is  decomposed  accord iaz 
to  the  equation  2PH*  =  6H  +  P^H.  The  fluorides  of  boron  and  silicon,  gaseous  ehlor*:." 
and  bromine  are  not  altered.  Sulphur  dioxide  is  decomposed  to  the  amount  of  on- 
tenth  into  oxygen  and  sulphur  insoluble  in  carbon  sulphide.  Cyanogen  ia  quieklv 
converted,  into  paracyanogen.  The  decomposition  of  carbon  monoxide  yielded  the 
brown  suboxide  C^0»  discovered  by  Brodie  (2nd  8uppl,  .269):  6CO-C0»+C«0». 
This  oxide  is  an  amorphous  substance  having  the  appearance  of  an  extract,  and  an 
acid  reaction  ;  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  It  forms  biowB 
amorphous  precipitates  with  silver  nitrate  (without  reduction),  lend  acetate^  and 
baiyta-water.  Heated  to  800°-400^  in  an  atmosphere  of  nitrogen,  it  decompoM 
according  to  the  equation  SC^O' »  2C0*  •«- 2C0  •«- (^0*,  yielding  a  new  dark  brova 
oxide  which  decomposes  at  a  higher  temperature,  witii  formation  of  an  oxygeniisd 
charcoal.  Methane^  ethylene,  and  ethane  yield  small  quantities  of  acetylene,  together 
with  free  hydrogen  and  resinous  hydrocarbons.  With  methanet  an  odour  of  tnrpentiM- 
oil  is  evolved.  With  ethylene,  a  liquid  product  is  obtained  having  the  empirical  fonaali 
GsoH'*-',  together  with  ethane.  Pure  ethane,  on  the  other  hand,  yields  small  quantities 
of  acetylene  and  ethylene. 

Another  method  adopted  by  Berthelot  for  electrifying  gases  consists  in  eoeloBitg 
them  in  glass  tubes  coated  inside  and  out  with  platinum,  and  therefore  forming  Haall 
Leyden  jars.  The  inner  coating  of  one  such  tube  was  connected  with  the  positive, 
and  that  of  another  with  the  negative  pole  of  a  Holtz  machine,  the  two  outer  eoatings 
of  the  tubes  being  connected  together,  so  that  when  sparks  were  passed  between  the 
poles,  the  two  tubes  were  alternately  charged  and  discharged,  the  one  with  poeitiTe, 
the  other  with  negative  electricity.  Oxygen  subjected  to  the  action  of  this  apparatot 
yielded  ozone  in  variable  quantity,  rather  laiger  with  positive  than  with  negatire 
electricity.  After  twelve  hours'  electrisation,  the  ozone  obtained  amoimted  to  8-8*5 
pcAr  cent,  of  the  original  quantity  of  oxygen.  By  absorbing  the  ozone  with  anenioi» 
acid,  the  whole  of  the  oxygen  may  be  gradually  converted  into  oeone.  It  is  only, 
however,  with  strong  electric  tensions,  as  with  sparks  a  centimeter  long,  that  thess 
large  quantities  of  ozone  can  be  obtained ;  with  smaller  tensions  the  amount  is  much 
less.  Compounds  of  nitrogen  with  oxygen  could  not  be  obtained  in  this  appsxatas 
either  with  moist  or  with  dry  mixtures  of  the  two  gases.  But  nitrpgen,  either  pare 
or  mixed  with  oxygen,  is  absorbed  under  the  influence  of  the  silent  dia^arge^  by 
many  organic  bodies,  either  at  high  or  at  low  tensions.  The  fixation  of  the  nitMJgeo 
is  most  readily  effected  by  moist  filtering  paper,  less  readily  by  ether,  still  leas  fay 
benzene.  The  products  are  fixed  complex  nitrogenous  compounds,  but  neither 
ammonia  nor  any  acid  of  nitrogen  is  formed  under  these  circumstances.  The  eieetxic 
tension  required  to  bring  about  these  reactions  is  not  greater  than  that  i^ch  fre- 
quently exists  between  strata  of  the  atmosphere  not  far  from  the  ground,  so  that  we 
have^  here  perhaps  an  explanation  of  the  fixation  of  nitrogen  in  natve,  without 
previous  formation  of  ozone,  ammonia,  or  nitrous  compoimds.  Hydrogen  under 
simiiar  conditions  is  even  more  readily  absorbed  by  certain  organic  substances. 
Thus  1  c.c.  of  bensene  will  take  up  250  c.c.  of  hydrogen,  and  turpentine-oil  likeviss 
absorbs  the  gas  freely.  AcetyUne  mixed  with  hydrogen  absorbs  a  portion  of  it^ 
yielding  various  products.  The  electrified  hydrogen  does  not  combine  with  pint 
carbon,  but  a  mixture  of  hydrogen  and  carbon  monoxide  yields  a  solid  product  and 
carbon  dioxide,  together  with  a  trace  of  acetylene  and  a  hydro-carbon  belonging  to 
the  paraffin  scries  (see  Htdbo-carbons). 

SXiSMSirrS.     On  the  Nature  of  the  Chemical  Elements,  see  Casp.  Simmen 
(Jahrcsb,  f.  Chem,  \%10,  ^^•. 'B^cwkvVwjv^t  VBc«t.  Clwnn.  G«.  Btr^xi^  ^%i^JaJ^esk 
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dea  kements  de  la  Chemiei  Haarlem,  Leipzig,  1875,  1-109 ;  also  Dmtt.  Chem.  Ge3.  Ber. 
T.  626,689,764;  yi.  619,623,704,  1079,1296,  1364;  Arch,  neerl.  1873,  viii.  41; 
1874,  ix.  193).    On  the  Spectra  of  Elementary  Bodies,  see  Spxctral  Analysis. 

The  idea  of  a  periodic  relation  between  the  atomic  weights  of  the  elementary 
bodies  and  their  quantivalence  and  other  properties,  develop^  by  Mendelqeff  in  the 
manner  already  described  (2nd  Suppl.  462),  was  first  suggested  by  J.  B.  Newlands  in 
1864  {Chem,  News,  x.  94). 

MLMMfOLm  A  my  r  in,  the  principal  constituent  of  this  resin  (according  to 
Fliickiger),  has  lately  been  examined  by  £.  Bori  (N.  Rep,  Pharm,  xxv.  193).  It 
occurs  in  elemi  in  microscopic  prisms  which  may  be  separated  from  the  other  con- 
stituents by  treatment  with  cold  alcohol,  in  which  it  is  insoluble ;  and  by  repeatedly 
crystallising  the  residue  from  hot  alcohol,  the  amyrin  is  obtained  in  spherical  groups 
of  colourless  needles  haying  a  silky  lustre.  It  is  insoluble  in  water,  but  dissolres 
easily  in  carbon  sulphide,  ether,  and  chloiroform.  100  pts.  of  alcohol  at  16°  dissolve 
3' 627  pts.  of  amyrin.  Strong  sulphuric  acid  dissolyes  it  with  reddish  colour ;  melting 
potash  has  no  action  upon  it.  A  solution  of  amyrin  having  a  temperature  of  16^,  a 
sp.  gr.  of  0*8266  at  that  temperature,  and  a  length  of  200  mm.,  turns  the  plane  of 
polarisation  of  the  yellow  ray  (sodium  line)  through  an  an^le  of  4*6°  to  the  right. 

Amyrin  melts  at  177°,  and  does  not  solidify  again  till  cooled  to  a  much  lower 
temperature.  When  very  careftiUy  heated,  it  sublimes  in  long  thin  needles,  but  the 
yield  is  very  small.  Dried  at  100°,  it  gives  by  analysis  83*31  to  83*77  per  cent, 
carbon  and  11*39  to  11*81  hydrogen,  the  formula  G"H^O  requiring  83*30  C, 
11*73  H.,  and  4*47  0.  According  to  Fluddger,  its  composition  is  C^H'^O  » 
((^•H»«)«.H«0. 

Products  of  Dry  DisiUlation. — Amyrin,  heated  in  a  retort,  melts  and  decomposes, 
giving  off  at  200^  a  thin,  oily,  yellow  distillate,  which  becomes  thicker  as  the  tem- 
perature rises.  On  subjecting  this  liquid  to  fractional  distillation,  the  temperature 
rose  from  60°  to  200°,  without  giving  products  of  constant  boiling  point.  The 
following  fractions  were  separated : 

The  fraction  boiling  at  60^-70°  formed  a  colourless  liquid  lighter  than  water, 
almost  tasteless,  and  having  a  pleasant  smell ;  it  gave  by  analysis  83*13  to  83*47 
per  cent,  carbon  and  14*60  to  14*76  hydrogen.  This  portion  of  the  distillate  after- 
wards proved  to  be  a  mixture  of  a  body  soluble  in  water,  and  another  which  was 
insoluble.  The  solution  gave  iodoform  with  iodine  and  potash.  The  undissolved 
portion  was  perfectly  tasteless,  while  the  soluble  portion  gave  to  the  water  an  aromatic 
taste  and  pleasant  smell.  The  former  dissolved  iooine  with  a  raspberry-red  colour,  while 
the  original  solution,  before  treatment  with  water,  dissolved  iodine  with  the  colour  of 
alcoholic  tincture  of  iodine.  The  higher-boiling  liquids  were  shaken  up  with  potash, 
whereby  a  small  quantity  (more  especially  that  distilling  over  between  201°-280°) 
was  dissolved.  After  the  alkaline  solution  had  been  acidified  and  distilled,  a  colourless 
watery  liquid  was  obtain^,  together  with  a  few  drops  of  a  yellow  oil,  smelling  like 
creosote,  and  dissolving  but  slightly  in  water,  readily  in  potash  and  alcohol.  The  filtered 
aqueous  solution  gave,  with  ferric  chloride,  at  first  a  light  blue  colour,  then  turbidity 
with  disappearance  of  colour.  With  chlorine  and  bromine-water,  a  white  turbidity 
was  formed.  Sodium  thiosulphate  formed  a  floccnlent  precipitate.  Mercnrous  nitrate, 
after  a  short  time,  gave  a  bliM^k  precipitate,  and  nitric  add  produced  a  large  quantity 
of  oxalic  acid. 

The  fraction  distilling  at  186°-200°  was  a  yellow  thin  liquid,  sparingly  soluble  in 
water,  with  pleasant  smeU  and  aromatic  taste,  and  giving  by  analysis  81*66  per  cent. 
C,  11*47  H.,  and  6*68  0. 

The  fraction  distilling  at  260°-280°  was  a  gplden-yellow  thick  liouid,  with  slight 
smell  and  sharp  taste,  insoluble  in  water,  and  giving  84*40  C,  11*66  H.,  and  4*04  0. 

Above  300°,  a  thick  brown  liquid  distilled  over.  The  yellow  powder  observed  at 
the  end  of  the  distillation  consisted  of  three  different  bodies,  which  could  not  be 
separated  and  purified. 

Action  qf  Nitric  Acid  on  Amyrin. — ^Boiling  nitric  acid  forms  with  amyrin  a  clear 
yellow  solution,  which,  after  evaporation,  leaves  a  yellow  mass.  This  mass  gives  an 
acid  solution  in  water,  as  it  contains  oxalic  acid.  It  reduces  Fehling^s  solution  when 
warmed.  The  greater  part,  however,  is  not  soluble  in  water ;  it  forms  a  resin-acid, 
which,  when  boUed  with  alcohol,  deposits  a  yellow  powder  on  cooling.  Dry  hydro- 
chloric acid  gas  does  not  act  on  amyrin,  either  alone  or  dissolved  in  chloroform. 

Action  of  Bromine, — Bromine  acts  very  strongly  on  solid  amyrin,  forming  a  blackish- 
green  mass,  with  strong  evolution  of  hydrobromic  acid.    A  cold  saturated  alcoholic 
solution  of  amyrin,  treated  with  an  excess  of  bromine,  deposited  after  several  hours  a 
yellow  precipitate  which,  when  recrvstallised  from  hot  alcohol,  formed  a  colourless 
indhftinctly  cryBtaHine  powder,  melting  with  decomposyViou  «i^i\^Q^. 
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Tlio  analysis  of  this  body  gave  29*82  to  30*10  per  cent,  bromine.  59-58  :<>  .'S-v 
carbon,  and  7*95  to  8' 17  hydr^n,  numbers  which  may  be  represented  appfijziBMf^ 
by  either  of  the  formulae,  C«H"Bi*0  and  C«H»Br"0.  the  former  regniring  frvo;  pi 
cent.  C,  7-89  H.,  3004  Br.,  and  2-00  0. ;  the  latter,  69-08  C,  8-11  H.,  2996  &^u 
2*00  0.    The  formation  of  these  compounds  may  be  represented  bj  the  eqDatioiQi:^ 

8C»H«0  +   30Br  «   5C*H"Bp»0   +    15HBr    +    3HK). 
8C"H«0  +   20Br  =  6C«H"Br"0   +    6HBr      +    3H«0. 

Acetyl-amyrint  C°H^'(CH'0)0.  is  fonned  by  heating  amyrin  to  150^  i: . 
Roalf^  tube  for  several  hours,  and  is  obtained  by  erystallisin^  the  product  from  bs 
alcohol,  in  white  micaceous  lamins.  It  melts  at  198^,  and  solidifies  at  a  few  dopki 
lower.  It  is  less  soluble  in  alcohol  than  amyrin,  lOO  pts.  of  alcohol  at  18^  dinolria 
0-473  pts.  of  it.  Its  analysis  gave  80'71  to  81*23  per  cent.  C,  and  10*90  to  l(*-97  £ 
the  formula  CH^^O*  requiring  81  C,  11  H.,  and  8  O. 

The  crystallisable  resin  of  elemi,  insoluble  in  cold  alcohoL  analysed  by  H.  Bmi. 
Hess,  Johnston,  and  others  (ii.  482)  is  doubtless  identical  with  amyrin,  thaa^  th 
melting  point  (149^)  found  by  Johnston  seems  to  show  that  his  product  wsf  inpsi. 

Brean,  from  icica  or  incense-resin,  the  produce  of  the  Hyana  or  Zncense-otf  rf 
British  Guiana,  and  masopin,  from  the  Dsckilte,  a  tree  growing  in  Haia 
agree  very  nearly  in  composition  with  amyrin  ;  but  their  melting  points  ar«  lover ftn 
that  found  by  Buri  for  amyrin,  brean  melting  at  106^,  and  masopin  at  155^  (Gmmt 
Handbook,  English  Edition,  xrii.  421,  422). 

Icacin,  the  ciystalline  resin  lately  obtained  by  Stenhonse  and  Groves  fna  icci 
resin — which  they  regard  as  a  variety  of  elemi — bears  a  great  resemblance  to  tvjm 
•Stenhouse  a.  Groves  assign  to  it  the  formula  C*'H^O,  but  Buri  supposes  that  il  uj 
have  the  composition  C^H'^0  »  (C^H*)*.HH),  analogous  to  that  of  amyrin. 

Bryoi'din.  This  substance,  originally  described  by  Banp  as  a  ooostitvaB  rf 
arbol-a-brea  resin  (i.  354),  has  also  been  obtained  by  Fluekiger  (Al  J?^.  Pkerm)bm 
elemi.  The  resin  is  exhausted  with  spirit  of  22  per  cent.,  the  extract  recxTftilM 
from  spirit  of  the  same  strength,  then  distilled  with  water  to  remove  essential  oiL  ai 
the  remaining  resin  is  extracted  with  hot  alcohol^  whereby  the  dystallisable  tm 
(am^n)  is  separated  from  the  amorphous  resin,  the  former  crystaUifliag  otf  ■ 
cooling,  while  the  latter  remains  dissolved  in  the  alcohol. 

Pure  biyoidin  crystallises  in  shining  prisms,  melts  at  135^-136°,  sablxnMi  escb: 
dissolves  in  alcohol,  carbon  sulphide,  chloroform,  ether,  acetic  acid,  eleau-oiLai! 
glycerin,  and  sparingly  in  water.  Dry  hydrochloric  acid  gas  turns  it  first  nd.  eke 
violet  blue,  and  green,  the  mass  at  the  same  time  becoming  liquid.  Floeldger  saialin 
leads  to  the  formula  2C>»H'«  +  8H«0. 

According  to  Fliickiger,  the  constituents  of  elemi  form  the  following  serin* 

Essential  oil C'«H" 

j                                          Amyrin 2C'«H"  +  flO 

f                                            Amorphous  rosin 2C?*H"  +  2HV 

[                                            Bryoi'din 2C*»H"  +  3ffO 

f  BZiZiAOBn.    See  the  next  article. 

;  BUbAOZO  AOZB,  C>«H*0*.    On  the  formation  and  conatitutioB  of  thii  w^ 

and  its  rehitions  to  tannic  acid,  see  TAinnc  acid  {2nd  SuppL  1143). 

BertvaUwes  of  SUaglo  Acid  (Rembold,  Deut.  Ckem.   Ges.  B«r.  viil  U^' 
i  1.  El  la  gene,  C'^H",  is  formed  when  ellagic  acid  is  heated  to  low  redaea  vitJi  of 

dust,  and  passes  over  first  as  a  colourless  distillate,  solidifying  in  laminated  vmme^ 
which  melt  at  88°  and  begin  to  boil  at  252°.  This  substance  diasolres  in  fii^^ 
acetic  acid,  benzene,  ether,  and  alcohol,  forming  solutions  which  are  not  fliKwai'ei! 
In  a  current  of  hydrogen  it  begins  to  sublime  at  60**.  Analysis  of  the  body  Asi  * 
dittermination  of  its  vapour-density  show  that  it  is  a  hyiuoearboB  of  the'fto^'i 
above  given.  It  is  therefore  isomeric  with  phenanthrene  (and  with  toJast  "* 
anthracene),  from  which  it  differs,  howeyer,  in  melting  and  boiling  points.  Cilb 
phenanthrene  it  is  not  attacked  by  cliromic  or  picric  acid. 

Ellagcno  is  accompanied,  towards  the  end  of  the  distillatioo  of  cUagic  adl  ^J ' 
rod  body,  ^vhich  solidifies  as  an  amorphous,  translucent,  brittle  mass.  »^rajs( 
66'^  70^,  and  boiling  aliove  3G0°.  This  Hu1>8tance  appears  to  be  polTnwro  "^ 
oll.-i^onc,  sin(>p  it.  is  always  formed  in  tho  distillation  of  that  body,  anohas  Uf  •»' 
]XTcr>ntag()  c*on) position.  It  di*«solvc!<  in  the  same  liquids  as  ellageae.  The  nte^t 
in  benzen*^  is  fiuoroscent. 

*Jl.  H\\5o-Y\yCLto-^»AVAVJ.^^'  -^^^'id,  C"H*CV»,  is  formed,  together  with  no  nrso.»- 
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Bodium-amalgam.  The  latter  body  is  easily  soluble  in  water,  and  gives  a  dirty  browo 
coloration  with  ferric  chloride ;  rufo-hydro-ellagic  acid  is  less  soluble.  Both  are  taken 
up  by  ether  from  the  alkaline  liquid  in  which  they  are  formed. 

Rufo-hydro-ellagic  acid  forms  colourless  crystals  melting  at  300^«  but  previously 
undergoing  alteration.  It  dissolves  in  alcohol  and  water ;  the  aqueous  solution  soon 
acquires  a  dirty  colour  in  the  air.  It  is  distinguished  from  ellagic  acid,  and  from 
other  hydro-derivatives,  by  giving  with  ferric  chloride  first  a  green,  then  a  wine-red 
coloration,  changing  to  brown  in  the  air.  When  dried  at  160^,  it  appears  to  have  the 
composition  C'^H*0'.  It  is  easily  oxidised  by  alkalis.  Heated  to  100^  with  acetyl 
chloride,  it  yields  a  product  which  appears  to  be  the  diacetyl-derivative. 

3.  Glauco-hydro-ellagic  acid,  C*^H'*0',  is  formed  by  the  further  action  of 
sodium-amal^m  on  the  brownish  residue  left  on  evaporating  the  ethereal  solution  of 
the  two  bodies  above  mentioned.  It  crystallises  in  greenish-yellow  sillEy  needles 
soluble  in  alcohol,  and  gives,  with  ferric  chloride,  first  a  blue,  then  a  green 
coloration. 


CO  £LOTD,  G><H>«0>«  (J.  Lowe,  Zeiisckr.  Anal.  Chem.  1875, 
86).  This  acid,  differing  from  gallotannic  acid  by  addition  of  1  atom  of  oxygen,  is  con- 
tained in  Divi-divi  and  in  Myrobalanas,  the  fruits  of  several  species  of  Terminalia 
growing  in  India.  The  acid  prepared  from  divi-divi  ^ods  dries  up  over  sulphuric 
acid  to  a  brownish,  amorphous,  fissured,  easily  spbtting  mass,  which  may  be 
triturated  to  a  yellowish  |x>wder.  After  prolonged  drying  over  sulphuric  acid  or  at 
100°,  it  has  the  composition  above  given.  Its  lead  salt  precipitated  from  the  alcoholic 
solution  of  the  acid  by  a  hot  alcoholic  solution  of  lead  acetate,  washed  with  alcohol, 
and  dried  at  100®,  has  the  composition  20"H'»0««.6PbO. 

The  acid  does  not  exhibit  any  striking  characters  with  reagents ;  it  precipitates 
gelatin,  albumin,  alkaloids,  and  tartar-emetic ;  gives  with  lead-acetate  a  greyish-yellow, 
with  iron  acetate  a  nearly  black,  and  with  onpric  acetate  a  light-brown  precipitate. 
Its  most  characteristic  property  is  the  ease  with  which  it  is  converted  into  ellagio 
acid,  from  which  it  differs  by  the  elements  of  1  moL  water  [2  mols.  according  to  Lowe, 
who  represents  ellagic  acid  by  the  formula  G'^H'C].  On  heating  its  solution  in 
presence  of  the  smallest  possible  quantity  of  air  in  sealed  tubes  placed  in  a  salt-bath, 
the  liquid  becomes  turbid  after  two  hours,  and  deposits  after  several  days  a  copious 
brown  precipitate  of  ellagic  acid,  which,  by  washing  with  hot  w^ter  and  hot  alcohol, 
IS  converted  into  a  light-yellow  powder.  Lowe  mclines  to  the  opinion  that  the 
eUagic  acid  formed,  together  with  gallic  acid,  by  heating  gallotannic  acids  with  dilute 
acids  (ii.  766),  is  due  to  a  contamination  of  the  gsllotannic  acid  with  the  acid 
0'*H**0** ;  for,  according  to  his  observations,  pure  gallotannic  acid  does  not  yield  a 
trace  of  ellagic  add. 

r.    See  Taitnik. 


rATZOWS.    See  Gasbs,  Volcanic, 

See  Bbbtl  (p.  323). 

L  A  variety  of  margarite,  accompanying  the  corundum  of  North 
Cftxolina.  Composition,  SiO'  82*41,  AlK)*  51-31,  CaO  10-98,  NaH)  2-43,  H'O  218 
(J.  L.  Smith,  Sm.  Am,  /.  [8],  vi.  184). 

SamTZWa  Ul,  Glenard,  Compt.  rend.  Ixxxi.  100).  The  solution  obtained  by 
treating  ipecacuanna  with  cold  water  containing  sulphuric  acid  yields,  when  mixed 
with  excess  of  lime,  a  precipitate  containing  emetine,  which  may  be  dissolved  out  by 
ether.  On  evaporating  the  ethereal  solution  to  dryness,  treating  the  residue  with 
acidulated  water,  and  Uie  solution  so  obtained  with  ammonia,  the  emetine  is  precipi- 
tated almost  colourless,  and  much  nearer  to  purity  than  the  product  obtained  l^  uie 
ordinary  method. 

When  water  acidulated  with  hydrochloric  acid  is  used  to  remove  the  emetine  from 
the  ethereal  residue,  the  solution,  on  evaporation,  yields  crystals  of  emetine  hydro- 
chloride, which  may  be  obtained  pure  by  recrystallisation,  and  yield  perfectly  pure 
emetine. 

Emetine  decomposes  ammonium  chloride— a  property  also  possessed  by  quinine. 

Emetine  and  its  hydrochloride,  dried  at  110®,  have  the  following  centesimal 
composition : — 

0  H  N  O  Cl 

Base        .        .     72-25  861  5-36  13-78  — 

Hydrochloride.     68*00  815  4*75  11*64  12-46 

These  numbers  lead  to  the  formulae  G»«H"N«0*  and  C~H««NH)«.2Ha.  According 
to  J.  Lefort  and  F.  Wurts,  on  the  other  hand  {Compt  rend.  Ixxxiv.  1299),  emetine 
Juu  the  formula  C**H^NH>;  and  its  nitrate  C»*E**1S*0*.^Cyia.  \  WV.  ^  xtfi  ww^^xXoik. 
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numbers  are  given  in  the  paper  just  cited,  it  is  impossible  to  say  whether  the  Iam  ii 
r>uppos€d  to  contain  8  or  6  atoms  oxygen. 

Deteciian. — A  trace  of  emetine  brought  in  contact  with  chlorinated  lime,pteCeiiUj 
oiaified  with  a  weak  acid  to  liberate  ^e  hypochlorons  acid,  gires  a  bright  ocmngs  cr 
Itiuion-yellow  coloration.  A  few  drops  of  a  solution  of  1  part  of  emeftine  in  1000 
parts  of  water,  when  evaporated  to  dr^ess,  readily  produce  the  ooloration,  and  the 
colour  is  still  perceptible  with  a  solution  containing  1  part  of  the  alkaloid  in  6000 
parts  of  water.  The  reaction  is  well  adapted  as  a  means  of  detactiiig  emetiae  ia 
forensio  analysis,  and  of  testing  the  value  of  the  various  spedea  of  ipeeaevaaLA. 
Emetine  can  be  very  easily  isolated  from  complicated  oiganie  sabetanees  by  amylk 
alcohol,  chloroform,  benzene,  and  petroleom-benzin  in  an  alkaline  aolatioo  (F.  B. 
Power,  Pharm.  J.  Trans.  [8],  viii.  844). 

Estimation  in  Ipecacuanha. — 15  grams  of  ipecacuanha  powder  are  treated  with  U 
drops  of  dilute  sulphuric  acid,  and  so  much  alcohol  (86  per  cent.)  as  to  make  thi 
volume  up  to  150  c.c.  After  24  hours,  100  c.c  of  the  filtered  liquid  are  eraposatei 
until  the  alcohol  is  driven  off,  and  the  liquid  is  titrated  with  atandard  potaan> 
mercuric  iodide  solution,  prepared  by  dissolving  13*646  grams  of  mercnxic  ddonde 
and  49-8  grams  of  potassium  iodide  in  1  litre  of  water.  1  cc  of  this  eolntioD  pcedn- 
tates  ysisc^^  V^^  of  ^o  equivalent  of  emetine.  The  final  pomt  in  the  titratioD  is  de- 
termined by  filtering  a  few  drops  of  the  solution  containing  emetine  into  a  wateh-gim 
placed  on  black  paper,  and  adding  a  drop  of  the  standard  solution.  Kot  the  slightest 
turbidity  should  appear  if  the  reaction  is  at  an  end.  The  number  of  cubic  centimetai 
used  ie  to  be  multiplied  by  '0189,  i.e.  by  the  is^th  part  of  the  equivalent  of  emetine 
(Zinoffiky,  ibid.  iii.  442). 

BlItOBZir,  C^^H>*0>.  This  constituent  of  rhubarb-root,  discovered  by  De  la 
Hue  a.  Muller  (ii.  485),  is  obtained  in  small  quantity,  together  with  chiysophaine 
acid,  by  exhausting  the  root  with  benzene.  Several  uialyses  of  it  have  bees 
published,  but  its  constitution  has  not  hitherto  been  satis&ctorily  made  out  Kov 
Liebermann  finds  that,  when  heated  with  sino-dnst,  it  yields  about  a  fourth  of  in 
weight  of  a  hydrocarbon  much  resembling  anthracene  in  its  mode  of  sublimation  and 
crystallisation,  also  in  solubility  and  the  character  of  its  picric  add  compound,  ha 
melting  at  205^  like  somewhat  impure  anthracene,  and  yielding  by  oxidation  with 
chromic  acid  a  white  compound,  convertible  by  heating  with  strong^  smlphurie  sod 
into  a  sulpho-acid  which  when  fused  with  potash  ffives  the  reaction  of  aliaiii. 
These  reactions  might  lead  to  Uie  condusion  that  emo£n  is  an  anthracene  deriiatiiSk 
in  fact  trioxyanthnquinone,  isomeric  with  pulpurin,  G'^H*0*;  but  the  white  subsftaaee 
formed  b^  oxidising  the  hydrocarbon  above  mentioned  witli  chromic  add,  diflen  froa 
anthraqumone  in  being  partially  soluble  in  ammonia,  the  solution  when  mixed  with 
hydrochloric  acid  depositing  an  acid  compound  in  white  gelatinous  flodca.  The 
residue  insoluble  in  ammonia  yields  by  oxidation  afresh  quantity  of  this  add,  bat  the 
conversion  is  never  quite  complete,  a  small  residue  being  ultimately  left  consistii^g  of 
anthraquinone. 

The  acid  thus  formed  is  anthraquinone-carbonic  add,  C'*H^O*.CK>'H,  and  iu 
formation  by  oxidation  of  the  hydrocarbon  obtained  from  emodin  shows  that  this 
hydrocarbon  consists,  not  of  anUiracene,  but  of  methyl-anthracene,  C'*H'*  »  C>*fl*.(7H*: 

C'«H*.CH»  +   802  =  2H«0  +  C>«H'|q^^. 

The  anthraquinone-carbonic  acid  thus  obtained  melts  at  280^,  sublimes  withost 
decomposition,  and  dissolves  in  alkalis,  the  solution,  on  addition  of  a  slight  excess  of 
potash  or  soda,  depositing  the  alkali-salt  in  flocks.  The  add  is  in  fact  identical  vitb 
that  already  described  (p.  113). 

Emodin  is  therefore  a  derivative,  not  of  anthracene,  but  of  methyl-anthracene,  sod 
its  constitution  is  that  of  a  trioxymethyl-anthraquinone, 

rCH> 

l(OH)> 

This  formula  agrees  well  with  the  published  analyses  of  emodin,  viz. : 

Dc  la  Rue  a.  GUcnktodkr 

Mttller  Ilochleder  Skianp  liiebermann      C*'H*nr 


Carbon.  .  66-69  66-67  66-63  66-47  66-89  66-05  6680  66  67  66-67 
Hydrogen  .  407  41 3  429  4*27  3*93  404  3-93  380  870 
Oxygen  .  29-24  29*30  2908  29*26  3028  29*91  29*27  29*53  39-61 
Tho  cowposvliou  o^  CTnQ^\w>^u^  t«\x^Xv^\^v(\d\<!a.tas  its  analogy  to  chrysophanic 

add,   whicVi,  us  b\\o\^*u  \>^  lAt>>ettMVTai  k,  Y\^bs^cv«t  Vc^.  >^'5J\^  N?^   "^  ^x^-sr^^^^Js^ 

anthraquinono. 
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Liebermann  a.  Waldstein  {DetU.  Chem.  Ges,  Ber,  ix.  1775)  have  obtained  emodin 
from  the  bark  of  Bhamnus  Jran^ula, 


If  3Ca%.AB%*.  This  mineral,  usually  regarded  as  rare,  is  found 
somewhat  abundantly  in  the  granitic  formation  of  Southern  Utah,  sometimes  as- 
sociated with  octohedral  pyrites,  and  occurring  both  massive  and  in  brilliant  ortho- 
rhombic  crystals  sometimes  6  or  6  mm.  long.  Combination  ooP  .  OP  .  gd^oo  .  oo^oo . 
Sp.  gr.  4*861  in  £nigments,  6*11  solid,  which  is  somewhat  higher  than  that  of  the 
Peruvian  variety  (analysis  a).  In  other  parts  of  the  same  formation,  enargite  oc6ur8 
in  broad  laminated  masses,  associated  with  calcite,  and  quite  free  from  pyrites  and 
antimony  (SiUiman,  American  Journal  of  Science^  [3],  vi.  126). 

Enargite  occurs  also  in  the  clay  slate  of  the  Sierra  de  Famatina  in  the  Province 
la  Bioja  of  the  Argentine  Bepublic,  in  radio-laminar  or  granular  masses,  often 
alternating  with  layers  of  iron  pjrritcfi,  and  forming  the  principal  part  of  the  vein.  It 
is  but  rardy  crystallised,  exhibiting  in  that  case  the  combination  ooP.OP,  often  united 
in  twins,  the  fiice  of  combination  heing  parallel  to  gdP.  Cleavage  perfect  parallel  to 
ooP.  Iron-black,  often  with  a  steel-blue  tarnish  on  the  crystalline  faces,  and  bright 
metallic  lustre. 

An  antimonial  variety  of  enargite,  called  Famatiniie,  is  found  in  the  same 
locality,  usually  massive  and  imbedded.  Sp.  gr.  »  4*39  —  4*69;  hardness  «  3*5 
(Stelzner,  Jahrb.f.  Mtn.  1874,  537). 

The  following  are  analyses  of  those  minerals :  a,  Enargite  from  Utah,  analysed  by 
Dana,  b,  Enargite  from  the  Famatina  range,  o.  The  same,  with,  deduction  of  the 
matrix.    <2and«.  Famatinite. 


B 

As 

Sb 

Ca 

Fe 

Zn 

Pb 

Aa 

Matrix 

a. 

84*35 

17*20 

0*95 

46*94 

loe 

— 

— 

—      - 100*60 

b. 

29*92 

16*11 

2*44 

46*38 

1*18 

0*43 

0*68 

0*18 

2-68      ->  100 

c. 

80*74 

1655 

2*51 

47-65 

1*22 

0*44 

0*70 

0*19 

—      «100 

d. 

29*28 

4*05 

20-68 

44*59 

0*81 

0*59 

—      -100 

e. 

29*05 

3*23 

21*64 

45*39 

0*57 

0-69 

— 

—      -100-47 

The  foirmula  of  famatinite  deduced  from  the  last  two  analyses  is 
4(3Cu9JSb'S*)  -I-  (3Cu*SAs9*),  whence  it  may  be  regarded  as  an  antimonial  enargite 
having  one-fourth  of  the  antimony  replaced  by  arsenic 

Another  cuprous  sulpharsenate  called  luzonite,  dimorphous  with  enargite 
and  apparently  isomorphous  with  famatinite,  occurs  in  the  copper  veins  at  Mancayan 
in  the  district  of  Lepanto  in  the  Isle  of  Luzon,  usually  in  crude  masses  exhibiting 
a  structureless,  uneven  fracture,  and  a  slight  tendency  to  cleayage,  perceptible  only 
under  stronc;  illumination.  In  some  cavities  were  found  extremely  small  individuals 
of  unrecognisable  crystalline  form.  Colour  dark  reddish-grey,  gradually  acquiring  a 
yiolet  tarnish.  Opaque.  Hardness  » 8*5.  Sp.  gr.  (mean)  —  4*2.  Brittle,  with  slight 
tendency  to  mildness.  The  appearance  is  deceptively  like  that  of  fiunatinite,  but 
differs  considerably  from  that  of  enargite.    An  analysis  by  C.  Winckler  gave 

'   100*25, 

which  is  essentially  the  composition  of  enargite  (A.  Weisbach,  Jahrb.  /.  Min, 
1874,  975). 

A  mineral  intermediate  between  fkmatinite  and  luzonite  occurs  at  Cerro  de  Pasco 
in  Peru.  It  is  associated  with  enargite  and  iron  pyrites,  and  could  not  be  completely 
separated  from  the  latter.  The  mean  result  of  several  analyses  is  given  under  A, 
and  the  corrected  value,  after  deduction  of  13*77  percent  FeS^,  under  B. 

Ca  Fe  Sb  As  8 

A  (found)    4111  6-43  10*93  7*62  33-46  » 99-65 

B(corr.)      47*93  —  12*74  8*88  30*46  =100 

(Frenzel,  Jakrb.f.  Min.  1876,  679). 


Ou 

Fe 

As 

8b 

B 

47*61 

0*93 

16-52 

2*15 

33*14 

This  mineral  occurs  in  the  bed  of  magnetic  iron  ore  of  the 
Tilley-Foster  mine,  Putnam  Co.,  New  York.  Sp.  gr. »  3*29.  The  following  analysis 
is  l>y  R  S.  Breidenbaugh  {SiU.  Am,  J.  [3],  vi.  211). 

^•O        NaH)       HK) 

»   101*24 

Decomposed  enstatite  is  found  in  crystals  accompanying  apatite  on  the  south  coast 
of  Norway.  Usual  combination,  ooP,  co'Pqo,  qo^co,  tco.  Hardness  a  2  —  3. 
Colour,  leek-green.  Lustre  resinous.  Two  specimens  were  analysed :  a.  from 
OedegardeD ;  d,  from  Enden  : 


810" 

A1"0» 

FeO 

MnO 

MgO 

CaO 

K-0 

NaH) 

HK) 

54*17 

3*30 

9-94 

0*24 

31*09 

0*99 

016 

0*32 

013 
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SiO" 

AlHy 

MrO 

FeO 

CiiO 

H*0 

a. 

67-63 

1-02 

30-37 

4-99 

— 

7-21 

-    101-22 

b. 

69-67 

0-97 

30-89 

296 

0-37 

6-01 

=   100-7« 

The  crystals  of  enstatite  often  occar  associated  with  nndeoompofled  miaenU,  tofm*^ 
times  enclosing  them,  sometimes  enclosed  by  them  (Brogger  a.  Revsch,  Jakrb./,  MiM, 
1876,  196). 

Brogger  a.  vom  Bath  {ibid.  1877,  199)  have  aUo  examined  enstatite  crjiuls 
occurring  in  a  normal  apatite  vein  penetrating  the  mica  and  homhlende-siate  a 
the  apatite  mine  of  Ejorrestad,  between  Krageroe  and  Langesnnd.  Near  the  oocaal 
vein,  at  HankdalsTand,  there  occurs  a  large  isolated  mass,  consisting  almost  entanlj 
of  enstatite  and  rutile  (with  only  a  trace  of  apatite),  the  enstatite  czystals  soa** 
times  attaining  a  length  of  38  cm.,  a  breadth  of  26  cm.,  and  a  thickness  of  IS  e.s. 
One  crystal  was  40  cm.  in  length,  but  broken  off  at  both  ends.  The  crystals  «» 
enveloped  in  white  or  greenish  talc,  and  are  prismaUc,  being  a  combination  cf  tb 
primary  prism  with  a  strongly-developed  macropinacoid  and  a  nanrow  hack^ 
pinacoi'd ;  but  a  great  variety  of  distortions  occur,  the  brach^diagonal  in  some  am 
having  the  appearance  of  a  cUnodiagonal :  others  again  exhibit  a  tme  zfaombie  da- 
racter,  and  closely  resemble  the  enstatite  of  Breitenbach,  and  the  hypersthene  froa 
the  Bocher  du  Capuzin  in  the  Mont  d'Or  and  from  Laach.  The  primary  pyisjiiid  of 
enstatite  from  Breitenbach  and  hypersthene  £rom  Laach  ftimiahed  the  foUowiiig  is. 
ter&cial  measurements : 

Bnstatite  from  Brdtenbeoh  Hypcnthene  from  Laach 
Macrodiagonal  edge    .        .        126'' 62^  126'' 5U' 

Brachydiagonaledge  .        .        127**  Se*  127**  38|' 

Lateral  edge  .  78**  42*  78*>  84j' 

whence  alb  :  c  =  0-970 16  :  1  :  0-67097. 

Only  the  cleavage  angle  (prism)  of  the  Ejorrestad  crystals  could  be  measured  hj 
the  reflecting  goniometer,  and  was  found  to  vary  from  91®  26'  to  91^  40',  a  meesu*- 
ment  closely  agreeing  with  the  corresponding  angles  of  enstatite  from  Breitenbseh 
(91*^  44')  and  hypersUiene  from  Laach  (91**  44*).  The  following  forms  were  obemsd 
in  combinations  on  enstatite  from  Kjorrestad,  viz.:  ooP,  ooPoo,  oo^od,  OP,  ^ 
§P  00,  I^J,  iP  00,  IfP  00  and  ^  ^  gd  ;  the  last  four  being  new. 

Kjorrestad  enstatite  generally  has  a  steatitic  outer  suz&oe,  a  complete  pnssnlk 
cleavage,  and  an  incomplete  braich^rdiagonal  cleavage.  Sp.  gr.  8*168.  Aoewdiag  ts 
Descloizeaux,  the  optical  axes  lie  m  the  brachypinaoud,  Uie  acnte  positiTe  biseetm 
being  parallel  to  the  edge  of  the  vertical  prism.    Chemi«d  oompoflitK>n  : 

aO"  A1"0»  JW)  MgO  BPO 

68-00  1-86  3-16  36-91  080    «    100*22 

AMV8ITB.    A  mineral  occurring  at  St.  Agnes  in  ComwaU,  in  blniidi-grMi 

stalactites,  having  a  sp.  gr.  of  1*69,  and  giving  by  analysis : 

SO*  SiO*  A1"0»  CaO  OuO  CO"  BPO 

812         3*40         29-86         136         1691         106         39-42    »    10010 

These  numbers  agree  with  the  formula  CuS0*.CuH«0«.3Al*H«0M2H»O  (J.  H.  Colfii^ 
Jahrb.  Min,  1876,  868). 

S08ZV.  This  name  is  given  to  a  beautifol  roseate  dye-stuff  (<«s),  havii^  tb 
composition  of  tetrabromofluorescein,  C^'H'BrK)^  and  producible  by  the  actioa  4 
bromine  on  fluorescein  dissolved  in  acetic  add  (see  Pltjorbbgbin). 

CH«01 
SPZOBZiOSBTBHZV,  C"HK)10»GH>.Q.     In  preparing  thia  compoimd  I9 

the  action  of  potash  on  dichlorhydrin,  a  loss  of  material  is  apt  to  occmr,  in  riansffjimi 
of  the  product  aggregating  with  the  simultaneously  formed  potaesinm  chloride  imi 
pasty  mass.  TMs,  however,  may  be  prevented  by  conducting  the  reaction  in  a  ntal 
the  heat  generated  being  sufficient  to  drive  over  a  great  part  of  the  epichloziijdm. 
The  remainder  may  then  be  distilled  off  in  the  ordinary  11^,  but  tbe  tempcntai 
should  not  exceed  130°,  otherwise  decomposition  sets  in  (£.  w.  P^vost.  J.  sr.  Cba 
[2],  xii.  160).  ^ 

Epichlorhydrin,  treated  with  sodium  ethyUUe  free  from  alcohol,  forms  t«t>  oih 
compounds,  one,  C*H'H)*,  soluble  in  water,  the  other,  C*H»»0*,  insoluble  in  vnt 
but  soluble  in  ether ;  also  a  white  hygroscopic  substance,  C**H"0*,  insoluble  in  ^ita; 
alcohol,  and  e>t\i«t,  igito^c^tbVtV}  ^  QoivdsQflatiQn-product  of  ethoxyl-glycide  (Luk, 
Jenaische  Zeitaohrvft  ^*i\,  m.  7.  Su-ppXeniwaUelt^XVV^. 
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On  the  Action  of  Hydrocyamc  Acid  un  Epichlorhydrin,  see  Ctanidb  of  Htdrogbn 
(p.  610). 

CH^CN 
,  C>H*0(CN) = CH^v^^      ^^  ^^j^.^  ^^  abnndant  yield  of 

this  substance  by  the  action  of  aqueous  potassium  cyanide  on  epichlorhydrin  (Pazschke's 
process,  2nd  Suppl.  466),  it  is  necessary  to  use  potassium  cyanide  quite  free  from 
alkali  (recently  prepared  by  fusion  of  dehydrated  potassium  fisrrocyanide) ;  with  the 
commercial  cyanide,  or  that  which  is  prepared  by  passing  hydrocyanic  vapour  into 
alcoholic  potash,  the  yield  is  very  smalL  Pure  epicyanhydrin  melts  at  163^,  and  is 
easily  converted  by  boiling  with  fuming  hydrochloric  acid  into  epihydrin-carbonic 
acii  C^»O.CO«H  (Hartenstein,  J.  pr.  Chem.  [2],  yii.  296). 

■PI1N9TB.  This  mineral  occurs  in  the  Allochett-thal,  in  Tyrol,  in  crystals 
accompanied  by  brown  garnet,  quarts,  labradorite,  and  titanite,  in  clefts  of  a  weathered 
syenitic  rock.  The  colour  of  these  epidote  crystals  is  blackish-green ;  some  weathered 
■pecimens  are  covered  with  a  crust  of  ferric  oxide,  and  they  occasionally  attain  a 
length  of  18  mm.  Light-coloured,  radiating  specimens  were  also  found.  Ordinary 
combination  oo  Poo  .  P  .  OP  .  P  gd.  Sp.  gr.  3*462.  An  analysiB  of  a  fresh  crystal 
gave  the  following  percentage  composition : 

MO-  A1»0"  JWy  PVO  0«0  H^ 

37*70  24*61  14*23  0*45  20*99  2*23  -  100*21 

This  analysis  agrees  tolerably  well  with  the  one  given  by  Ludwig  of  epidote  from 
Salzbach  (2nd  Suppl,  467))  also  that  from  Burawa,  analysed  by  Hermann,  the  amount 
of  lime  bein^  however  rather  lower.  This  epidote  therefore  belongs  to  the  lime 
epidotee,  whidi  contain  no  manganese  or  magnesia  fC.  Doelter,  Jahrb.  f.  Mvn.  1876, 67). 

Two  specimens  of  manganese  epidote  from  St.  Marcel  in  Piedmont  have  been 
analysed  by  Rammelsbeig  (Chem,  Centr,  1878,  676)  with  the  following  results: 

SiO"  A1»0"  PVO»  Mn«0»  CW)  HK) 

38*29  16*41  810  14*72  21*73  1*74  ->   100-99 

38*64  16*03  8*88  16*00  22*19  1*78   »   101*02 

These  analyses  sgree  with  the  ordinary  formula  of  epidote,  Si'R'Ca^HK)*',  the  symbol 
R  standing  for  Al,  Fe,  and  Mn.  The  proportion  of  these  three  metals  i&Pe.:  HCn  :  Al  a 

1:2:3. 

On  the  Optical  Properties  of  the  Sulzbach  Epidote,  see  Klein  {Jakrlmeh  f.  Min. 
1874,  1). 

On  the  Corrosion-figures  of  Epidote,  see  Baumhauer  (ibid.  1876,  420). 

Epidote  (A)  from  the  glaucophane-bearing  rocks  of  the  island  of  Syrd  has  been 
analjfved  by  Ludecke  {Jahrh.  Min.  1876,  117),  and  (B)  f^m  the  diorites  of  the 
Ehrenberg  near  Ilmenau  by  E  E.  Schmid  {ibid.  66) : 

aO"  A1«0»        Fe"0*       Mn'O'        CaO  MgO        FW>        H*0 

A  3815        26-3  9*3         —        26'1  —         —         18  =     09*65 

B.  37*8  19*6         16-3        0*2        24*2         0*8        0*3        2*3  =•  100*4 

The  epidote- rock,  deposited  contemporaneously  with  the  diorites  and  micaceous 
gneisses  of  the  Serra  Mantiqueira  in  the  province  of  Minas  Gbraes,  Brazil,  has  been 
examined  by  H.  Gtorceix  (Compt.  rend,  Ixxxii.  688).  From  measozements  of  individual 
ciprstals  by  Desdoizeaux,  it  appears  that  the  roc^  consists  mainly  of  epidote,  together 
with  ver^  small  quantities  of  quartz  and  isolated  patches  of  iron  ochre.  Sp.  gr. 
after  ignition  =  3*40 : 

SiO*  AlK)*  CftO  FfO  KgO  ignition 

38*6  26*1  23*2  10*4  trace  2*6  ->  99*8 

• 

A  transformation-product  of  the  hornblende  of  a  hornblende-granite  at  Kinkifftok 
in  Greenland,  nearly  related  to  epidote,  and  having  a  sp.  gr.  »  3*446,  is  described  \ij 
Yrba  {Wim,  Akad,  Ber.  [1  Abth.J,  Ixix.  96),  and  has  been  analysed  by  Belohoubek : 

aO"  A1"0»  FePO»  FW)  OaO  KH)  Na"0         H»0 

88*10        1073         17*67        8*87        21*46        1*03        2*25        048  »    100*49 

JSE* 
»IBTB»ZWO  AmBOWXO  ACZB,  C^H'O'  =  O/^l  .  This  add,  which 


A 


mcooH 

Ptoschke  obtained  by  the  action  of  acids  or  alkalis  on  epicyanhydrin  (2ikI  Suppl,  466), 
is  best  prepared  by  boiling  epicyanhydrin  with  filming  hjrorocUoric  acid :  it  separates 
on  cooling  in  concentric  groups  of  long  needles,  and  may  be  purified  by  rverystallisa- 
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tioD  from  hot  water,  in  which  it  is  easily  soluble.  It  meltM  nt  2*25^.  It  doa  s 
uuite,  like  epichlcrliydrin,  with  hydrochloric  acid,  acetyl  chloride,  or  ncid  ufi: 
sulphite.  It  is  not  attacked  by  tin  and  hydrochloric  acid,  or  bj  Kxiiom-ULi!^ 
but  when  heated  for  six  or  seA'en  hours  to  160^  with  fuming^  kymroekloric  uili 
converted  into  normal  butyric  acid: 

Q^CH«  CH» 

CH  +   4HI  =3  H«0  +    21-  +    CH» 

;h«.cooh  ch«.cooh 

(Hartenstoin,  J.  ^>r.  Chem.  [2],  vii.  295). 

SQVnfZC  AOZB.  An  acid  obtained  from  fresh,  mares*  milk,  in  viiia 
appears  to  exist  in  combiiir.tion  with  ammonia ;  it  crystallises  in  needles,  acd  *«VH 
properties  different  from  those  of  hippuric  acid  (J.  Duval,  Oompt.  rend,  l^^-g"  il}|. 


i. 


SR8ZUM  and  ITTIUUM,  GleTe  (BuU.  Soe.  Ckim.  [2],  ui.  344)  Im  ■ 
tinned  his  investigations  of  the  compounds  of  these  metals,  and  nas  come  to  tbca 
elusion  that  they  are  not  diatomic  as  formerly  supposed  {2nd  Svppl.  131U  h 
triatomic,  like  the  cerite  metals.  Their  atomic  weights  are  accordingly  EtbITH 
Y  =  89-55  (acconling  to  Rammelsberg  E^  169 :  Y  »  92*5).  The  following  nlti  b 
been  analysed : 

Y(NH^)(CO»)'  +  H«0. 

Erf CIPO^  +  4H20  [ '    ^w^^o^P^o^^  ^*^  acetate  of  didyminm. 

4 YCl'.5PtCl«  +  52H'0.    Large,  well-defined,  orange-coloured  crystals. 
ErCl'.FtCl«  + 1  IH'O.    Large,  yery  deliqaescent  crystals. 

YCl".2AuCl*  + 1 6H*0.    Large,  very  soluble  crystals. 
|»  ErCl*.  Ana>  +  9H«0. 

i  Y(CNS)».8Hg(CNS«)  +  i  2H0». 

K  ErCl«.5HgCl* + iiH«0(» «  6  ?).    Deliquescent  cubes. 

'^  8Er=0«.4N»0»  +  20H«O. 

A  Y(C0»H)«+2HH). 

r  Er(C0'H)«  +  2H«0. 

, !  Y\SeO*y  +  8H»0  and  9H20. 

V  Er'(SeO«)*  +  SH^O  and  9H>0.    Isomorphous  with  the  preceding; 

YK(SeO*)2+3H20. 
ErK(SeO^)«+4H-0. 

Y(NH*)(SeO*)'  +  3n«0. 

Er(NH*)(SeO*)»  +  2H=0. 

}  Ei(NH«)(SeO*)«  +  4H«0. 

■  ErNa»(SO*)*  +  34H«0. 

ErNa»(CX)^*+18H«0. 

A  table,  compiled  by  Rammelsberg,  of  the  composition  of  natnxal  minsab  m 
taining  the  yttrium  and  cerium  metals,  according  to  the  old  and  new  atomic  «q|ftl 
is  given  under  CBBrrR-METALS  (p.  419  of  this  volume). 

Spectrum  of  Erbia.— According  to  Lecoq  de  Boisbaudran  (Qunpt.  rmlhn 
f  1080),  erbia  in  the  pure  state — cnntr:try  to  the  observation  of  Bahr  and  BccM- 

{Licbig's  Annalen,  cxxxvii.  1),  gives  a  spectrum  dififerent  from  that  which  it  rH** 
when  the  earth  is  dipped  in  phosphorus-salt.  On  directing  the  central  oouof 
blowpipe-flame  on  one  surface  of  the  erbium  phosphate,  so  that  thw  M^t  i^ ) 
relatively  cooler  than  the  rest  of  the  glowing  mass,  the  spectrnm  is  coBjAn; 
reverse^!.  The  silicate  and  borate  of  erbium  likewiBe  exhibitalight  direratv  i 
their  spectra. 

On  the  Hiot  of  Neutralisation  of  the  Ifydroxidea  of  EHriutn  and  TUrmm,  wtt  Etf 
SROOT.  According  to  fiuchheim  (Arch,  Pkarm.  [3],  rii.  321  the  sstav 
called  ergot ine,  the  supposed  active  principle  of  ergot  (ii.  430  ;  \9i  SmppL  580V  *< 
body  closely  resembling  animal  gelatin.  It  is  easily  aolnble'  in  e^oinur  i^  i 
th(>reforo  contained  in  the  cold  aqueous  infusion  of  eigot.  Like  gelatin  it  gin*» 
cipit-'ites  with  phenylsulphiiric  acid,  tannic  acid,  and  chlorine.  It  eanDot,ho««ie.h 
completely  precipitated  by  tannic  acid.  It  is  formed  by  the  action  of  the  gTurSr 
of  a  fungus  on  the  gluten  of  lye,  by  which  action  the  gluten  nndersoei  a  im  i 
transformatAOTva,  \QTm\\\K\Kx^E,  \ti\V%^Q»TtN«rs\Q»iv  vnto  leucine.  ammonisL  and  tnmlk*'' 
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amine.  The  decomposition  of  ginten  under  the  influence  of  the  fungus  is,  therefore, 
analogous  to  the  putrefaction  of  albumin.  In  both  cases  albummoua  substances 
undergo  a  series  of  transformations  difibrent  from  that  which  occurs  in  the  healthy 
animal  organism,  and  the  products  formed  have,  in  oonsequenoe,  different  properties. 
The  end-products,  however,  are  the  same  in  both  series.  Ergotine,  therefore,  belongs 
to  the  class  of  putrid  products.  See  also  Squibb  {Amer,  Pkarm,  Jsaoe,  Proe,  1873, 
967 ;  Phiorm.  J.  Trans,  [8],  iv.  912.  956). 

The  following  substances  have  been  obtained  &om  ergot  hy  Dragendorff  {Pharm, 
J.  Tram,  [8],  vi.  1001).  1.  SoUfrtmuem. — This  is  a  nitrogenous  coUoSidal  substance 
extracted  m>m  ergot  b^  water,  and  precipitated  by  alcohol  of  40-46  per  cent. :  when 
once  dried,  however,  it  dissolves  in  water  with  difficulty.  It  does  not  give  any 
albuminoidal  reaction. 

2.  Sclerotic  acid, — ^This  body  is  extracted  by  alcohol  of  46  per  cent.,  and  passes 
into  the  difihsate  in  dialvsis,  but  is  colloidal  after  its  separation  m  the  pure  state.  It 
ia  precipitated  b^  alcohol  of  90  per  cent.,  together  with  lime,  &c.,  but,  after  treatment 
with  hydrochlone  acid,  may  be  separated  from  the  ash  by  addition  of  alcohoL  Its 
solubility  in  water  renders  it  better  adapted  than  sderomucin  for  therapeutic 
purposes.  It  is  tasteless^  scentless,  slightly  hygroscopic,  and  gives  no  albuminoid, 
alkaloid,  or  glucoeidal  reactions. 

8.  Sdertrytkrin, — This  compound  is  contained  in  the  red  colouring  matter  which 
is  dissolved  out  by  alcohol  firom  the  residue  left  on  treating  ergot  with  aqueous 
tartaric  acid,  and  may  be  separated  hy^  farther  treatment  from  a  brown  resinous 
substance.  Sdererythrin  is  insoluble  in  water,  but  soluble  in  sicohol,  ammonia- 
solution,  &c. ;  its  alkaline  solutions  are  of  a  murexid  colour :  it  forms  a  red  mixture 
with  aluminium  sulphate  and  zinc  chloride,  and  gives  a  blue  precipitate  with  barium 
salts,  &c  The  amount  of  this  body  contained  in  ergot  is  very  small,  and  it  is  sup- 
posed to  stand  in  near  relation  to  chr^sophanic  acid  and  auzarin.  Together  with 
sdererythrin  another  colouring  matter  is  obtained,  which  when  isolated  is  no  longer 
soluble  in  water,  &c,  but  dissolves  in  potash  with  a  violet  colour,  f^m  which  it  is 
precipitated  by  acetic  acid ;  concentrated  sulphuric  acid  dissolves  it  with  a  blue 
colour,  and  on  this  account  it  has  been  called  sclerviocftn;  it  is  similar  to  sdererythrin, 
of  which  it  is  probably  a  decomposition-product. 

4.  Sclerocrystallin  and  ScUroxantkin, — ^After  sdererythrin  and  sderoiodin  have  been 
removed  from  ersot  powder,  ether  takes  up  a  mass  which  crystallises  partJy  in 
colourless  needle-uiaped  crystals,  partly  in  lemon-yellow  crystals.    The  needle-shaped 


is  transformed  into  the  latter  by  heating  with  chloroform.  Neither  of  these  bodies 
has  any  effect  on  frogs. 

Dragendorff  has  also  obtained  two  other  substances  firom  ergot,  but  they  have  not 
yet  been  examined. 

A  substance  called  ergotinine,  described  by  Tanret  (Compt.  tend.  Ixxxi.  896)  as 
an  unstable  alkaloid  existing  in  very  small  quantity  in  ergot,  is,  according  to 
Dragendorff,  a  mixture  of  sdererythrin  with  other  substances.  £  c  b  o  1  i  n  e  {2nd  Suppl, 
469)  he  regards  as  identical  with  ergotine. 

HUCHOtOW.  On  the  Detection  of  Adulterations  of  the  Volatile  Oil  of  Erigeron 
eanadgnm  with  Fixed  Oils,  see  E.  J.  Week  {Amer.  Pharm.  Attoe.  Proe,  1872, 
p.  242). 

^K^^.m.^m  or  «^».AMi«iiM-  The  supposed  mineral  species  thus  designated, 
from  the  Erzgebirge  (ii.  501),  appears,  from  a  microscopic  examination  by  Frensd 
{Jakrb.  Min.  1873,  790),  to  be  a  mixture  containing  quartz,  felspar,  nnd  garnet. 

WKUCXO  AOZB,  CH^'Os  (ii.  601).  O.  Ooldschmiedt  (Wien,  AJIcad.  Ber.  Ixx. 
461)  has  found  this  acid,  together  with  benic  acid,  in  the  oil  expressed  from  black 
mustard  seed.  By  the  action  of  hydriodic  add  and  amorphous  phosphorus,  it  is  con- 
verted into  an  add  probably  isomeric  with  benic  add. 

XRUFTIVJI  XOCOLS.  On  the  Eruptive  Rocks  of  the  Bannat,  of  Mitylene, 
and  of  Styrui,  see  Jahresbericht  /.  Chcmie,  1873,  1218-1220.  On  those  of  the 
Fichtelgebirge:  Jakrb.  f.  Min.  1874,  486 ;  Jahresb.f.  Chem.  1874,  1802. 

aBTTBSAXnxUM.  A  substance  produced,  according  to  Briicko,  by  the 
action  of  malt-extract  on  starch  (q.v.) 

aBTTBBXra,  C^*(0H)1  This  tetratomic  alcohol,  distilled  with  five  times 
its  weight  of  concentrated  formic  acid,  yields,  first,  the  monoformin  of  the  unsaturated 
gljcol,  C*H*(OHy,  then  carbon  dioxide  and  a  h^dxocaxVm,  C^^*  ^\itc>\ii^^  ^^V 

Srd  8i^.  3  B 
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acetylene,  CH.C^H^),  which  solidifies  in  a  freenng  mixture  (Henninger,  BuH. 
Chim.  [2],  six.  2,  145  ;  xxi.  242). 

On  the  reaction  of  erythrite  with  dehydrated  oxalic  acid,  see  Oxauc  Acm 

BSTTKSOBaZTRZV.    See  Deztbut  (p.  629). 

WMTTHMOWHMMIO  AOZB.  According  to  Jaoqnemin  (i?«/Z.  8oe.  Ckim. 
zx.  68),  the  sodium  salt  of  this  acid  is  produced  by  the  action  of  wodinm  hypodl) 
on  a  mixture  of  aniline  and  phenoL  It  foims  BiiIt-adlatiQiiB  of  a  deep  bhe  eo 
a  reaction  which  may  be  made  available  for  the  detection  of  aniline  or  of  pheeoL 


___>TTBXOPB&IBmK.    E.  amneeiue,  is  a  tall   legnminona  tree  gro^ 
the  west  coast  of  Africa.    Its  wood  is  veiy  haxd,  and  ia  coTexed  with  a  hazd  fi 
and  odourless  bark,  which  contains  an  active  poison,  called  erythrophleine. 
substance  is  a  base,  and  may  be  obtained  by  extracting^  the  pnlverised  bazk 
alcohol,  evaporating  the  tincture  to  a  small  bulk,  treating  this  with  warm  v 
evaporating  the  aqueous  extract  at  a  low  temperature,  rendering  it  alkaliM 
ammonia,  or  sodium  carbonate,  and  extracting  with  acetic  ether.     On  crifoa 
Uie  resulting  solution,  the  base  is  left.    It  is  only  eli^tly  soluble  in  ether,  bca 
f  I  or  chloroform,  but  dissolves  in  water,  ethyl  acetate,  amylic  idoc^ol,  and  ordinaiysla 

^1  It  forms  salts  with  acids,  and  its  chloride  is  precipitated  by  platinie  chloride,  Un 

!*  I  A  double  salt.    Solutions  of  erythrophleine  exhibit  the  following  reactioiis  :— 

1 1  Picric  acid :  yellow  green  precipitate. 

yi  Iodine  inpotaeeium  iodide :  redoish-yellow  precipitate. 

'  I  Iodide  of  mercury  and  potatsium :  white  precipitate. 

Iodide  ofbismtUn  and  cadmium :  flooculent  white  precipitate. 

<*ii  Potaseium  bichromate :  jeHowiBh -gteapitAie, 

11  Mercuric  chloride :  white  precipitate. 

I  Auric  chloride :  whitish  precipitate. 

-:!  Palladium  chloride :  white  precipitate. 

i  In  contact  with  manganese  peroxide  and  gulphnric  acid,  eirthrophleiiK  dri^ 

J  a  violet  colour,  less  intense  than  that  produced  under  ■imiln^i*  cimunsUaBB 

strychnine,  and  soon  changing  to  a  dirty-brown. 

Erythrophleine  possesses  very  marked  toxic  properties,  and  must  be  plaesd  ibqe 
those  poisons  which  exert  a  paralysing  action  on  the  heart ;  its  effects  are  ddajid 
curare,  but  not  b^  atropine  (Gallois  a.  Hardy,  Butt,  8oe,  Ckim,  [2],  zxvL  n\  * 

E,  Couminga  is  a  variety  resembling  E  guineeum,  Allpazta  of  it  aie  poiK' 
and  the  poison  consists  of  an  alkaloid,  the  physiological  afleeta  of  which  an  is 
to  those  of  erythrophleine. 


ITTB&OPBTX&.    See  Plamt-Ooloubs. 

BRTTBSOP'nOCATaCBZV.     See  Ptbocatbchik. 

tut STHJtOXTAVTBRAQirzwova.    See  AjfTHnaaunroiCB  (p.  99). 

B8MAXXZTB.  This  variety  of  hydrous  dichroite,  originally  fonod  at  fin 
in  Finland  (ii.  320),  occurs  also  at  Vestre  ^jdrrestad,  in  Bamle,  Korway.iQiniiiarpi 
synthetic  twins,  but  as  one  individual  predominates,  and  innnmenble  twin  l*">^» 
interposed,  the  crystals  appear  to  be  simple.  They  have  a  p«iealiar  zonadsd  mi 
resembling  that  obtained  by  fusion,  and  are  often  covered  with  a  *■«•  gieeaiib-li 
crust,  which  gives  them  a  very  peculiar  appearance,  diflbring  completely  inm  tte 
felspathic  mineral,  but  approaching  that  observed  on  the  p1<tgii>f  fn irs  of  Bodes 
Ornarfvi  and  Lojo.  The  ciystals  exhibited  the  following  fonns*  •'F  c? 
ooPSo.  OP.  ^,».2^,».2T>.Pj,  the  types  bmnff  either  tabidar  thzo^ 
bisol  terminal  plane,  or  prismatic  They  are  twinned  acooxding  to  two  !av\ « 
(1st)  twin-plane  the  brachypinaco'id ;  ^2nd)  twin  axis,  the  maooSagonaL  C^ 
biisal  cleavage ;  less  complete,  parallel  to  the  brschypinaeold.  H  «  0.  So.  cr.«t 
Colour  bluish-grey.  Pearly  lustre  on  the  deavage  planea,  rsainoos  lostie  oa  f*"*™ 
The  esmarkite  is  accompanied  by  hombleade>  apatite^  and  nasnetie  ine  ni 
(Brogger  a.  Reusch,  Jahrb.  Min.  1876,  196).  ^^  "^ 

BTBAWB,  G>H*=»HH)— GH".    This  gas,  sutjeetad  to  the  action  of  ths  d 
electric  discharge  (p.  729),  yields  free  hydrogen,  SM  a  aaall  qnaattty  of  setcih 

j  together  with  resinous  hvdrocarbons  (Berthelot). 

!  Ou  Nitro-eihanes  see  r^iTAO-PABAFFnrs  under  PASAxrara. 


See  Ethtlexb. 
STaSIITli-JLlCnM>FBBVOIi,OH«N0-*0*H«r^  11  ,   n  fcm^ 
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heating  ortho-smidophenol  with  acetic  anhydride  for  some  time  in  a  yeasel  with  reflux 
condenser.  It  is  a  colourlesB  liquid,  boiling  at  200°-20l^,  smelling  like  aoetamide, 
insoluble  in  water,  easily  soluble  in  alcohol,  and  appears  to  form  a  compound  with 
calcium  cliloride.  Sp.  gr. » 1*1866  at  0^.  It  turns  reddish  when  ezpoaed  to  the  air, 
and,  when  left  for  a  long  time  under  water,  it  is  converted  into  acetylamidophenol 
G*HXOHXNH.CH*0).  The  salts  of  ethenyl-amidophenol  are  difficult  to  prepare, 
on  account  of  the  ea^  decomposition  of  the  base  by  water.  The  iulpkcUe  and  hydro- 
ekloridt  are  czystaUine.  The  pltOmoekloride,  (OH^N0.Ha)*J*taS  dissdves  very 
easily  in  dilute  alcohol,  being  apparently  resolyed  at  the  same  time  into  its  components 
(La<knburg,  Deut,  Chem,  Get.  Her.  ix.  1624). 

mTH  1  ¥■-  H  MTPXM,         or  MTMMM 1  Ja-PIMM  1  Im* 

C«H>*N«-HK)— O^^^P.  When  acetethylamideNH(0»H»XC*H^) 

is  acted  upon  by  1  mol.  POl*,  a  brown-red  syrup  is  obtained,  which  yields  a  platino- 
ohloride,  (0*H**GlN>.H01)?t01\  crystallising  in  the  monodinic  system.  The  free 
base,  C^WKXS*,  separated  from  this  salt,  is  an  oil  which  has  a  Um  odour,  and 
cannot  be  distilled  without  decomposition.  On  gently  heating  it  with  soud  potassium 
hydroxide,  an  energetic  action  takes  place,  attended  with  separation  of  potassium 
Chloride,  and  lowenng  of  the  boiling  point  of  the  liquid  from  220°  to  170°,  and 
ethenyl-diethyl-amidine  is  formed,  as  an  oily  base  which  boils  without  decomposition 
at  166^-168^,  dissolves  in  water,  alcohol,  and  ether,  precipitates  most  metallic  salts, 
and  is  capable  of  dissolving  recently  precipitated  alumina  (Wallach  a.  Hoflbann, 
Ikut.  Ckem.  Qe$,  Bw.  viii.  818). 


C'*H»W-HK)-0<^,^P.      Di- 


pA«>»y/-aoa2tamtii0.— This  base,  already  described  as  ethenyl-diphenyl-diamine  {lat 
Bmi.  688)  was  discovered  by  Hol&nann,  who  obtained  it  by  the  action  of  phosphorus 
trichloride  on  a  mixture  of  aniline  with  aoetanilide  or  aoe^l  chloride.  S.  lippmann 
(Dmt.  Chem.  Get.  Ber,  vii.  641)  prepares  it  by  the  action  of  phosphoms  pentadiloridr 
on  acetanilide,  and  explains  its  rormation  by  the  equation, 

Ajetanilkle  (9  mols.)  Bfeheojl-dlphflnyl^nidiiie. 

+  cooH'ca  +  pooi»  +  Ha. 

When  the  two  bodies,  in  the  proportion  indicated,  are  mixed  together  in  a  flask,  the 
mixture  becomes  hot  and  Uqu^es,  with  evolution  of  hydrochloric  add ;  and,  on  heating 
the  flask  with  an  upright  condensing  tube  attached,  the  mass  turns  brown,  solidifles, 
and  gives  oflT  more  hydrochloric  acid.  The  mass  is  then  to  be  dissdved  in  water, 
the  l»se  precipitated  by  ammonia,  freed  fh>m  resin  by  repeated  solution  and  fractional 
predpitadon  with  ammonia  or  potash,  and  finally  purified  by  crystallisation  tiom 
alcohoL  Wallach  a.  Hoflhiann  (Ufid.  viii.  1667)  regard  ethenyl-diphenyl-amidine 
as  only  a  secondary  product  of  the  deoomixMition  of  acetanilide.  By  treating  acetani- 
Ude  with  PCI*  in  such  a  manner  as  to  avoid  rise  of  temperature,  they  obtain  acetani- 
lide chloride,  OH" — G01=N — 0*H*,  as  a  well-crystallised  compound,  which  is  strongly 
acted  upon  by  aniline,  with  production  of  ethenyl-diphenyl-amidine.  (See  Agbtami- 
LIDI^  p.  8.) 

Etnenyl-diphenyl-amidine  boiled  with  dilute  alcohol  is  resolved,  by  assumption 
of  H'O,  into  acetanilide  and  aniline  (p.  71).  When  treated  with  nifdrogmisina 
agmU$  (as  Sn  and  Hd,  Zn  and  Hd,  or  in  acetic  add  solution  with  sodium-amalgam), 
it  does  not,  as  might  be  expected,  take  up  H*  and  yield  ethylidene-diphenyl-diimiine, 
H*0— GH(NH.O*H*V^,  but  is  resolved,  by  assumption  of  2H*0,  into  acetic  acid  and 
2  md.  aniline,  mth  dromiM,  itforms  a dibromide  which  crystallises  with  difficulty 
in  broadlamine.  WiihfmmnanUrio  aeidfit  yields  the  nitrateof  e  thenyl-dinitro- 
phenyl-amidine,  G>^>^0*)*N*.NO*H,  which  does  not  dissolve  in  water,  alcohol, 
ether,  alkdis^  or  adds,  but  is  gradually  converted  by  boiling  with  water  or  adds  in 
sealed  tubes^  into  nitraniline  (m.  p.  141^),  andby  zeduetion  into  paraphenylene- 
diamine  (Llppmann). 

anDnrrx-vMawTxawaBZAKSva,  C>H«N*ii^0^«<^^O-0H*,  is 

obtained  by  bdlin^  orthophenylenediamine  with  gladal  acetic  add  {Ladenburo;  DmKt. 
Chem,  Oea,  Ber.  viiL  677),  or  by  reduction  of  orthonitracetanilide  with  tin  andg^adal 
acetic  add  (Hubner  a.  Kuddph,  ibid,  471).  It  crystallises  in  long  shining  needles 
which  mdt  at  170^  (H&bner  a.  RudolphX  at  176^  (Ladenbnxg),  ddiquesce  in  ether^ 
mod  duadtre  eaailj  in  biodhol  and  water.    The  ^drocMonde  as^  MklpWnU  Vsna.  wifii:) 

8b2 
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soluble  needles ;  the  plaiincHiUoride  is  very  effloresceDt ;  the  nitrate  is  less  soluble, 
and  forms  thick  shining  yellowish  needles  (Hiibner  a.  Rudolph). 


■TO&TZJkMZBSVBSa  Aoetoloididdi  treated  with  phosphorus 
pentachloride,  is  converted  into  acetoluidide  imidochloride,  H*C — C^^inrnv*  ^^ch, 
when  treated  with  aniline,  toluidine,  or  naphthvlamine,  yields : 

Ethmyi-ph$nyUU)lylamidine,  H*C — ^^vnrnf    »  ^    white    needles,  melting  at 

Ethenyl'dUolylamidme,  H»C— C^^^^?"*  ^  P- 117^-118**- 

Ethmyl-naipUhyUtdylaimidim,  H>0— G^^^'^. 

The  imidochloride  is  conrerted  by  heat  into  the  hydrochlOTide  of  a  base,  C**H'*G1N', 
which  melts  at  71^-72^,  and  decomposes  at  about  180^,  turning  brown,  and  yielding 
the  hydro<±loride  of  a  new  base  (Fassbender,  Deut,  Chem,  Ges.  Ber.  ix.  1214). 

aTBaWTXrTO&TUnra-BZAMZra,  CH'^^^O.GH",  is  formed  by  boU- 

ing  parametartolylene-diamine  (m.  p.  89^)  with  glacial  acetic  acid.  It  melts  at 
196^-198^,  and  is  oonyerted  by  fuming  nitric  acid  into  a  nitro-derivative,  whidi 
crystallises  in  needles,  and  deoompotea  without  fusion  at  188^-185°  (Ladenbuig, 
Md.  viii.  677). 


-TAICAXBOVZC  AOZB«  OH^O* » H*0--G(CX)*H)",  is  formed 
from  ethylic  monobromosuccinate  by  successive  treatment  with  potassium  cyanide, 
hydrochloric  acid,  and  alcoholic  potash  (Orlowski,  Deut,  Chem,  Ges.  Ber,  ix.  1604). 

BTlUUtSa  Formation, — A  mathematical  theory  of  the  laws  of  etherification, 
experimentally  established  by  Berthelot  a.  Pian  de  St-Gilles  (let  8iml,  686).  is 
given  by  J.  H.  van 't  Hoff  (2>ra/.  Chem,  Gee.  Ber,  x.  669 ;  abstr.  Ckem,  Boe.  J,  1877, 
ii.  679).  The  formula  which  expresses  the  amount  of  etherification  produced  is 
exactly  similar  to  that  which  J.  Thomson  has  deduced  for  the  partial  decomposition 
of  salts  by  adds  {Pogg.  Asm,  cxxxviii.  65),  the  two  formuls,  moreover,  containina 
the  same  constants.  Hence  it  appears  that  the  formation  of  ethers,  and  the  paitiiJ 
decomposition  of  salts  by  adds,  follow  the  same  laws. 

Experiments  on  the  etherification  of  various  alcohols  by  aeetio  acid  have 
been  made  bv  N.  Menschutkin  (Deut.  Chem,  Gee.  Ber,  x.  1728).  The  exjperiments 
consisted  in  heating  ^Imb  tubes  of  about  1  cc.  capacity,  containing  mixtures  of 
alcohol  and  acetic  acid  in  molecular  proportions,  in  a  bath  of  glycerin  heated  to 
153^-164^.  The  amount  of  ether  thus  formed  in  a  given  time  was  estimated  by 
withdrawing  a  tube  from  the  bath,  cooling  it  quickly,  and  determining  the  redduid 
acetic  acid  by  titration  with  baryta-water. 

In  this  way  an  estimate  was  obtained  of  the  amount  of  ether  formed  in  1,  2,  4.  7| 
10,  14,  24,  86,  42,  48,  72»  96,  120,  and  in  a  few  cases  144  and  168  hours.  The  most 
important  data  are — (1).  The  initial  rates  of  etherification  (that  is,  the  proportion 
of  ether  formed  in  the  first  hour,  expressed  in  percentage  of  the  total  theoretical 
amount),  and  (2),  the  limit  of  ethenflcation,  similarly  expressed.  These  numbers 
are  given  in  the  following  table : 

Initial  rate  Limit 

Methyl  acetate 57*25  71*45 

Ethyl        „ 46-60  69*61 

Propyl       „ 46-89  70*90 

Isobutyl .         .     45  40  73*46 

Octyl         „ 46-56  8224 

Cetyl         , —  87-17 

Allyl         „ 36-80  61*88 

Benzyl      , 37*77  63*97 

Styryl        , 37*21  64-58 

A  distinction  has  to  be  made  between  the  absolute  and  the  relative  rate  of  ether- 
ification, meaning  by  the  former  the  proportion  of  alcohol  or  add  actually  etherifled 
to  the  total  quantity  employed,  and  by  toe  latter  the  |>roportion  of  ether  foirmed«  to 
the  amount  determined  by  the  limit  of  etherification.  As  regards  the  primary 
saturated  alcohols,  it  is  found  that  methyl  alcohol  differs  considerably  in  its  initial 
riite  (absolute,  57*25;  relative,  80*1)  from  the  rest,  wluch  all  have  an  absolute 
initial  rate  of  about  46*5.  A  review  of  the  whole  of  the  numbers  furnished  by  these 
alcohols  (with  the  exception  of  methyl)  shows  that,  though  the  rate  of  etherincatioQ 
during  the  fiiiMi^*VBaprij  the  same  in  all,  it  afterwards  becomes  distinct^ 
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greater  in  alcohoU  of  higher  molecular  weight :  hence  the  limit  is  alio  higher,  as  is 
&own  by  the  table. 

The  relative  rate  of  etherification  decreases  regularly  with  increase  of  molecular 
weight,  the  numbers  for  ethyl,  propyl,  isobntyl,  and  octyl  alcohols  being  respectively 
67*94,  65-48,  61*80,  and  66*61. 

In  the  non-satnrated  alcohols  the  initial  rates,  which  are  nearly  the  same  in  all, 
are  about  10  lower  than  in  the  saturated  alcohols.  The  relative  rates  for  allyl, 
ben^l,  and  styzyl  alcohols  are  69*46,  69*04,  and  67*61  respectively. 

The  limit  of  etherification  of  the  saturated  primary  alcohols  (omitting  methyl 
alcohol)  increases  with  the  molecular  weight,  being  about  two  greater  for  each  higher 
homologue,  as  is  shown  by  the  foregoing  table.  This  seems  to  show  that  differences 
in  molecular  weight  have  a  much  greater  influence  upon  the  limit  of  etheriication 
than  was  thought  by  Berthelot  and  P^an  de  St.-Oill«s. 

F^ormaHamfrom  NUrilt, — ^Ethers  are  readiljr  formed  by  the  action  of  hydrochloric 
or  sulphuric  acid  on  solutions  of  the  nitrils  in  absolute  alcohol,  e^.  ethyl  acetate 
firom  acetonitril,  ethyl  propionate  from  proptonitril,  and  ethyl  beocoate  from  benzonitril 
(Beckurts  a.  Otto,  ChetiK  CetUr.  1877,  p.  6). 

CokeaUm. — ^By  determination  of  the  weight  required  to  separate  a  dreular  plate 
from  the  surface  of  various  liquids,  and  by  observation  of  the  heights  to  which  the 
liquids  rise  in  capillary  tubes,  it  is  found  that,  of  all  liquids  yet  examined,  the  com- 
pound ethers  are  the  least  cohesive,  and  amongst  these,  the  cohesive  force  is  smallest 
in  the  sulphur-ethers  (R  Schuls,  Pogg,  Ann,  odviii.  62-76). 

Aetionof  Hydriodie  Aeid  on  Ethers, — Simple  ethers  treated  with  this 
add  at  low  temperatures  (0^  to  4°),  axe  converted  into  alcohols  and  the  corresponding 
iodides,  m.  : 

(o*H»)«o  +  HI  -  cra»OH  +  cmn. 

MeUnrl  oxide,  however,  yields  only  methyl  iodide  without  the  alcohol. 

Mixed  ethers  are  acted  on  in  a  similar  manner,  the  iodine  attaching  itself  to 
the  lower,  and  the  hydroxyl  to  the  higher  alcohol-radicle,  e.g,  t 


^^^''^  +  HI  -  C«H»OH  +  CH»I. 


C^i^ 


With  mixed  ethers  containing  methyl,  the  reaction  is  so  complete  that  it  may 
be  used  as  a  means  of  preparing  alcohols  not  easily  obtainable  bv  other  means.  The 
corresponding  hydrocarbon,  OM^*^',  is  to  be  converted  into  the  chloride,  and  the 
chloride  into  the  mixed  ether,  OH'"'*'' — 0 — CH*,  which,  when  treated  with  hydriodie 
add  gas,  will  give  the  alcohol,  OH'a^'OH  (Silva,  Compt.  rend.  Ixxxi.  828). 

Aetion  of  Iodine  and  Alumininm, — Ethyl  oxide  is  not  affected  by  boiling 
with  aluminium  and  aluminic  iodide,  but,  on  bringing  it  in  contact  with  iodine  and 
aluminium,  a  brisk  action  takes  place  for  a  few  minutes ;  and  if  the  flask  be  then 
heated  by  immersion  in  boiling  water,  a  brownish  ethereal  liquid  distils  over,  and  a 
brown  semi-solid  substance  remains  in  the  flask,  idiich,  when  heated  to  150^,  and 
afterwards  to  200^,  gives  off  more  of  the  oily  liquid,  and  leaves  a  light  brown  residue 
almost  wholly  soluble  in  water  and  in  alcohol.    Tlds  residue,  heated  over  a  lamp, 

E'ves  off  gas  partly  absorbable  bv  bromine— the  remainder  burning  with  a  faintly 
iminous  flame — and  leaves  a  resiaue  of  alumina  mixed  with  a  little  iodine. 
The  oily  liquid,  after  being  washed  with  water,  consists  mainlvof  ethyl  iodide,  and 
the  soluble  residue  of  aluminic  iodethylate,  formed  according  to  tne  equation, 

Z{Cm*yO  +  Al«  +  I«  -  Al«|(^^*)"  +   30H»I. 

The  quantity  of  ethyl  iodide  obtained  is  however  greater  than  that  which  agrees  with 
this  equation,  so  that  the  iodetliylate  probably  suffers  partial  decomposition  into 
alumina  and  ethyl  iodide,  thus : 

At  higher  temperatures  the  ethyl  iodide  is  likewise  decomposed,  yielding  the  gaseous 
products  above  mentioned. 

Aluminium  iodethylate  is  also  formed,  with  evolution  of  hydrogen,  when  ethyl 
alcohol  is  heated  to  100°  with  aluminium  and  its  iodide : 

6(?H»0H  +  A1«I«  +  Al»  -  2A1«|^^^*)"  +   8H». 

The  residue  in  the  flask  consists  of  aluminic  iodethylate  mixed  or  combined  with 
aleoboh  and  when  heated  to  100^  to  200^  gives  off  alcoYvoV  «&si  tktVi^V  \C)^^«>  Va^^^M^ 
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slamina  with  a  small  quantity  of  iodine.  The  ultimate  result  is  therefore  the  same 
as  that  in  the  experiment  with  ether,  but  the  decomposition  of  the  iodethylate  into 
alumina  and  ethyl  iodide  appears  to  be  facilitated  by  the  alcohol  contained  in  the 
residue,  in  fact,  by  addition  of  alcohol  in  successive  quantities,  the  whole  of  the  iodine 
may  be  ultimately  converted  into  ethyl  iodide.  The  reaction  may  therefore  be 
supposed  to  take  place  in  two  stages,  as  represented  by  the  equations, 

^.j(0(?p).  ^  3C.H.0H  -   Alf  ^(ggV"  +  3C^.I, 

and  ^i^?M^*^  "  ^^*^  **•  3C*2*0?- 

Amyl  oxide,  ^0*H")K),  is  acted  upon  by  iodine  and  aluminium  in  the  same 
manner  as  ethyl  oxide,  yielding  amyl  iodide  and  aluminio  iodamylate,  Al'^OOH*^)'!'. 

The  acetates  of  ethyl  and  amyl  also  suffer  a  similar  decomposition,  yielding 
iodide  of  ethyl  or  amyl,  and  acetate  of  aluminium,  the  action  in  the  case  of  any  eonir 
pound  of  the  &tty  series,  CH^^^.C^H^'^O*,  being  represented  by  the  equation, 

6(OH«»*>.C»H»P->0«)  +  Al»  +  P  -  60H««*»I  +  A1«(OH*-»0«)« 

(Gladstone  a.  Tribe,  Chetn.  800.  J,  1876,  ii.  357). 

On  the  Selation  between  ike  Boiling  PoinU  of  Compound  Ethen  and  their  Molecular 
Structure,  see  Boiuiffo  Points  under  Hsat. 

On  the  Bifflux-ocufficiente  ofEthert,  see  Liquids. 

On  the  Beat  of  Formation  of  Ethere,  see  Hsat. 

On  litanie  Ethers,  and  the  Compounds  of  Ethers  with  Titammn  Tetrachloride, 
see  Titanium  Cokpounds. 

BTBZOVZC  ACZB,  C«H«SK)»  -  0«H*<;^q,^jJ^.    This  acid  is  most  easily 

prepared  by  the  direct  action  of  sulphuric  add  on  isethionic  acid,  C'HXOH)(SO'H). 
Banum  isethionate  is  triturated  witn  the  calculated  quantity  of  sulphuric  add,  the 
mixture  diluted  with  water  and  filtered,  and  the  mtzate  saturated  with  barium 
carbonate.  The  solution,  after  another  filtration,  is  evaporated  on  the  water^bath,  the 
residue  stirred  up  with  water,  the  separated  barium  sulphate  filtered  ofl^  the  filtrate^ 
again  evaporated,  and  these  operations  are  rroeated  as  long  as  barium  sulphate* 
continues  to  separate.  Bj  this  treatment  about }  of  the  isethionic  add  is  found  to  be 
converted  into  ethionic  acid  (Erlenmeyer  a.  Carl,  N,  Bep,  PAarm.xxiii.  428). 

aTKOMBTBOXTBBWZOZC     or     MBTH 1  A-aTgT&->»aTOOATB- 

U  OH"(0CH"X0C«H»)C0«H.    See  Benzoic  mns  (dioxt-),  (p.  291). 

HLCZB.  The  potassium  salt  of  this  add,  CK)XC^*)K,  heated 
to  210^-216^,  gives  off  carbon  monoxide,  and  is  converted  into  ethyl-carbonate, 
GO*(G^*)K  (Eltekoff,  Deut,  Chem,  (jcs,  Ber,  vi.  1259). 

BTROXTBRAOT&ZC      or      ■TUVb-PAXAOXTBaVSOZO      AOZBi 

C«H«(0(?H»)— CO«H,  is  formed  by  oxidising  ethyl  phloretic  add,  0»HX0O«H»)--OO«H, 
with  cold  chromic  add  mixture.  As  thus  produced  it  melts  at  196^,  and  exhibits  aU 
the  other  properties  ascribed  to  it  by  Ladenburg  a.  Fits  {\sU  9e^pl,  898).  See 
Phlorbtic  Aoid  (Eomer  a.  Oorbetta,  Veut,  Chem,  Gee,  Ber,  vii.  1781). 

aTBOXTZSOBUTTBZC  ACZBi  H*G^^^COOH'  ^  ^^rmed,  as  potaadum 

salt,  by  the  action  of  alcoholic  potash  on  an  alcoholic  solution  of  monobromoisobutyrie 
acid.  It  is  a  colourless  liquid,  of  penetrating  ethereal  odour,  and  pungent  burning 
taste,  soluble  in  alcohol  and  ether,  and  sparingly  in  water.  Sp.  gr.  at  0°  a  1*0211 ; 
at  1 6®  >■  1*0101,  water  at  the  same  temperatures  being  1.  It  tosmn  eadly  soluble 
and  crystallisable  salts.  The  silver  salt,  CS*H*^0'Ag,  crystallises  from  hot  water  in 
white  laminie,  which  in  the  moist  state  quickly  turn  brown  in  the  light.  The 
lead  salt,  (G'H"0')'Fb  -i-  H^O,  crystallises  from  water,  in  white  translucent  prisms. 
The  barium  salt,  (G*H»0*)*Ba  +  H'O,  forms  thick  transparent  prisms.  The  tine 
salt,^  (G'H^^O')'Zn,  when  freshly  prepared,  crystallises  from  hot  water  in  pearly 
lamine,  which  gradually  lose  water  when  dried  by  heat  or  over  sulphuric  add,  and 
yield  an  insoluble  bade  salt.  The  copper  salt  forms  green  laminie;  the  sodium 
salt  a  granular  ciystalline  mass ;  both  eadly  soluble  in  water  and  alcohol  (Hell  a. 
Wald^ner,  Deut,  Chem,  Ges,  Ber,  x.  448). 

aTBOXTVAXAMZBOBSVXOZC  ACZB,  G*H"NO*     » 

G*H«(OH)— G«H»(NH«)GOOH(LBdenbupg,  Deut  Chem.  Ges,  Ber.  vi.  129).  This  acid, 
metameric  with  tyrosine,  C^*(OH)— C«H*(NH«)COOH  (paraphenoxy-amidopropionic 
acid,  1st  Suppl.  iiiZ),  is  piepared  by  heating  ethylene  oxiaeand  paramidobenaoae 
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acid  (1  moL  of  each)  in  sealed  tubes  to  60**  for  two  days,  nnsing  out  the  contents  of 
the  tubes  with  cold  water,  which  disBolyes  but  yeiy  little  of  them,  then  repeatedly 
washing  the  residue  with  cold  alcohol,  and  crystallising  it  serend  times  fh>m  warm  yery 
dilute  ^cohol. 

Ethoxyparamidobenzoic  acid  thus  obtained  crystallises  in  beautiftil  prisms, 
sparingly  soluble  in  cold  water  and  alcohol,  easily  in  hot  dilute  alcohol.  It  melts  at 
187^.  Its  solutions  giye  no  turbidity  with  lead  acetate,  whereas  this  salt  added  to 
hot  solutions  of  paramidobensoic  acid,  produces  after  a  few  seconds  a  crystalline 
precipitate  consisting  of  a  double  salt  of  paramidobensoate  and  acetate  of  lead, 
C'H'NOS.p, 

Ethoxyparamidobenioic  add  unites  both  with  acids  and  with  bases.  The  tneUdlic 
€tkoxyparamidobmMoatet  are  for  the  most  part  easily  soluble  in  water.  Ethoxwara- 
midi£efueio  miraU^  0*H"NO'.HNO',  is  formed  by  dissolying  the  acid  in  yery  dilute 
nitric  acid,  and  separates  on  leaying  the  solution  to  cool,  in  laminae,  the  solution  of 
which  when  slowly  eyaporated  yields  the  salt  in  beautiful  needles  and  prisms. 

»THaXlTH10»T*  OH&OBIBS,  80(0C^*)01,  is  formed  by  the  action  of 
phosphorus  pentachloride  on  the  ethylic  sulphite  prepared  from  sulphur  chloride  and 
alcohol: 

SO^^l  +  PCI*  -  POl'O  +  0»H»C1    +   80^^^*. 

The  action  takes  place  at  ordinary  temperatures,  merely  requirmg  the  aid  of  heat 

towards  the  end.    The  same  compound  is  formed,  though  in  small  quantity  only,  by 

passing  hydrochloric  add  gas  into  alcohol  saturated  with  sulphurous  add,  and  heating 

the  resultinff  liquid  in  a  sealed  tube  placed  in  the  watez^bath. 

Ethoxythionyl  chloiideia  a  colourless,  slightly  filming  liquid,  which  boils  at  122® ; 

CI 
the  isomeric  compound  ethyl-tnlphonie  chloride,  SO'qi^b,  boils  at  171^.    It  is  readily 

decomposed  by  water,  yielding  hydrochloric  acid,  alcohol,  and  sulphurous  oxide : 

S^CP^*    +  H«0  -  HOI  +  C«H»OH  +  80«. 

It  is  not  attacked  by  phosphorus  pentachloride  at  the  temperature  of  the  boiling 
liquid,  but  when  heated  therewith  in  sealed  tubes  to  180^,  it  yields  phosphorus  oxy- 
duoride  and  thionyl  chloride : 

80(oo»H»)ci  +  POi»  -  800i»  +  pa»o  +  C«H»C1. 

Since  thionyl  chloride  and  alcohol  yield  ethylic  sulphite  (y.  664),  and  the  pre- 
ceding experiments  show  that  the  two  ethyl-groups  in  this  ether  can  be  successiyely 
replamd  by  chlorine,  it  follows  that  ethylic  sulphite  has  the  symmetrical  constitution, 

80  "Cq^!  (Michaelis  a.  Wagner,  Deut.  Chem.  Gea.  Ber.  yii.  1078). 


IO&.  This  alcohol,  and  some  of  its  compound  ethers  (acetic, 
butyric,  &c),  haye  been  detected,  together  with  methyl  alcohol,  in  seyeral  p^rowing 
plants,  namely  in  the  fruit  and  umbel-stalks  of  Heraeitum  gigantewn^  the  fruit  of  the 
parsnep  {Pattimaea  »atiwi\  and  the  unripe  fruit  of  AntkmeuB  eerrfdUum^  and  must 
therefore  be  regarded  as  an  oecadonal  constituent  of  plant-juices  whid^  haye  not  under- 
gone the  process  of  fermentation  (CKitsdt,  JAM^t  Amtakn,  dxxyii.  844 ;  Chem,  Boe, 
J.  1876,  p.  12471 

Ethyl  alcohol  is  produced  in  the  fermentation  of  dough,  and  though  the  greater 
part  eyaporates  during  baking,  a  small  quantity  renuuns  in  the  bread,  amounting, 
according  to  Solas  {Ckem,  ifewt,  zxyiL  271X  to  0*814  per  cent.  Slices  of  bread 
which  had  been  kept  for  a  week  in  a  moderatdy  warm  room,  were  still  found  to 
contain  from  0'12  to  0*182  per  cent  alcohoL 

Ethyl  alcohol  sometimes  occurs  in  considerable  quantity  in  crude  wood-epiriU  A 
sample  of  this  spirit  from  Eahlbaum's  factoiy  in  Berlin,  was  foand  by  V.  Hemilian  to 
yielo,  as  prindpal  f^tion,  a  liquid  boiling  between  78^  and  80^,  one-fourth  of  which 
consisted  of  ethyl  alcohol  {Devt.  Chem,  Gea,  Ber,  viii.  661). 

Markownikoff  (fM.  ix.  1441,  1608)  has  detected  alcohol  and  acetone  in  the  urine 
of  diabetic  patients,  and  supposes  tnat  both  these  substances  are  formed  in  the 
organism  by  a  fermentation  of  glucose  induced  by  a  peculiar  acetone  ferment. 

Formation, — 1.  From  Ethylene.  This  gas,  brought  in  contact  with  strong 
sulphuric  add  in  ButleroVs  apparatus  for  effecting  the  continuous  absorption  of  gases 
by  liquids  {Deui,  Chem,  Gea.  Ber.  iii.  422),  is  not  absorbed  at  ordinary  temperatures ; 
but  on  heating  the  apparatus  to  160^-176^  (in  yapour  of  turpentine  oil),  rapid  and 
conimrxouB  absorption  takes  place ;  and  on  subsequeutly  dvat\Uvu%  thA  Uic^vl  '^i>&k 
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water,  and  treating  the  distillate  with  potash,  -considerable  quantities  of  alcohol  are 
obtained.  In  Berthelot*s  method  of  effecting  the  absorption  of  ethylene-gas  with 
sulphuric  acid  by  continued  agitation  (i.  72),  it  is  not  improbable  that  the  effect  was 
due  to  the  heat  developed  by  the  agitation  (Goriainow  a.  Butlerow,  LUbi^s  A»nale», 
dxix.  146). 

2.  From  milk-sugar.  According  to  Keichardt  (Arch,  Pharm.  r3],T.  210),  milk- 
sugar  in  contact  with  yeast  passes  into  alcoholic  fermentation  at  30^.  This  obserra- 
tiun  explains  the  preparation  ot  an  alcoholic  drink,  namely  koumiss,  from  mares' 
milk,  in  the  warm  climate  of  Asia,  also  the  prevention  of  fermentation  in  milk  by 
rapid  cooling  and  preservation  in  cool  places,  and  protection  from  the  contact  of 
ferments  such  as  dough,  yeast,  water  containing  fermenting  liquids,  &c. 

Preparation  of  Absolute  Alcohol. — According  to  C.  Bullock  (Pharm,  J,  TVom.  [3], 
iy.  891),  the  distillation  of  spirit  over  quick-lime  yields  but  a  small  quantity  of 
perfectly  absolute  alcohol,  the  first  and  last  portions  of  the  distillate  always  containing 
water.  All  the  distillates  contain  lime,  which  may  be  removed  by  distillation  over 
tartaric  acid.  J.  L.  Smith  {Amer.  Chefnist,  r.  120)  prepares  absolute  alcohol  by 
shaking  180  grams  of  coarsely  pounded  quick-lime  into  1^  litre  of  alcohol  of  94  per 
cent.,  and  leaving  the  mixture  to  itself  for  a  week,  whereby  the  alcohol  is  brought  up 
to  the  strength  of  98  per  cent.  This  stronger  alcohol  is  then  drawn  off  by  a  syphon, 
heated  for  two  hours  in  a  vessel  with  reversed  condenser  with  a  fresh  quantity  of 
lime  (120  grams  to  a  litre)  and  then  distilled. 

According  to  Dittmar  a.  Stewart  (Chem.  News^  xxxiii.  63),  the  last  portions  of 
water  are  retained  by  alcohol  with  great  obstinacy.  Alcohol  containing  from  5  to 
28  per  cent,  water  boils  between  77*4°  and  78®  (absolute  alcohol  at  78®). 

Oxidation  by  Oeone, — ^According  to  A.  Boillot  (Compt.  rend,  Ixxvi.  1182),  absolute 
alcohol  through  which  oeonised  oxygen  or  air  is  passed,  yields  acetic  add,  formic  add, 
and  apparently  also  ethyl  acetate.  There  is  also  formed  a  very  small  quantity  of  a 
compound  which  remains,  on  evaporation  of  the  alcohol,  as  a  white  powder  soluble 
in  water. 

By  MectroJ^tio   Oxygen, — ^When  ethyl  alcohol,  slighUy  addulated  with  dilute 

sulphuric  add,  is  submitted  to  electrolysis,  hydrogen  gas  is  evolved  at  the  negatire 

pole,  but  the  oxygen,  which  would  otherwise  be  liberated,  is  entirely  consumed  in 

oxidising  the  alcohol.    In  experiments  made  by  A.  Benard  (Conwt,  rmd»  Izxx.  105), 

che  liquid  distilled  after  48  hours'  action  be^m  to  boil  at  42®,  the  boiling  point 

rising  gradually  to  80®,  and  the  distillate  saturated  with  calcium  chloride,  and 

fractionated,  yielded  a  considerable  quantity  of  aldehyde,  ethyl  formate,  and  ethyl 

(GO'S* 
acetate,  together  with  very  small  quantities  of  acetal,  GfS*  j QQ,m, and  ethylidene 

QQ     .    This  last  compound,  which  passes  over  between  80® 

and  90®,  is  not  attacked  by  alkalis,  but  is  oxidised  by  chromic  add  to  acetic  add,  th#) 
molecular  weight,  represented  by  the  formula  just  given,  yielding  sensibly  2  mols.  of 
that  acid.  The  residue  of  the  distillation  of  the  oxidised  alcohol  contained  ethyl- 
sulphuric  add,  likewise  resulting  from  the  electrolytic  action. 

Action  of  Platinum-metals. — Finely  divided  rhodium,  iridium,  and  ruthenium  in 
presence  of  an  alkali,  decompose  alcohol,  with  elimination  of  hydrogen  and  formation 
of  an  acetate  (Deville  a.  Bebray,  Compt.  rend  Ixxviii.  1782). 

Action  of  Bromine, — "When  bromine  is  dropped  at  intervals,  so  as  to  avoid  rise  of 
temperature,  into  absolute  alcohol  contained  in  a  long-necked  fiadc,  the  neek  then  sealed, 
and  the  flask  heated  on  the  water-bath  for  sereral  hours  till  the  liquid  haabeoome  colour- 
less, gas  escapes  on  opening  the  flask,  and  the  liquid  is  found  to  be  separated  into  two 
layers,  the  upper  consisting  of  aqueous  hydiobromic  add,  and  the  lower  of  ethyl 
bromide,  free  bromal,  and  bromal  alcohoUte,  G^r*G.G^*G  or  GBr*.GH(GHXOG*H*). 
The  reaction  may  be  represented  by  the  equation, 

30«H*0  +  8Br  «  C«H»Br  +  C«HBr»G.C'H«G  +   4HBr  +  EH) 

(E.  Hardy,  Compt.  rend.  Ixxix.  806). 

Detection  and  Estimation, — Riche  a.  Bardy  {Compt.  rend  Ixxxii.  768)  employ,  for 
the  detection  of  ethvl  alcohol  in  presence  of  methyl  alcohol,  acetone,  formic  add,  and 
other  substances,  the  violet  coloration  which  acetaldehyde,  in  common  with  eome 
other  bodies  of  the  same  dass,  produces  with  solutions  of  rosaniline. 

About  4  cc.  of  the  liquid  to  be  examined  are  placed  in  a  flask  with  6  cc.  of 
ordinary  sulphuric  acid  and  10  cc.  of  water ;  7  or  8  cc.  are  then  distilled  over  into  10 
cc.  of  water ;  and  to  this  liquid  5  cc.  of  sulphuric  add,  together  with  10  cc.  of  solution 
of  permangHoatc  cif  4®  B.,  are  subsequently  added.    After  five  minutes  have  elapsed 
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4  C.C.  of  solntion  of  eodium  tbiosnlphate  of  83^  B.  and  4  c.c.  of  eolation  of  magenta 
('02  grm.  per  litre)* are  added.  Under  these  conditions  wood-spirit  unmixed  with 
ethyl  alcohol  gives  a  yellowish-white  liquid ;  bnt  if  ethyl  alcohol  is  present  the  solution 
assomes  a  violet  colonr,  the  intensity  of  which  necessarily  varies  with  the  quantity  of 
aldehyde  formed. 

Acetone,  formic  acid,  and  isopropyl  alcohol,  treated  in  a  similar  manner,  give  no 
coloration  ;  moreover,  while  nonnal  propyl-,  isobutyl-,  and  isoamyl-alcohols  are  not 
found  in  commercial  wood-spirit,  their  aldehydes  nnder  sifaiilar  circumstances  affect 
rosaoiline  in  a  manner  totally  different  from  that  of  common  aldehyde,  and  do  not 
produce  a  violet  coloration. 

The  presence  of  alcohol  may  also  be  detected  in  water  by  means  of  this  reaction ; 
the  sensibility  of  the  test  being  sufficient  to  detect  1  part  of  alcohol  in  1,000  parts  of 
water. 

For  the  detection  and  estimation  of  ethyl-alcohol  in  woodrnvrit^  Berthelot  heats 
the  liquid  with  twice  its  volume  of  strong  sulphuric  acid.  If  onij  1  per  cent,  of 
ethyl-alcohol  is  present,  ethylene  gas  is  evolved  and  may  be  estimated  with  bromine 
(Cofi^.  rend.  Ixzz.  1089). 

For  the  detection  of  futel  oU  in  alcohol,  Bottger  recommends  the  use  of  a  dilute 
solution  of  potsssium  permanganate,  which  is  decolorised  by  amyl  alcohol  much  more 
easily  than  hj  ethyl  alcohol  {Dmgl.  pol.  J,  ccvii.  516).  The  method  recommended 
by  &uvier  {Zeitsckr,  anal.  Cktrn,  1872,  843),  consisting  in  shaking  up  the  spirit 
with  a  few  lumps  of  potassium  iodide,  whereby  a  li^ht  yellow  colour  is  said  to  be 
imparted  to  the  liquid  in  consequence  of  the  separation  of  iodine,  is,  according  to 
Bottger,  not  to  be  relied  on,  inasmuch  as  potassium  iodide  is  not  decomposed  by  pure 
amyl  alcohol,  but  only  bv  the  acids  which  are  present  in  spirit  of  inferior  quality. 

For  the  estimation  of  eUivl  alcohol  in  tinctures,  BosenbUtt  {Rumb,  Zeitsekr,  Pharm, 
1872,  618)  introduces  into  a  burette  holding  16  cub.  cent,  divided  into  0*1  cub.  cent. 
and  closed  at  the  bottom,  7  cub.  cent,  of  officinal  chloroform,  and  8  cub.  cent,  of  the 
alcoholic  liquid  under  examination ;  then  closes  the  burette  with  a  cork ;  shakes  the 
liquid  vigorously ;  places  the  burette  for  a  few  minutes  in  water  of  40^-60® ;  agitates 
again ;  and  cools  the  liquid  to  1 7^«  The  volume  of  the  two  liquids  should  then  measure 
exactly  16  cub.  cent ;  if  it  is  larger  the  agitation  must  be  repeated.  An  exact 
observation  is  now  to  be  made  of  the  division  of  the  burette  which  coincides  with  the 
sur&ce  of  separation  of  the  two  liquids,  and  the  amount  of  alcohol  is  calculated  from 
the  following  table : 

Cub.  cent.     Alcohol. 

2*6    gives  75  per  cent.  Tralles. 
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A  comparison  of  different  methods  of  estimating  alcohol,  viz.  by  the  vaporimetrio 
method,  the  distillation  method,  and  the  saccharimetric  method,  is  given  by  A.  Krafft 
(Zmtsckr,  anal.  Ckem,  1878,  48;  Jahretb,/.  Chem.  1878,  951). 

On  a  Compound  of  Ethyl-alcohol  with  Mlj/l  cyanide,  0*H*CN.3C*H*0,  see  2nd 
Syppl.  p.  491 ;  with  Antinumie  Chloride,  see  AjmxoNT  (p.  114). 


Ethyl  bromide  treated  with  bromine 
yields  bromethyl  bromide  or  ethylidene  bromide,  OH' — OHBr*  (b.  p.  114*^,  ethylene 
bromide,  OH'Br— OH*Br  (b.  p.  181^),  and  dibromethyl  bromide,  O^'Br*  (b.  p.  187''). 
The  first  two  compounds  may  be  completely  separatea  from  one  another  bv  an  alcoholic 
solution  of  potassium  hvdrosulphide,  the  bromethyl  bromide  remaining  unaltered 
whilst  the  ethylene  bromide  is  converted  into  eth^lene-mercaptan,  OH*(SH) — OH^SH). 

When  bromethyl  bromide  thus  purified  is  treated  with  aqueous  or  alcoholic 
ammonia,  it  yields  collidine,  CH^N,  boiling  at  181®.  With  potassium  acetate  in 
alcoholic  solution,  it  yields  aldehyde  and  acetiu ;  but  ethylene  diacetate,  which  Oaventov 
mentions  as  one  of  the  products  (Ut  Suppl.  594),  was  not  observed  by  Tawildarow. 
Bromethyl  bromide,  heated  with  water  and  lead  oxide,  yields  nothing  but  aldehyde. 

Dibromethyl  bromide,  OH*Br— CffBr*,  is  dlso  produced  by  the  action  of  bromine 
on  ethylene  bromide.  Treated  with  sodium  ethylate  it  forms  two  ispmeric  compounds, 
0^'Br',  one  of  which  boils  at  91®,  the  other  at  161®. 

CmKSL      ABtian   of    Sulfkuric  Anhydride.  — The 
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secondary  products  formed  in  this  reaction,  and  oocnrrin^  in  the  wash-waten  obtained 
on  treating  the  chlorosnlphario  ether,  O'B^.SO'.Ol,  which  is  the  chief  product,  with 
water,  have  been  examined  by  E.  t.  Pnrgold  {Deut,  Cfhem,  Gea.  Ber,  yi.  602).  On 
separatinff  the  free  sulphuric  and  ethylsulphuric  acid  by  boiling  with  lead  carbonate, 
freeing  the  filtrate  £rom  lead  by  sulphuretted  hydrogen,  evaporating  off  the  free 
hydrochloric  add,  and  neutralising  the  solution  witn  barium  carbonate,  a  chlorinated 
barium  salt  was  obtainedj  the  quantities  of  chlorine  and  barium  in  whidi  corresponded 
with  mixture  of  barium  isethionate  and  ohlorisethionate.  On  adding  alcohol  to  the 
liquid  and  leaving  it  to  itself  for  a  while,  the  chlorisethionate,  (0>HK:ilSO*)'Ba  +  2HH), 
crystallised  out  in  the  pure  state.  The  presence  of  isethionie  aoid  was  not  directljr 
proved,  but  its  supposed  existence  in  the  mixture  is  corrolxnated  by  the  &et  that  this 
acid  is  fbrmed,  with  evolution  of  hydrochloric  acid,  by  the  action  elf  fuming  sulphuric 
acid  on  ethylsulphuric  chloride,  CH^O.SO^.Cl,  a  reaction  analogous  to  the  conversion 
of  ethylsulphuric  into  isethionie  acid  by  the  action  of  sul|>huric  anhydride,  obeerved  by 
Meves  (Liebi^B  Jnnalent  cxliii.  64),  and  to  the  formation  of  oxetfaylene-disalphonic 
acid  bv  the  action  of  sulphuric  anhydride  in  excess  on  ethyl  chloride,  observed  by 
Furgold.  From  these  results  it  may  be  inferred  that  the  action  of  sulphuric  an- 
hydride on  ethyl  chloride  nves  rise  to  the  formation  of  the  three  isomeric  compounds, 
chlorisethionic  add,  0>H^J30*.0H,  isethionie  chloride,  C*H\0H).S0'.C1,  and  ethyl- 
sulphuric chloride,  CH'.O.SO'.Ol  (v.  Pnrgold,  Deut,  Chem,  Get.  Ber.  vi.  502). 


CH'L    It  has  been  observed  by  F^tem6  {Chut,  ehim,  itcL 
iv.  149),  and  confirmed  by  H.  Schifif  (Deui.  Chem,  Gee,  Ber.  viL  592),  that  in  the 

E reparation  of  this  ether  (and  of  ethyl  acetate)  a  better  product  is  obtained  with 
yorated  thui  with  absolute  alcohol. 


OXZBBf  (0'H*)*0.  Action  of  Oeone. — ^When  a  slow  stream  of  ocone 
(produced  from  oxygen  by  a  succeedon  of  electric  discharges,  and  carefully  dried  with 
sulphuric  acid^  is  passed  into  ether,  each  bubble  produces  a  violent  reaction,  and  a 
liquid  gradually  settles  to  the  bottom,  condsting  chiefiy  of  acetic  and  oxalic,  with  a 
little  formic  add,  a  larger  quantity  of  hjrdrogen  dioxide,  and  probably  also  small 
quantities  of  aldehyde  (A.  W.  Wright,  801.  Am,  J,  [3],  vii.  184). 

Compound  with  Bromine,  2C^H*'0.8Br'. — This  compound  is  formed,  by  direct 
combination  of  ether  and  bromine,  as  a  heavy  garnet-red  oil  which  solidifies  in  a 
freezing  mixture.  When  purified  by  draining  off  the  liquid  portion  and  recrystallis- 
ing,  it  condsts  of  brilliant  plates  resembling  chromic  trioxide  and  mdting  at  about 
22°.  It  has  a  strong  and  irritating  odour,  but  does  not  give  off  bromine  at  the 
ordinary  temperature ;  it  is  very  deliquescent,  and  is  decomposed  by  water  into  its  con- 
stituents. On  keeping  it  for  some  time,  it  becomes  liquid  and  gives  off  hydrobromie 
acid.  When  it  is  neated,  ebullition  begins  at  80°,  and  hydrobromie  acid  and  ethyl 
bromide  are  produced.  By  heatiuff  it  in  a  water-bath  in  sealed  tubes,  it  is  resolved 
into  water,  hydrobromie  add,  ethyl  bromide,  dibromaldehyde,  bromal  and  tribromo- 
dialdehyde : 

2C<H"0Br«  -  HK)  +  HBr  +  8C«H»Br  +   C«H«BrK). 
8CH«Br«0    =  C»HBr«0  +  C*H»Br«0«. 


£J 


TribromodiMehyde,  O^H^Br'O^  is  a  colourless,  heavy,  oily  liquid,  boiling  at  about 
175°,  and  having  a  strong  and  penetrating  odour  (Schutsenberger,  Compt.  rend. 
Ixxv.  1611). 

On  the  Oompound  of  Ethyl  Oxide  with  AnOmonic  chloride^  see  Ajrmcoorr  (p.  114). 

BletHylto  Bthyl  Ozlda,  C*H>*0-C>H«.O.C<H<(C>H*)>  (Lieben,  LUbi^e  An- 
nalen,  clxxviii.  1).  This  compound  is  most  conveniently  prepared  by  digesting 
chlorethylic  ethyl  oxide,  C'H*.0.C<H'(C>H*.C1),  with  rather  less  than  the  theoretical 
quantitv  of  sine-ethyl  in  a  copper  vessel  in  wmch  a  pressure  of  about  one  extra  atmo- 
sphere IS  maintained.  Among  the  products  are  alcohol,  hexylene,  dnc  ethylate,  and 
ethane.    The  reactions  may  bd  represented  as  follows : — 


(1.)  2C«H» 
(2.)  2C»H» 


rci 


0«H»      +  ZnjSS.  -  Zna»  +  2C»H» 

.  C»H»      =  2C«H"  +   2C«H»H0. 
0C^» 
(3.)  2C«H»0H  +  Zn(C*H»)»  -  Zn(OC«H»)«  +   2C*E*, 


C»H« 


00»H» 


Besides  the  above  mentioned  substances,  two  viscous  products  were  obtained,  one 
of  which  boiled  at  libout  200°,  while  the  other  boiled  above  300°.    The  former  of 
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these  gare  numben  corresponding  with  the  fbrmnUi  C'H'H)',  and  was  probably 
formed  by  the  elimination  cSt  2H(3  from  2  mols.  of  chlorethyb'e  ethyl  oxide ;  while 
the  latter,  w^ich  contained  C**H*^,  was  perhaps  derived  from  5  mols.  of  chlorethylio 
ethyl  oxide,  with  elimination  of  6HG1  and  4G*H'0. 

The  crude  diethylic  ethyl  oxide,  obtained  as  above  described,  boiled  at  126^-150°, 
and  contained  about  6  per  cent,  of  chlorine,  this  being  clearly  due  to  the  presence  of 
nnaltered  chlorethylic  ethyl  oxide ;  and  prolonged  digestion  with  sine-ethyl,  or  with 
sodiom  and  ethyl  iodide,  did  not  entirely  convert  this  compound  into  dietljylic  ethyl 
oxide,  while  its  separation  by  fractional  distillation  was  found  to  be  impracticable. 
The  last  traces  of  chlorethylic  ethyl  oxide  were,  however,  removed  by  the  long  con- 
tinned  action  of  metallic  sodium  at  140°,  and  then  frnctionation  yielded  pure  diethylic 
ethyl  oxide.  The  sodium  employed  in  the  above  process  becomes  converted  into  a  yel- 
lowish product,  which  oontuns  sodium  ethylate  and  the  sodium  salt  of  some  organic 
acid  or  adds.  Diethylic  ethyl  oxide  may  also  be  prepared  by  the  action  of  sine  on  a 
mixture  of  chlorethylic  ethyl  oxide  and  ethyl  iodide. 

Diethylic  ethyl  oxide  boils  at  18 1^  and  has  a  sp.  gr.  of  0*7866  at  0^  0*7702  at 
20^  and  0*7674  at  40''.  Heated  to  120<^-140°  for  20-^0  hours  with  hydriodic  acid 
of  sp.  gr.  1*96,  it  is  converted  into  ethyl  iodide  and  hexyl  iodide : 

C»H»0  +  2HI  -  C»H»I   +  C«H"I  +  H«0, 

and  the  he:i^l  iodide  treated  with  silver  acetate  and  glacial  acetic  acid,  yields  a 
hexylene  boiling  at  67^-68°,  and  a  heir^l  acetate  boiling  at  164^-167°.  The  hexyl 
alcohol  obtiuned  by  the  saponification  of  this  acetate  forms  an  aromatic  oil  boiling 
at  138°,  and  its  oxidation  by  dilute  chromic  acid  mixture  leads  to  tJie  formation  of 
butyric  acid,  acetic  acid,  ana  perhaps  a  trace  of  propionic  acid,  or  rather  of  the  ethers 
of  these  acids.  Moreover,  the  hexylene  just  mentioned  is  reconverted  into  an  iodide 
by  the  action  of  strong  hydriodic  acid,  and  the  alcohol  obtained  from  this  iodide  like- 
wise yields,  by  oxidation,  butyric  and  acetic  adds,  which  acids  are  also  produced  by 
oxidation  of  the  hexylene  itself. 

These  results,  more  especially  the  reaction  of  diethylic  ethyl  oxide  with  hydriodic 
acid,  and  the  subsequent  oxidation  of  the  hexylene  compounds,  indicate  that  aiethylic 
ethyl  oxide  ia  a  hexylic  ethylate  or  ethylic  hezylate,  represented  by  the  formula, 

CH».CH«.CH«.OH(00»H»).CH«.CH» 
or  CH».Cfl».CH».OH«.CH«.dH«.OC«H»; 

and  chlorethylic  ethyl  oxide  is  most  probably  represented  by  the  formula, 

CH».CC1(OC«H»).CH«.OH». 


SUXiVBZBB  and  KTlMROSUXiVXZBB.     On  the  compounds  of 
these  bodies  with  titanic  chloride,  see  TrrAKniM. 


See  ALLTLAMnni  (p.  61). 

A  concentrated  aqueous  solution  of  ethylamine  may  be 
dehydrated  by  potassium  hydrate  to  such  a  degree  that  the  potash  suffers  no  further 
alteration  by  immersion  in  the  remaining  liquid.  On  dialling  such  a  solution, 
ethylamine  is  at  first  evolved  as  gas,  but  very  soon  a  liquid  begins  to  pass  over,  and 
the  entire  distillation  is  completed  before  the  temperature  of  the  liquid  rises  to  76°. 
This  liquid  is  probably  a  d^nita  hydrate  of  ethylamine  (Wallach,  IMtU,  Chem. 
Qes.  Ber.  vii.  326). 

Ethylamine  heated  to  100°  in  sealed  tubes  with  an  alcoholic  solution  of  nuthvlene 
iocUde,  yields,  togeUier  with  ethylamine  hydriodide,  the  hydriodide  of  tetrethyl- 

tetramethene-tetramine  )Qjn\{  {N\  which  in  the  free  state  is  a  very  volatile 

oily  base,  very  soluble  in  all  acids,  but  not  forming  crystallisable  salts.    The  platino- 

chloride,  which  is  perfectly  amorphous,  has  the  composition  >nm\4  [  N^2HCl.Pt01^ 

The  base  is  related  to  Butlerow's  hexmethylenamine  (Ut  Suppi,  829),  but  difibrs  from 
it  considerably  in  its  properties  (Julie  Lermontoff,  DettL  Chem.  Qts,  Ber,  vii.  1262). 

Aeiion  of  Chloride  of  Lime  on  Ethylamine  Hydrochloride  {3,  Tcher- 
niak,  Deui.  Cnem,  Ges.  Ber.  ix.  148). — The  products  of  this  reaction  vary  according 
to  the  quantity  of  bleaching  powder  used.  If  this  quantity  is  not  suffident  for  the 
complete  converdon  of  the  ethylamine  into  dichlorethylamine  (e.ff,  4  or  6  parts  of 
bleaching  powder  to  1  pt.  of  ethylamine  hydrochloride)  an  oil  is  obtained  which  de- 
composes, even  at  ordinary  temperatures,  into  a  mixture  consisting  chiefly  of  hydro- 
chloride  and  chlorate  oi  ethylamine.    On  heating  the  omde  product^  nitroc^en,  chlorinat 
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and  ethane  are  erolyed,  sometimes  vith  explosiye  violence,  and  the  chlorine  exerts  a 
decomposing  action  on  the  dichlorethylamine.  The  crnde  product,  when  qnickly 
distillMl,  passes  over  for  the  most  part  between  76^  and  96°,  the  distillate  consisting 
of  a  mixture  of  chloroform  and  dichlorethylamine,  while  ethjlamine  hydrochloride 
remains  behind. 

Dichlorethylamine,  C^K!!1^.  To  prepare  this  base,  ethylamine  hydro- 
chloride (100  grams)  is  added  in  portions  of  25  grams  to  250  grams  of  bleaching 
powder  made  into  a  diick  cream  with  water,  and  the  mixtnre  is  distilled  so  long  as 
oily  drops  pass  over.  The  product  is  again  distilled  with  the  same  quantity  of 
bleaching  powder ;  the  distillate  is  washed  with  water  and  shaken  with  an  equal 
Tolume  of  dilute  sulphuric  acid  (1  to  1);  and  the  clear  oily  liquid  which  separates 
is  washed  with  weak  soda  and  with  water,  and  dried  over  calcinm  chloride.  By 
fractional  distillation  of  this  oily  liquid  a  large  quantity  of  pure  dichlorethylamine, 
boiling  at  88^-89^,  is  obtained.  The  pure  substance  is  a  dear,  golden-yellow,  highly 
refractiye  oil  of  extremely  penetratmg  odour.  Its  sp.  gr.  is  1*2300  at  16^,  and 
1*2397  at  5°,  water  at  the  same  temperatures  being  1.  At  —80°  it  oontraeta  con- 
siderably without  solidifying.    It  may  be  kept  indefinitely  without  alteration. 

Action  of  Zinc-ethi/l  on  Dichlorethylamine, — ^The  pure  substances  react  together 
with  explosive  violence.  When  the  action  is  moderated  bpr  diluting  both  substances 
with  ether  and  mixing  them  very  gradually,  the  product  is  a  mixture  of  ethylamine 
and  triethylamine. 

Since  dichlorethylamine,  by  exchanging  two  atoms  of  chlorine  for  ethyl,  yields 
triethylamine,  it  is  evident  that  the  chlorine  contained  in  it  must  be  combined  directly 
with  nitrogen,  and  the  formation  of  triethylamine  must  be  represented  thus : — 


N 


CI        +  ZnJxS.  =  nJc«H»  +  ZnCl«. 
.01  l^^  lO«H» 


The  formation  of  eihylanUfne  in  the  foifcoing  reaction  is  explained  by  the  peculiar 
position  of  the  chlorine-atoms  in  dichlorethylamine,  in  virtue  of  which  they  possess 
a  substituting  capacity  analogous  to  that  of  free  chlorine,  so  that  dichlorethylamine,  in 
contact  with  man^  organic  substances,  such  as  acetic  add,  ether,  &c.,  is  able  to 
exchange  its  chlorine  for  hydrogen,  thus  regenerating  ethylamine. 

TrtetHylamlna,  NrO'H*)*.  On  heating  this  base  to  100°  in  sealed  tubes  with  an 
alcoholic  solution  of  methylene  iodide^  the  liquid  deposits  crystals  which,  when 


tallised  from  alcohol,  form  colourless  squareplates,  consisting  of  a  compound  of  triethyl- 
amine and  methylene  iodide,  (O'H'yN.Oll'l*,  or  iodomethyl-triethylamine 

iodide,    nufr  (NI.    This  last  view  of  their  constitution  is  supported  by  the  fact 

that  the  compound,  when  heated  in  aqueous  solution  with  recently  precipitated  silver 
chloride,  exchanges  only  1  atom  of  its  iodine  for  chlorine.  The  resulting  chlorinated 
compound  forms  with  platinic  chloride  a  double  salt  which  crystallises  in  splendid 
octonedrons.  It  has  not  been  found  possible  to  obtain  a  base  free  from,  iodine  br 
treating  the  iodide  with  silver  oxide  (Julie  Lermoutoff,  Deut,  Chem.  Gee,  Ber,  viu 
1272). 

When  triethylamine  is  heated  with  ethylie  chhropropianate  in  sealed  tubes  for 
several  hours  to  about  200°,  triethylamine  hydrochloride  and  tetrethylammonium 
chloride  are  produced,  together  wiUi  ethvl  diloride  and  perhaps  ethyl  acrylate 
(Briihl,  Deut,  Chem,  Gee.  Ber,  ix.  84). 

On  the  identity  of  the  compounds, 


CB*\  0»HM 


CHnN  +  C«H»C1    and    0«H»   N  +   CHH3L 
0«H»J  CH»^ 

see  Ammovium  Salts  (p.  74). 

0*H*.0*H".    See  HxprAictt  (2nd  8uppL  642). 

G'H».G0.0*H'>.    See  Kwrroms  and  PmAcouxs. 


CH^N 


LTbe  hydriodido  of  this  base  is  formed,  toeethor  with  another 
compound,  by  heating  anhydrobeusoyl-diamidobenzone,  0"H^*N'  (see  BxvzAiriijnH; 
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p.  107),  with  excess  of  ethjl  iodide  to  180°.    The  free  base  is  moderately  soluble  in 
water ;  the  hydrochloride  and  the  basic  sulphate  crystallise  in  needles. 

Amyl^nkydrobenzoyl-diamidobenjtene,  C**H*'N',  obtained  in  like  manner,  crystal- 
lises from  alcohol  in  microscopic  rhombic  plates  melting  at  270°.  Its  salts  are 
ciystallisable  (Sennewald,  Deut,  Chem,  Qes.  Ser,  iz.  776). 

MTH  S UkJrzxzVB,  OH'.NH.C^*.  See  ErHTLAMmoBENZKMR  under  Bknzrnb 
(p.  206). 

■TBT3bAVnuani-SV&yBO«ZC  ACZB,  0*R*<^^^*\    See  Bmrznni- 

8VJ.PH0VI0  Acids  (p.  235). 

IXTB&OXAMXC  AOZB.    See  Htdrozakic  Ethabs. 


Aluminium  Ethylate,  A1(0C«H*)*  or  A1*(0G^»)«.  Alcohol 
is  not  decomposed  by  ^uminium  alone,  even  when  boiled  with  it  for  seyeral  hours, 
but  when  aluminium-foil  is  added  to  a  solution  of  aluminium  iodide  in  absolute 
alcohol,  or  of  iodine  in  absolute  alcohol  (whereby  aluminium  iodide  is  formed  in  the 
first  instance),  reaction  sets  in  at  ordinary  temperatures,  after  about  half-an-hour  in 
the  first  case,  immediately  in  the  second,  hydrtigen  being  evoWed  equivalent  to  the 
quantity  of  aluminium  not  combined  with  iodine,  and  a  greyish-white  pasty  residue 
being  left,  consisting  of  aluminium  ethylate  mixed  with  a  small  quantity  of  aluminium 
iodeUiylate,  which  is  decomposed  on  heating  the  residue  to  276°,  according  to  the 
equaticm, 

Al«(eC»H»)n"  -  A1«0«  +  8C»H»I. 

The  aluminium  ethylate  is  at  the  same  time  decomposed  into  aluminium,  alcohol,  and 
ethylene  gas : 

Al«(OC«fl»)«  -  A1«0*  +   8C«HK)  +   3C«H*; 

but,  on  heating  it  to  about  270°  under  diminished  pressure,  it  distils  for  the  most  part 
without  decomposition,  condensing  in  the  form  of  a  yellowish  white  solid,  while  only 
a  small  quantity  of  alumina  (equivalent  to  the  decomposition  of  10  per  cent,  of  tlia 
ethylate)  remains  behind. 

Aluminium  ethylate  dissolves  sliffhtly  in  absolute  alcohol,  and  water  added  to  the 
solution  throws  down  aluminium  hy(uate.  Hot  water  decomposes  it  rapidly,  forming 
alcohol  and  aluminium  hydrate.  It  melts  at  116°,  and  bous  somewhat  above  the 
range  of  the  mercurial  thermometer.  Exposed  to  the  air  at  ordinary  temperatures, 
it  quickly  decomposes,  yielding  alumina,  and  doubtless  also  alcohol. 

Aluminium  ethylate  afiK>r£i  the  second  instance  of  an  oxygenated  organo-metallio 
body  capable  of  distillation,  the  only  such  body  previously  known  being  caoodylio 
Mid  (Gladstone  a.  Tribe,  Chem,  8oe.  Jr.  1876,  i.  160). 

Barium  Ethylate,  C*H»»BaO«-Ba(OC«H»)«  (Berthelot,  Ji  pr,  Chem.  [2],  viu. 
22).  Barium  ethylate  is  prepared  by  adding  anhydrous  baryta  to  commercial  absolute 
alcohol,  and  leaving  it  to  stand  over  night.  The  liquid,  which  does  not  contain  any 
bsjcyta,  is  then  filtered  under  a  bell-jar,  and  again  left  in  contact  with  baryta  for 
some  hours.  The  yellow  solution  thus  obtained  is  at  once  precipitated  by  adding  a  very 
small  quantity  of  water.  On  distilling  this  liquid,  perfectly  absolute  alcohol  passes 
over,  and  banum  alooholate  separates  out.  This  compound  is  much  more  soluble  in  oold 
than  in  hot  alcohol,  and  is  obtained  pure  by  decanting  the  hot  liquid,  and  drying  the 
residue  in  the  retort  at  100°,  in  a  current  of  pure  hydrogen.  Its  alooh<dLe  solution 
slowly  absorbs  carbon  monoxide  at  ordinary  temperatures,  forming  tibe  compound 
C*H**BaO^  which  has  the  composition  of  burium  propionate,  but  difibrs  horn,  t^t 
compound  by  being  soluble  in  alcohol  and  readily  decomposed  by  water.  Berthelot 
regards  it  as  '  ethyl-formate'  of  barium ;  but  this  designation  aflbids  no  indication 
of  its  isomerism  with  the  propionate,  inasmuch  as  ethja-formic  add  is  identical  with 
propionic.    Kolbe  (ibii,  27)  suggests  that  it  may  be  the/ormyl-ethykUe  qf  barium, 


o^<ob!f  i**  -  «*■«]• 


Sodium  Ethylate,  C*H*OKa. — This  compound,  when  heated,  partly  splits  up 
into  ethylene  and  sodium  hydroxide,  but  the  letter  acts  upon  other  portions  df  the 
ethylate,  forming  sodium  acetate  and  humus-like  bodies  (Merc  a.  Weith,  J>eut,  Chem, 
Gee,  Ber.  vi.  1617). 

With  bromine,  not  in  excess,  sodium  ethylate  fonuB  alcohol,  together  with  bromide 
acetate,  and  monobromaoetate  of  ethyl ;  but  with*  excess  of  bromine,  the  chief  product 
is  dibromethylene  bromide,  (TH'B^.Br*,  accompanied  by  formic  acid,  acetic  add, 
alcohol,  and  ethyl  monobromacetate  (Sell  a.  Salzmann,  Deut,  Chem,  Get.  Ber,  vii.  496). 
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According  to  M.  Barth,  on  the  other  hand  {ibid,  iz.  1465),  when  bromine  vapour 
is  made  to  act  on  sodium  ethylate,  well  dried  in  a  stream  of  hydrogen  at  180^,  and 
afterwards  cooled  bj  a  mixture  of  snow  and  salt,  the  products  consist  of  bromal, 
ethyl  bromide  and  ethyl  acetate,  together  with  hydrogen  bromide,  sodium  bromate, 
ana  sodium  bromide. 

With  silicon  fluoride^  sodium  ethyUte  forms  tetrethylio  silicate,  and  sodium  silico- 
fluoride : 

88iF*  +  4C»H»0Na  =  8i(0C«H»)*  +  2SiF"Na« 

(Klippert,  Deut.  Chem.  Gea  Ber,  viii.  718). 

On  the  reactions  of  Sodium  Ethylate  with  CMoridett  see  2nd  8uppl.  486 ;  with 
Eihyl  acetate  and  its  derivatives,  see  Acxro-JLCBnc  Ethbbs,  p.  18  of  this  volume ;  -with 
Morphine  and  Codeine,  see  these  bases. 


See  Phenyl  Aixohols. 


>8UUHOnc  ACIB8.  C*H*SO*H.  Two  acids  having 
this  composition  are  obtained  by  digesting  ethyl-benzene  with  fuming  sulphuric  acid 
at  the  heat  of  the  water-bath.  On  treating  the  product  with  potash,  two  potassium 
salts  are  obtained,  the  more  abundant  and  less  soluble  of  which  erystallises  welL 
This  salt,  when  fused  with  potassium  hydrate,  yields  chiefiy  solid  ethyl-phenol, 
C*H\0'H*)OH ;  the  chloride  obtained  nom  it  forms,  with  ammonia,  a  oystallisable 
amide  melting  at  108°.  The  other  potassium  salt,  whioh  is  mudi  more  soluble  but 
likewise  erystallisable,  yields  a  crystallisable  amide  having  a  lower  melting  point. 
The  existence  of  these  two  ethyl-bensene-mlphonie  adds  ex^ains  the  formation  of 
two  isomeric  ethyl-phenols  from  potassium  ethyl-bencene-sidphonate,  observed  by 
Seilstein  a.  Euhlberg  (Liebi^s  Jnnaien,  dvi.  211). 

^SOXAMXO  AOIB.    See  Htdboxamic  Ethkbs. 
kUT¥X  PIWACOliZV.    See  PofACOLnrs. 


,  COzzN — CH*.  A  compound  supposed  by 
V.  Zotta  to  be  formed  in  the  decomposition  of  diethyl-earbamide  by  nitroiis  add 
(p.  390). 

■XBTA-OBBSOUiUXirBOVZC      AOZB,    CTH^jgl^**  is  formed  by  the 

action  of  absolute  alcohol  on  dioaopamtoluenesulphonio  add : 

o^*<^^^:^  +  cra»OH  -  cra*<^l^'  +  n». 


The  potassium  salt,  0'H*.OC>H*.SO*E  +  HK),  forms  white  oaeieons  needles  grouped 
in  thin  leaflets ;  it  dissolves  very  easily  in  water,  with  moderate  fbdlitv  in  aloohol, 
and  becomes  anhydrous  when  left  over  sulphuric  add.  The  ianum  salt, 
(CrH*.0C^*.S0*)*Ba+3HK),  forms  votv  small  needles  easily  soluble  in  hot,  spar- 
ingly  in  cold  water.  The  lead  salt,  C(^H*.OC>H*.SO*)<Pb  +  3H!*0,  ozystallisea  in  tufts 
of  slender  needles,  and,  like  the  buium  salt,  does  not  give  off  any  of  its  water  over 
sulphuric  add. 

Ethylcresolsulphonic  acid,  when  fiised  with  potash,  is  converted,  not  into  ethyl- 
salicylic  but  into  salicylic  add  (Hayduck,  lAehiffs  Anniden,  dxxiv.  848). 


U  0«H«(CH*)0*.    On  the  fbrmataon  of  this  add 
from  isocaproic  add,  and  its  eonvendon  into  that  add,  see  Oafboio  Acxds  (p.  879). 

The  butyric  add,  formed,  together  with  acetic  acid,  by  fodon  of  ethyl-erotonie 
acid  with  potash  {1st  Snppl,  42),  has  been  found,  fi*om  the  amaant  of  water  of  oyBtal- 
lisation  of  its  caldnm  salt,  and  the  relations  <tf  that  salt  to  various  solvents,  to  be 
normal  butyric  acid  (2fK2  Af/>p/.  226).  Hue  mode  of  deoompodtion  of  ethyl- 
crotonic     add     establishes     the     correctness     of     the     constitutional     fbnnula 

Q'ng ng^O — CO^,  deduced  from  its  mode  of  formation  from  diethoxalic  add 

{1st  Suppl,  42) : 


[X-CO«H  +  ™g 


CH»— CH 

Bthyl-orotonlo  edd.  Aoetio  edd.  Bo^rzlo  add. 

There  are  five  other  possible  modifications  of  the  add  CH^'O*,  capable  of  yielding, 
by  fudon  with  a  caustic  alkali,  acetic  add  and  either  normal  butyric  or  isobntyrio 
acid.     Of  these,  however,  only  one  is  positively  known,  vis.  pjrroterebic  acid. 
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(OH^<CH— CHz=CH— 00*H,  which  yieldB  isobatyrie  acid.  Hydrosorbic  add  (2nd 
Siippl,  1092)  maj  perhaps  be  another  of  these  modiflcationB,  although  when  ftised 
with  potash  it  yields  merely  butyric  without  acetic  add  (Fetrieff,  JMut,  Chem,  Get, 
Ber,  -n.  1098). 

BTSTXip>BZAOano  AOZBff  syn.  with  Bthtlic  Acbto-jlcetats.    See  Acbto- 
ACBTic  'Etembs  (p.  12). 

wnm^mOMMamsaOMm,   N(C«H*XC"H«.CH>)>,  syn.   with    Ethtl-di. 

TOLTLAMDra.      See  TOLTLAMINBS. 


■TUyiv-BJJri'H  I  JUBUXiVHOVZOBZBa-ACBTATB.     See  SuLFH-Acmo 
Acids. 


OB&OBIBB,  GO.O(C^*XOH*m,  is  pre- 
pared by  treating  1  moL  ethyl-dimethylacetic  acid  (p._  379)  with  1  mol.  F01^  and 
adding  2  mols.  d^  sodium  ethyl-dimethylacetate.  Onsnojecting  the  resulting  mixture 
of  chloride  and  anhydride  to  fractional  distillation,  the  chloride  is  obtained 
as  a  colourless  fragrant  oil  boiling  at  132°.  Treated  with  gino-^netkjfl,  it  yields 
methyl-amyl  ketone,  CH*— CO — 0*H",  and  with  eino-iikul,  etfaylamyl  ketone, 
C>H>— GO— 0*H>*  (Wischnegmdsky,  lAM^i  JnnaleH,  dzzyiu.  108). 

BTBTXi-BlMBTH  I  Ip-BBVXBBB.    The  symmetrical  modification  of  this 

ISA 

hydrocarbon,  C*.CH^H.GH"JS.GH".H,  may  be  prepared  as  follows:  An  alcoholic 
solution  of  bromoxylidine,  treated  with  nitrous  acid,  yields  a  bromoixylene  or  bromo- 
dimethyl-benzene,  0*H*(0H*)9r,  boiling  at  204°  and  remaining  liquid  at  -20°,  and 
a  mixture  of  this  bromoxidene  and  etl^l  bromide,  heated  with  sodium,  yields  a 
hydiocarbon,  C^*(C*H*)(CH*)*,  which  has  a  density  of  0861,  boils  at  186°,  and 
remains  fluid  at  —20°.  This  hydrocarbon,  oxidised  with  dilute  nitric  add,  yields 
oxyuritic  add.  0^«(0H«OH)(CO«Hy,  and  meaitylenic  add,  C»HXCH«)«0O«H,  both 
of  which  haye  their  substituted  radicles  in  the  relatiye  positions  1:8:6:  hence  the 
hydrocarbon  itself  is  symmetrical  ethyl-dimethyl-bemene  (WioUewsky,  Dent,  Chem, 
4ea,  Ber,  ix.  496). 

BTHTB-BIMMTM 1 JUFMOSPHOMIUM     XTBBOXZBB.       See     Peos- 

FHOBVS-BASBS. 

BTBTXi-BIVBaBT&AMnrB,    N(<7H*)(G*H»)>.     See    Bmnms,  PBamn^ 
▲moo-  (p.  208). 

N«OH«(0«H»XO«H»)«.  See  GxTAHiMKii. 


or  MTJIBBa,  C*R*^BH}=(JH*.  Erlenmeyer  a.  Bunte  (iiie^s 
JbmaUn,  dxyiii  64)  ^pare  this  hydrocarbon  hj  heating  26  giams  of  alcohol  and 
160  grams  of  sulphuric  add  in  a  flask  of  2  or  3  btres  capadty  placed  on  a  sand-bath, 
and  gradually  dropping  in  a  mixture  of  equal  parts  of  alcohol  and  sulphuric  acid. 
The  contents  of  the  fla^  quickly  blacken,  but  yeiy  little  frothing  takes  place. 

BeacHons.  1.  With  Oxygen. — ^When  a  mixture  of  ethylene  tmd  air  is  psssed  oyer 
red-hot  platinum  wire,  the  ethylene  is  partly  oxidised  to  aoetie  add  (Ooquillion, 
Com^.  rend,  Ixxyii.  444). 

A  mixture  of  ethylene  with  strongly  oaonised  oxygen  (at  least  60  mgrm.  in  a  litre) 
detonates  yiolently,  and  without  the  aid  of  light,  heat,  or  electridty.  When  ethylene 
is  dowly  oxidised  b^  weakly  oeonised  oxygen,  fomde  add  and  carbon  dioxide  are 
produced,  togeUier  with  thick  white  ftimes  which  are  completely  absorbed  by  strong 
sulphuric  add  (Houseau  a.  Renard,  Und,  Ixxri.  672). 

On  the  imperfect  combustion  of  Ethylene  by  explosion  with  insuffident  quantities 
of  Oxygen,  see  p.  486). 

2.  With  ii^ilin^m.— Ethylene,  mixed  with  hydrogen  in  contact  with  platinum, 
takes  up  H*,  and  is  conyerted  into  ethane,  G'H*  (y.  wilde^  Jkut,  Qhem.  Ota,  Ber.  yii. 
862). 

8.  With  Hudntoearbone, — ^A  miztore  of  ethylene  and  digphenyl^  passed  through  a 
poTOilain  tube  heated  to  bright  redness,  yields  a  mixture  of  phenonthrene  and  anthra- 
oene,  the  former  pndominating,  together  with  bensene,  dnnanene,  and  naphthalene, 
the  reaction  therefore  taking  pUoe  partly  as  represented  by  the  equation, 
0»Qio  ^  (>sQ4 .  G^^H^*  +  2H*.  Fhenanthrene  and  aDthraoeoe  are  also  found  amongst 
the  products  which  Berthelot  obtained  by  the  action  of  ethylene  on  beniene  (Barbier, 
Compt,  rend.  Ixxix.  121). 

4.  With  Phoepkme, — A  mixture  of  this  gas  with  ethylene,  subjected  to  the  action 
of  the  silent  electric  discharge,  yields  an  alcoholic  phosphine  (P.  and  A.  Thdnud, 
ibid,  Ixxyi.  1608). 
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A&COBO&.  Qlyool,  CH«0*  <=  C<H\OH)^-^This  compound  is 
formed  in  considerable  quantity  when  ethylene  dibromide  and  potassium  acetate  in 
equal  numbers  of  molecules  are  heated  to  boiling  for  eighteen  hours  with  alcohol  of 
91  per  cent.,  or  for  forty  hours  with  alcohol  of  80  per  cant.  The  reaction  appears  to 
take  place  in  the  manner  represented  by  the  foUowmg  equations  : 

C^H^Br*  +   C«H«KO»  =  KBr  +  C«H*|5^,q 

Bromaoetin. 

CH*}5!LrTtn  +  C«H»KO»  =  KBr  +  C«H«(C«H»0*)« 
^0(7110  Diioetin. 

C«H*(C«H«0«)«  +  HK)  =  C»HK)«  +  ^^A^^tQ 

MoiMMoetin. 
and  finally, 

^^*loC*H»0  **•  ^^*H"^^  ^  C«H»0«.C«H»  +  C«H«(OH)« 

Monoaoctin.  Ethyl  Bthyl  Bthylena 

aloohol.  aoetate.  aloohoL 

When  ethylene  bromide  and  potoMittm  aeetate  are  heated  together  to  150^-200^ 
for  two  days,  ethylene  diacetate  is  produced,  but  no  glycol ;  and  ethylene  bromide  and 
monoacetin  may  be  boiled  together  for  eighteen  hours  without  formation  of  any  new 
products  (Bemole,  Liehi^t  Annalen,  dzxiii.  117 ;  dzzrii.  46;  Dmit,  Ckem,  Gt8,  Ber, 
vii.  641 ;  Tiii.  4  ;  Chem,  Soe.  Jour,  1876,  747, 1172). 

Zeller  a.  Hu&er  (J.  pr.  Chem,  [2],  x.  270)  obtain  perfectly  pure  glycol  by  heating 
1  mol.  ethylene  bromide  with  1  moL  potassium  carbonate  dissolved  in  water,  for  ten 
hours  in  a  flask  fitted  with  a  reversed  condenser.  The  glycol  thus  prepared  boiled  at 
194° ;  see  also  Lietzenmayer  {IAebig*a  Annalent  dzzx.  282 ;  Cfkem.  8ae,  Jour,  1876, 
ii.  64). 

According  to  Orosheintz  (BuU,  Soe,  CMm,  [2],  zzviii.  67),  the  carbon  dioxide 
evolved  in  £is  process  is  aocompanied  by  a  large  proportion  of  monobromethylene, 
whereby  the  theoretical  yield  of  glycol  is  greatly  diminished. 

Glycol  unites  energetically  with  chloraii  and  the  resulting  compound,  treated  with 
phosphorus       pentachloride,      yields       a       body      having       the      oompositioo 

CC1»— CH<:^^^     ^^    ^>CH— OP.    This  compound  is  a  viscid  liquid  having 

a  sp.  gr.  of  1*78  at  73°,  and  decomposing  when  distilled  (L.  Henry,  Deut,  Chem,  Oeg, 
Ber,  vii.  762). 


I,  CH«Br— CBPBr.  This  compound,  boiling  at  181°.  is 
formed,  together  with  bromethyl  bromide,  CH* — OHBr^  (b.  p.  114°),  and  dibromethyl 
bromide,  GH^Br — CHBr*,  by  the  action  of  bromine  on  ethyl  bromide.  The  first  twa 
compounds  m^  be  completely  separated  from  one  another  by  potassium  hydro- 
sulphide,  £SH,  the  bromethyl  bromide  remaining  unaltered,  while  the  ethylene 
bromide  is  converted  into  ethylene  hydrostdphide  or  glyoolic  mercaptan,  C*H9 
(Tawildarow,  Deut.  CheTn,  Oes,  Ber.  vi.  1469). 

For  the  preparation  of  ethylene  bromide,  Erlenmeyer  a.  Bunte  {lAeMe  Aimaleit, 
dzviii.  64)  make  use  of  an  apparatus  in  which  the  ethylene  gas,  generated  by  heating 
aloohol  with  sulphuric  acid,  passes  through  a  series  of  four  Wou&e's  bottles,  the  first 
empty,  the  second  containing  sulphuric  acid,  and  the  third  and  fourtii  potash  or 
soda-lev  ;  next  through  the  tube  of  a  reversed  Liebig^s  condenser ;  and  finally  into  a 
Woulfe  8  bottle  contaming  bromine,  whereby  it  is  absorbed,  this  vessel  beii^  connected 
with  a  sixth  Woulfe's  bottle  filled  to  a  height  of  four  or  five  inches  with  fraffmenta 
of  glass,  and  thence  up  to  the  shoulder  with  granulated  soda-lime.  By  blowing  air 
into  this  last  bottle,  a  quantity  of  bromine  is  forced  into  the  condensing  tube  suffi- 
cient to  fill  it  one-half,  and  the  condensing  tube  is  then  attached  to  the  generating 
apparatus,  after  a  sufficient  quantity  of  ethylene  has  been  evcdved  to  expel  all  tha 
air  from  the  latter.  With  this  apparatus  from  1000  to  1100  grams  of  ethylene 
bromide  may  be  prepared  in  seven  hours. 

On  the  aetion  of  Ethylene  bromide  on  PoUuemm  aeetate,  see  p.  762.  On  its  deoom- 
position  by  tiU  Copper-gine  couple  {2nd  Stippl.  489). 

A  compound  havinff  the  formula  C*H'Br^  probably  dibromethvlene  dibromide, 
C^H^r*.Br*,  is  formed  when  ordinary  pyrotartaric  acid  is  heated  with  bxtmiine  and 
water  in  a  so&led  tube  for  six  hours  at  122°  (Bourgoin,  Compt.  rend,  Ixxxiv.  776). 
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On  tebrabromethylene  hydride,  or  tetrabromethanei  and  its isomensm 
with  acetylene  tetrabromide,  see  Acbttlbmb  (p.  35). 


I  BKOMZODZBBSf  G^H^Brl.  Two  of  these  compounds,  one 
boiling  at  141*'"142^,  the  other  at  162^  were  prepared  by  Rebool  by  the  action  of 
hydriodic  acid  on  monobromethylene,  C'IPBr  {2nd  Suppl.  489).  Lagermark  (fieut. 
Chem,  Ges.  Ber,  vi.  1211 ;  rii.  967)  and  Maxwell  Simpson  {Proc,  Boy,  8oe.  xxii.  61) 
have  obtained  a  f  bird  modification  by  passing  ethylene  gas  into  a  solution  of  iodine  in 
bromine  prepared  by  adding  more  than  1  mol.  finely-powdered  iodine  to  bromine 
diluted  with  6  parts  of  water,  stirring  briskly  and  keeping  the  liquid  cool,  and  sepa- 
rating the  solution  from  undissolyed  iodine  by  decantation  (Simpson^.  From  this 
solution  the  ethylene  bromiodide  ciystallises  in  long  white  needles,  haying  a  density 
of  2*516  at  29",  melting  at  28'',  and  boiling  between  162<'  and  167^  (Simpson). 
Lagermark's  product,  probably  impure,  melted  at  25*6°  and  boiled  at  150°. 

By  the  action  of  an  alcoholic  solution  of  sodium  acetate,  this  bromiodide  is  con  • 
yerted  into  ethylene  acetiodhydrin,  C*H*(C*H»0*)I  (Lagermark). 

Lagermark  finds  that  Beboul's  lower-boilinjg  bromiodide  (141^-142")  is  best  pre- 
pared by  treating  yinyl  bromide  with  dry  gaseous  hydrogen  iodide,  instead  of  the 
aqueous  acid  as  recommended  by  Kebonl.  rbr  this  purpose  a  quantity  of  phosphorus 
tri-iodide  is  shaken  into  a  strong  glass  tube  sealed  at  one  end,  and  aboye  it  is  placed 
a  glass  bulb  containing  a  quantity  of  water  sufficient  to  decompose  it,  and  a  small  test 
tube  into  which  the  requirod  quantity  of  yinyl  bromide  is  introduced  by  means  of  a 
tube-funnel.  The  strong  elass  tube  is  then  drawn  out  to  a  point,  sealed,  and  plunged 
into  a  freezing  mixture,  whereupon  the  bulb  containing  the  water  bursts,  hydritxiic 
acid  is  generated,  and  the  action  on  the  yinyl  bromide  commences.  The  tube  is  then 
remoyed  from  the  freezing  mixture,  and  the  action  continued  at  the  ordinary  tempera- 
ture. The  product  decolorised  by  potash,  dried,  and  once  distilled,  yields  the  pure 
bromiodide  as  a  slightly  yellow  liquid,  haying  a  density  of  2*452  at  16^,  and  boiling 
at  142^°-143°.  By  bromine  it  is  oonyerted  into  brominated  ethyl  bromide, 
CH' — CHBr*,  and  by  alcoholic  potash,  into  potassium  iodide  and  yinyl  bromide, 
GH'=GHBr,  whence  it  appears  to  consist  of  ethylidene  bromiodide,  CH* — CHBrl. 

The  higher-boiling  bromiodide  (162°)  described  by  Beboul  does  not  appear  to  be  a 
definite  compound ;  see  Ckigarin  (peut,  Chem,  Oea,  Ber,  yii.  733),  and  BuUerow  (t^. 
734,  1456),  also  Chem,  8oe,  J.  1874, 1075. 


r,  0«H*CarOH)  -  CH«C1— CHK)H.      This 

compound,  treated  with  bromine,  yields  ethylene  cnlorobromide,  mono-  and  dibrom- 
acetic  acid,  ethylene  bromide,  ethylene  bronihydrin,  and  probably  also  ethylene  brom- 
acetobromhydrin,  C^*Br(OC'H*BrO).  Some  of  these  products  appear  to  be  due  to  the 
action  of  hydrobromic  acid,  fbrmed  in  the  first  instance  by  the  action  of  the  bromine : 
for  ethylene  chlorhydrin  directly  treated  with  hydrobromic  acid  yields  ethylene 
bromide,  et^lene  chlorobromide,  and  eUiylene  bromhydrin  (together  with  ethylene 
chloride).  The  formation  of  the  bromacetic  adds  by  the  action  of  bromine  on 
ethylene  chlorhydrin  is  for  the  present  unexplained  (Demole,  Deut,  Chem,  Ges.  Ber. 
\x.  1876). 

Ethylene  chlorhydrin  unites  with  chloral,  forming  a  body  represented  by  the 

formula  CC1«— CH<[9g  ^^*~^^*^.  It  is  a  thick  yiscid  liquid,  which  does  not 
solidify  in  a  freezing  mixture,  and  undeigoes  dissociation  when  heated.  With  acett/l 
chloride  it  forms  an  acetyl-deriyatiye,  C01«— CH<5_^,q'^^^*  ;  and  with  PC1», 

a  chloride,  C01«— CH<[ni~^^'~^^'^^l  in  ^^  '<*"»  o^  ^  clear  colourless  liquid, 

haying  a  pungent  camphozous  odour  and  sweetish  taste,  a  sp.  gr.  of  1*577  at  8^ ; 
boiling  without  decomposition  at  285°  ;  insoluble  in  water,  easily  soluble  in  alcohol 
and  ether  (L.  Henry,  Deut.  Chem,  Get,  Ber.  yii.  762). 

Ethylene  Jcetoehlorhydrin,  C«H«<^^^^,q,  is  formed  by  heating  ethylene  chlor- 
hydrin to  110°  for  fiye  or  six  hours  with  1^  pt.  glacial  acetic  acid.  The  product, 
after  washing  with  water  and  with  soda-ley,  and  drying  oyer  potassium  carbonate, 
distilled  for  the  most  part  between  148°  and  145°  (Ladenburg  a.  Demole,  ibid,  yi. 
1023). 

BTBT&MWa  CX&OBIBBi  CFB.*(j[\  heated  to  170*^  for  seyeial  hours  witli 
lead  oxide  and  water,  yields  lead  chloride,  ethylene  glycol,  and  traces  of  ethylene 
oxide  (Jeltekow,  ibid,  yi.  558). 

CHloiwtl^jleiiM.    Perehlorethylene,  C«Cl*,maybe  prepared  by  dissoMn^ 

Brdaip.  d  C 
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carbon  trichloride  or  hexchlorethane,  CK)!',  in  twice  its  weight  of  aniline,  and  heating 
the  solution  in  a  retort  to  170°.  The  distillate,  consisting  of  perchlorethjlene  wrib 
a  little  aniline  and  carbon  trichloride,  is  redistilled  with  an  equal  weight  of  aniline  at 
180°-145°,  and  the  new  distillate  is  freed  from  admixed  aniline  bjr  washing  with 
dilute  sulphuric  acid  and  with  water.  Pure  perchlorethylene  boils  at  121^,  and  has  a 
sp.  gr.  of  1*6595  at  0°  (Bourgoin,  Compt  rend.  box.  971). 

Perehhrethylene  Dibramide,  GK)l*6r*,  formed  by  direct  bromination  of  peichlor- 

Qw,  formed  bj  the 

action  of  chlorine  on  acetylene  tetrabromide  (p.  36).  The  latter,  when  heated  to 
185°,  first  gives  off  half  its  chlorine,  and  is  converted  into  CH^l'Br^ ;  but  on  raising  the 
temperature  a  little  higher,  the  free  chlorine  is  reabsorbed,  and  the  bromine  driven 
oat,  the  final  result  being  the  formation  of  perchlorethylene,  CKJi*.  Perchlorethylene 
dibromide)  on  the  other  hand,  is  directly  resolved  by  heat  into  Br*  and  C^CW 

When  the  two  isomeric  bromides  are  heated  with  a  mixture  of  aniline  and  toluidine, 
the  first  to  150^,  the  second  to  170°,  the  perchlorethylene  dibromide  is  converted, 
with  formation  of  rosaniline  hydrochloride,  into  chlorobromethylene,  CKJl'Br', 
which  is  a  colourless  liquid  smelling  like  chloroform,  solidifying  at  — 16°,  and  boiling 
at  about  130°.  It  unites  with  bromine,  forming  a  crystalline  bromide,  O^Cl'Br'.Br'. 
(Bourgoin,  Compt,  rend,  Ixxxi.  48). 

Action  qf  Sodium  Striate  on  the  CKLorethylenee, — G«uther  a.  Fischer,  in  1864,  by 
treating  perchlorethylene  with  sodium  ethylate,  obtained  an  oily  liquid,  con- 
sisting miunly  of  ethylic  dichloracetate  wifJi  a  small  quantity  of  dichloracetic  chloride, 
and  a  body  soluble  in  water,  consisting  of  the  sodium  salt  of  ethyl-glyoxylic  add 
{let  Suppl.  19);  the  formation  of  these  products  is  explained  as  follows  by  (3euther 
a.  Brockhoff  (Jenaiache  Zeitechr,/.  Naturwiseenaohafi.  vii.  359).  The  first  product  of 
the  reaction  is  trichlorethoxyl-ethylene,  derived  from  perchlorethylene  by 
substitution  of  1  at  0(7H>  for  1  at  CI : 

cci*  ca* 

II        +  C«HH)Na  -  NaCl  +   jj 

CC1«  0C1(0.C«H») 

This  compound  is  converted,  by  the  further  action  of  the  sodium  ethylate,  intodichlor- 
dioxethyl-ethylene, 

cca»  ooi« 

IJ  +  C«HH)Na  «  Naa  +   jj 

CC1(0C*H»)  CJ(0C«H»)* 

which,  by  taking  up  the  elements  of  alcohol,  is  converted  into  triethylic  dichlor- 
acetate, 

CCl*  CHC1« 

IJ  +   C«H»OH  -   I 

C(OC«H»)»  C(OC»H»)» 

and  this  last  compound  is  converted  by  the  action  of  water — which  is  formed  in  the 
reaction  together  with  brown  resinous  substances — into  monethylic  dichlor- 
acetate, 

CHCl*  CHa» 

I  +  H«0  «  2C«H«0  +    I 

C(OC«H»)»  CO(OC«H») 

This  etner  reacts  with  sodium  ethylate,  in  such  a  manner  as  to  form  the  ethylic  ether 
of  diethyl  glyoxy  lie  acid: 

CHC1»  CH(OC«H»)« 

I  +   2C«H»0Na  -  2Naa  +    | 

CO(OC«fl*)  CO(OC«H») 

which  is  finally  converted,  by  the  action  of  caustic  soda  (produced  by  water  from  the 
sodium  ethylate),  into  the  sodium  salt  of  diethylglyosylic  acid : 

CH(OC»H»)«  CH(OC»H»)» 

I  +    NaOH  =  C»H«0    +     | 

CO(OC»H»)  CO.ONa 

The  formation  of  the  intermediate  products  above  mentioned  has  been  demonstrated 
by  experimeixts  in  which  the  action  of  the  sodium  ethylate  was  mere  or  less  limited  ; 
and  it  has  further  boon  shown  that  the  quantity  of  trichlorethoxyl-ethylene  obtained 
is  greater  in  proportion  as  the  reaction  takes  place  at  a  lower  temperatare,  and  is 
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oontinued  for  a  shorter  time ;  also  that  trichlorethoxyl-ethylene  is  easily  cooTertad  by 
alcoholic  sodium  ethylate  into  the  sodium  salt  of  ethoxylglyoxylic  acid. 

Perchloiethylene,  treated  with  sodium  ethylate  free  from  alcohol,  yields  the  same 
products  as  above,  but  in  smaller  quantity ;  a  gas  burning  with  a  blue  flame  is  also 
given  off. 

TfiehlorethyUne  Chloride,  C*H01«.C1*  or  0C1»— OHCl*,  prepared  by  the 
action  of  chlorine  on  ethylene  chloride  in  bright  daylight,  acts  upon  sodium  ethylate 
either  dry  or  dissolved  in  alcohol,  forming  pezchlorethj^ene,  ethyl  alcohol,  and  sodium 
chloride  ((^euther  a.  Brockhoff). 

Diehlorethylene  Diohlotide,  C^imSi\(Ji*  oi  CHCl*.OHCls  (prepared  in  the 
same  manner  as  the  preceding  compound  and  boilinff  at  186*1  (corr.),  acta  very 
strongly  on  alcoholic  sodium  ethylate,  forming  dicnlorethoxyl -ethylene, 
C«Ha^OC«H»). 

CHKJl 

Monoehlorethylene  Chloride^  G'H'CLOl*  or  I        ,  and  excess  of  sodium 

CHC1» 
ethylate,  either  dry  or  alcoholic,  yield  chiefly  diehlorethylene,  CHKH',  and  a  small 
quantity  of  acetic  acid. 

DiehlorethoxyUethylene,  CHCI=:GC1(0C'H*),  is  a  colourless  liquid  having  a 
peculiar  taste  with  pungent  after-taste,  a  sp.  gr.  of  1*08  at  10*^,  boihng  at  128*2° 
(corr.)  It  may  be  washed  with  water  without  alteration,  but  decomposes  gradually  on 
exposure  to  moist  air.  When  heated  to  100°  with  water,  it  yields  glycollic  acid, 
ethyl  chloride,  and  hydrogen  chloride : 

CHCl  OH«.OH 

II  +  2H«0  «  C»H»C1  +  HCl  +    I 

C01(0C»H»)  CO.OH 

By  an  excess  of  alcoholic  sodium  ethylate,  it  is  converted  into  sodium  ethoxyl-glycol- 
late,  ethylic  monochloracetate  beinghowever  apparently  formed  as  an  intermediate 
product  (Geuther  a.  Brockhoff).    When  dichlorethoxyl-eth^lene  is  treated  with  a 

Quantity  of  .sodium  ethylate  considerably  less  than  that  which  is  required  to  decompose 
tie  whole  of  it,  ethoxylglyoollic  acid  b  likewise  fbrmed,  together  with  ethyl  chloride, 
ethyl  monochloracetate,  and  hydrochloric  add. 


According  to  A  Gretillat  {MonU,  seient,  [3],  iii.  883), 
ethylene-diphenyldiamine,  N^0*1[*)'(C^*)H*,  prepared  by  treating  ethylene 
bromide  with  a  large  excess  of  aniline  (iv.  455),  is  always  mixed  with  methylene- 
diphenyl-diamine,  K*(C^*)XC'H^)^  but  may  be  separated  thtoe&om  by  dissolving 
the  mixture  in  boiling  strong  acetic  acid,  and  adding  alcohol,  whereupon  the  diethyl- 
ene-base  separates  in  crystals. 

The  two  free  hydrpgen-atoms  in  ethylene-diphenyl-diamine  mav  be  replaced  by 
acid  radicles,  either  of  t^e  fatty  or  of  the  aromatic  ^ups.  EthylenS'diacetyl'diphenyl' 
diamine  is  a  crystalline  body,  easily  soluble  in  boiling  alcohol  and  in  ligroi'^,  and  still 
exhibiting  basic  properties ;  in  etJ^lene-dibengoyl-diphenyl^Uamine,  on  &e  other  hand, 
the  basic  character  is  absent. 

Ethylene-ditolvl-diamine,  N«(C«mCH")XC*H<)H»,  and  triethylene-tri- 
tolyl-triamine,  N»(0«H«.CH«)«(C»H<)»,  are  formed  simultaneously  by  the  action  of 
ethylene  bromide  on  tolnidine  at  150°  in  a  canaoious  flask  fitted  with  a  reflux  con- 
denser, and  may  be  separated  by  means  of  alcohol,  in  which  the  former  is  freely,  the 
latter  very  sparingly  soluble.  The  triethylene-baae,  when  pure,  crystallises  in  splendid 
needles  melting  at  186°.  Its  hydrochloride  forms  needles  melting  at  189°.  The 
dieihylen&^Hue  u  difficult  to  purify,  on  account  of  its  easy  solubuity ;  it  must  be 
purified  by  separation  firom  its  salts.  It  forms  crystals  melting  at  97*6°.  Its  hydro- 
cUuride  crystaUises  in  long  white  needles  easily  soluble  in  boiUng  water  (Gretillat). 

BTBT&BVa-BSiinLVBOVZC  ACZB,  C'H\SO*H)>,  is  formed  bv  dissolving 
nitroethane  in  cooled  fuming  sulphuric  acid,^tad  then  gently  wanning  the  mixture, 
whereupon  a  brisk  evolution  of  gas  takes  place.  If,  when  this  action  is  over,  the 
liquid  be  carefully  poured  into  water,  neutralised  with  barium  carbonate,  and  filtered 
hot,  the  filtrate  on  cooling  will  deposit  barium  ethylene-disulphonate.  The  had  ialt, 
C<HXS0^b  +  2HK),  forms  scaly  crystals  (Meyer  a.  Wurster,  Deut,  Chem,  Gee,  Ber, 
xi.  1108;  Jakreeb./.  Chem,  1878,  302). 

Ethvlene-dieulphonio  Chloride,  C^R\SOHilY,  \b  formed  by  the  action  of 

2  moL  ^lOsphoruB  peotachloride  on  1  md.  potassium  ethyldisulphonate.    The  crude 

product  is  poured  into  water,  and  the  substiuice,  which  solidifies,  for  the  most  part, 

after  a  short  time,  is  f^»ed  from  adhering  phosphorus  oxychloride  by  draining  on 

pomuB  piaUa,  and  xMiTstaUiBad  from  anhydrouB  eOioc.    1^Vi«  <dD[\ondA  ^Ec:|%\A2^ty&  \\!^ 

Bo2 
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needles  melting  at  91°,  is  not  mach  attacked  by  cold  'water,  but  cannot  be  distilled 
without  decomposition.  At  160°  it  carbonises,  with  evolution  of  hydrochloric  and 
sulphurous  acids,  and,  when  boiled  with  alcohol,  gives  off  ethyl  chloride  and  sulphurous 
acid.  On  heating  it  to  150°-160°  for  several  hours  in  sealed  tubes  with  1  mol. 
phosphorus  oxychloride,  and  subjecting  the  contents  to  fractional  distillation  under  a 
pressure  of  about  30  mm.,  phosphorus  pentachloride  passes  over  first,  then  at  125°- 
127°,  chlorisethionic  chloride,  C«H*C1.S0«C1.  This  latter  is  slowly  attacked 
by  phosphorus  pentachloride  (1  mol.)  at  200°,  ethylene  chloride  being  formed  among 
the  products  (W.  Konig,  DeuU  Chem.  Ges,  Ber.  vii.  1163). 


See  Lactic  Acid. 
-  PROTOCATSCRirZC  ACZB,  C*H*0«   » 

C?H*<[^C«H»— COOH  (Fittig  a.  Macalpine,  Li^s  Annalen,  clxviii.  99).    This 

acid,  homologous  with  piperonylic  acid,  is  obtained  by  treating  protocatechuic  add 
with  ethylene  bromide  and  solid  potash,  and  separates  from  water  in  colourless  indistinct 
crystals,  from  alcohol  in  druses  of  short  shining  prisms  (2nd  Suppl.  1024). 

Caldwn  Ethyleneprotocatechuate,  (C*H'0*)'Ca  +  2HK),  crystallises  with  great 
facility,  in  monoclinic  crystals  haviug  the  axial  ratio  a  :  6  :  <;»  0*654  :  1  :  0*667  ;  it 
gives  off  its  water  at  150°. 

When  ethylene-protocatechuic  acid  is  heated  in  a  sealed  tube  with  dilute  hydro- 
chloric acid,  decomposition  begins  at  260°,  and  the  contents  of  the  tube,  which  present 
the  same  appearance  as  in  the  corresponding  experiment  with  piperonylic  acid  {\tt 
Suppl.  949),  yield  a  small  quantity  of  pyrocatechin.  Nevertheless,  the  reaction  does 
not  take  place  according  to  the  equation 

C«H<.0^OH».C00H  =  C«fl*(OH)«  +   C«H«  +  C0«, 

as  might  be  expected  from  the  mode  of  decomposition  of  piperonylic  acid  under  similar 
circumstances  (loc.  cit,)t  for  no  acetylene  could  be  detecUa  in  the  gases  evolved. 

When  ethylene-protocatechuic  acid  (1  mol.)  is  heated  mth  photphortu  paUacMloride 
{Z  mols.)  under  ordinary  pressure,  a  large  portion  of  it  remains  unattacked  and 
oistils  over  together  with  phosphorus  oxychloride ;  and  the  residue  yields  to  cold 
water  an  oil  which  does  not  completely  solidify,  and  dissolves  in  boiling  water,  the 
solution,  on  cooling,  depositing  a  large  quantity  of  ethylene-protocatechuic  acid,  whilst 
a  small  quantity  of  protocatechuic  acid  remains  in  the  mother-liquid.  These  results 
show  that  the  diief  product  of  the  reaction  of  FGl*  on  the  acid  is  ethylene-proto- 
catechuic chloride,  G^H^O^OH'.COOl,  together  with  a  small  quantity  of  another 
chloride  which  is  converted  by  boiling  with  water  into  protocateohmc  acid.  To  obtain 
this  latter  chloride  pure,  the  decomposition  was  repeated  with  the  same  proportions 
of  material  in  a  tube  which  was  sealed  after  the  first  reaction,  and  then  heated  to 
130°  till  no  more  phosphorus  pentachloride  separated  on  cooling.  On  pouring  the 
product  into  cold  water,  a  permanently  liquid  oil  was  obtained,  which  was  converted 
py  boiling  with  water  into  pure  protocatechuic  acid,  and  when  heated  with  water 
to  100°  for  several  hours  in  a  sealed  tube,  yielded,  together  with  protocatechuic  add, 
a  solid  add,  insoluble  in  water,  melting  at  118°-121°,  having  the  composition  of 
dichlorethyleneprotocatechuic  acid,  C^<C1^0^C*H*.C0>H,  and  resolved  hj  boiling 
with  water,  into  hydrochloric,  protocatechuic,  and  possibly  glycollic  add.  The  series 
of  reactions  above  described  may  therefore  be  represented  by  the  following  equations : 

0«H*<^0«H«— COOH  +  PC1»  =  P0C1»  +  HCl  +  C«H*<^C^«— COCL 

c«H*<^c«H»— coa  +  2Pci»  «  2Pa»  +  2HC1  +  o«H«ci'<^c«B[»— coa 

C*H«a«<^C«H«— COa  +  HK)  =    HCI  +  C«HK!1«<^>C«H«— co.oh 
C«H«C1»<^^C«H»— CO.OH  +   8H«0  -  2HCa  +  C«H<0»  +  C«H«(0H)«.CO.0H. 


C»H\CNSe)«,  formed  by  digesting 
potassium  seleniocyanate  with  ethylene  bromide,  crystaUises  from  alcohol  in  white 
needles,  insoluble  in  cold  water  and  in  ether,  slightly  soluble  in  hot  water  and  in 
cold  alcohol.  By  prolonged  boiling  with  nitric  acid,  it  is  converted  into  ethylene- 
selenic  acid,  C'HXSeO'fl)^  whidi  is  very  deliquescent,  and  yields  a  lead,  a  silver, 
and  a  barium  salt  (Proskauer). 

See  Thymol. 

See  ExTQBNOL. 

G.  Glinsky,  in  18G8,  by  treating  monochlonldehyda 
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in  aqueous  Bolution  with  potasnnm  cranide,  obtained  an  oily  compound  which  h« 
regarded  as  cyanaldehyde  {ZeitBckr,/,  Ckem.  1868,  617) ;  subsei^uently,  however  (t'M. 
1870,  441),  he  found  that  when  tieiU^d  with  hTdrochloric  acid  it  yielded  chloroUctic 
and  acetic  acids,  and  he  then  designated  it  as  the  cyanoeklcrMydrin  <^  Hkyl'Cl^fCffiHi 
representing  it  by  the  constitutional  formula  CH*C1.GH0H.C0.CH<.CN.  Butlerow 
IDmt,  Chan,  Chu^  Ber,  Ti.  1256)  regards  it  rather  as  an  ethereal  compound, 
CHH3LCH(0N).0.C0.CH». 

BTXT&-OZiTCO]AT&  VIXmEb,  CHXOCH0.CN,  is  obtained  bT  heating 
ethyl-glycollamide,  CH\OC^H*),OOJSE^,  with  an  equivalent  quantitT  of  phosphorus 
pentoxide,  and  distils  orer  as  a  limpid,  mobile,  Migrant  liquio,  smelling  like  formic 
ether,  having  a  density  of  0*918  at  6^,  Tapouindeiisity  »8*08,  and  boiling  at  134^- 
136°.  Like  other  nitrils,  it  combines  with  gaseous  hTdrobiomic  add,  forming  a  crys- 
talline compound  which  is  insoluble  in  ether,  and  resolved  by  water  into  its  components. 
Aqueous  acids  or  alkalis  convert  the  nitril  into  eth^lycoUic  acid. 

The  same  nitril  is  produced  by  distilling  the  amide  with  phosphorus  pentachloride ; 
the  product  contains  a  combination  of  the  nitril  with  phosphorus  trichloride.  This 
body,  which  could  not  be  obtained  in  a  pure  state,  is  a  liquid,  Aiming  in  the  air,  and 
boiling  at  about  1 00^-105°.  Henke  obtained  similar  compounds  of  acetonitril  and 
propionitriL  The  nitril  of  ethylglyooUic  acid  is  also  formed,  but  mixed  with  secondary 
products,  by  distilling  the  amide  with  phosphorus  pentasulphide  (L.  Henry,  Deut, 
Chem.  Ges,  Ber,  vi.  259). 

See  GuAMiDXMK. 

See  Htdboxtulminb. 


-COMPOraiM.  Bromidt,  CH*—€HBr*.— According  to 
Tawildarow  (Liebi^a  Afmalem,  dxxvL  12^  this  compound  is  converted  by  aiiiffu)fita, 
not  into  an  ethylenamine  (like  ethylene  bromide  under  similar  circumstances),  but 
like  the  chloride  {2nd  Stml.  378),  into  colli  dine.  The  reaction  takes  place  most 
readily  at  125'*>140^  Ethylidene  bromide  heated  to  120^-140°  with  potasnmm 
aeetaU  in  alcoholic  solution  is  converted  into  aldehyde,  ethyl  acetate,  and  acetal. 
An  alcoholic  solution  of  potauium  sulpkYdraie  does  not  act  upon  ethylidene  bromide, 
and  may  therefore  be  used  to  separate  this  compound  from  ethylene  bromide. 

Bromodioxethylidene,  C^H^rO*aC^H*Br(Om^— This  is  the  compound 
formed  by  ^e  action  of  phosphorus  pentabromide  on  aldehyde,  and  formerly  re^uded 
as  an  isomeride  of  ethylene  bromide  (i.  107).  To  prepare  it,  aldehyde  is  ^pnMually 
poured  upon  well-cooled  phosphorus  pentabromide,  and  the  reaction,  which  is  at  first 
very  violent,  is  afterwards  completed  at  a  temperature  of  60°.  The  resulting  phos- 
phorus ozybromide  is  decomposed  by  ice,  and  the  oil  which  semrates  is  washed  with 
steam :  it  cannot  be  distilled  alone  without  decomposition.  The  same  compound  is 
formed  by  heating  aldehyde  to  130°  with  acetyl  bromide  (Tawildarow,  loe,  cit,) 

Ethylidene  Chloride,  CH' — CHCl*,  is  converted  by  the  action  of  chlorine  into 
monochlorethylidene  chloride,  CH*G1-- CHCl*,  and  dichlorethyl  chloride,  CH*— CCl' 
(Staedel,  Deut,  Chem,  Oe$,  Ber,  vi.  1403). 

Oxyehloride,  C^H"01'0. — ^This  compound,  isomeric  with  dichlorinated  ethyl 
oxide,  IS  prepared  by  passing  hydrochloric  add  into  well-cooled  aldehyde  till  two 
layers  of  liquid  are  formed,  the  upper  consisting  chiefly  of  the  oxychloriae,  the  lower 
of  strong  aqueous  hydrochloric  acia.  Instead,  however,  of  immediately  rectii^ing  the 
upper  layer  over  calcium  chloride,  as  in  Lieben's  original  process  (ii.  599),  whereby  a 
laige  portion  is  charred  and  destroyed,  it  is  better  to  heat  this  upper  layer  to  100° 
for  about  six  hours  in  a  stream  of  carbon  dioxide,  and  then  submit  it  to  fractional 
distillation.  By  this  means  tolerably  pure  ethylidene  oxychloride  is  obtained,  boiling 
between  115°  and  117^  (F.  Eessel,  LiAk/'a  Annalen,  clxxv.  44). 

Ethylidene  oxychloride  treated  with  water  splits  up  into  hydrochloric  acid  and 
aldehyde,  whence  it  appears  to  have  the  constitution  (CH* — CHC1)'0 : 

Ch"IIctS>^  +  ^'^  -  2Ha  +   2(CH«-CH0), 
the  isomeric  compound  dichlorethyl  oxide  being  represented  by  the  formula, 

CH«C1.CHC1\^ 

That  ethylidene  oxychloride  actually  has  the  constitutiun  above  given  is  shown 
by  its  reacUoD  with  zinc-ethyl,  the  product  of  which  is  secondary  butylic  other  : 

CH'.CHCK  o    .    !7„^^^H»  ^  5.„p,,  ^    CH«.CH(C«fl»)\^ 
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To  prepare  this  butylic  ether,  the  oxychloride  is  slowly  added  to  Einc-ethyl  diluted 
with  common  ether  in  an  apparatus  filled  with  carbon  dioxide,  due  preeantiooB  being 
taken  to  prevent  too  great  a  rise  of  'temperature :  to  complete  the  reaction,  however, 
the  heat  of  a  water-bath  must  be  applied.  After  distilling  off  the  ethylic  ether  and 
finctionating,  a  product  is  obtained,  boiling  at  120°-126°,  but  still  containing  chlorine, 
which  may  be  removed  by  digestion  with  sodium.  The  product  then  boils  constantly 
at  120^-121°,  has  a  sp.  gr.  of  0*750  at  21^  and  agrees  in  every  respect  with  the 
secondaiy  butylic  ether  obtained  from  erythrite  (Kessel). 

Ethylidene  Iodide^  GH* — CHP,  is  formed  by  dropping  ethylidene  chloride  into 
a  solution  of  aluminium  iodide  in  carbon  disulphide : 

30«H<C1»  +   2A1P  =  2A1C1*  +   3C«H«I«. 

The  product  separated  from  the  deposit,  washed  with  water  and  rectified,  yields  the 
ethylidene  iodide  as  a  brownish  liquid  of  sp.  gr.  2'84,  boiling  with  partial  decompoei- 
tion  between  177°  and  179°,  sparingly  soluble  in  alcohol,  and  probably  identical  with 
the  body  which  fierthelot  obtained  by  the  action  oi  hydriodic  acid  on  acetylene  {\9t 
Suppl.  34).  Heated  on  the  water-bath  with  a  dilute  alcoholic  solution  of  potash, 
it  is  resolved  into  alcohol  and  vinyl  iodide,  C'H*I,  identical  with  that  which  is 
prepared  from  ethylene  iodide  (Qustavson,  Deut  Chem,  Gea,  Ber,  vii.  731). 

BTBTXJCOBSra-DZBXVZABKZBB,  Ci'Hi^N'O^  -  CH*.CH(NH.CO.C«H0^ 
This  compound,  which  Limpricht  obtained  in  1856  by  the  action  of  aldehyde-ammonia 
on  benzoyl  chloride  (i.  567),  is  also  produced :  a.  By  dissolvingbenzamide  in  aldehyde 
to  which  a  few  drops  of  hydrochloric  add  have  been  added.  The  reaction  is  attended 
with  rise  of  temperature,  and  the  solution  on  cooling  deposits  the  compound  in  the 
form  of  a  white  crystalline  mass  (Kencki,  VetU.  Ch^.  Gea.  Ber,  vii,  158).  /S.  By 
gradually  adding  benzonitril  (2  mols.)  with  agitation,  to  well-cooled  strong  solphiuic 
acid  containing  1  mol.  paraldehyde,  leaving  t£e  liquid  to  itself  for  a  few  hours,  and 
then  adding  water,  whereupon  the  compound  separates  as  a  white  powder,  which 
may  be  washed  with  ammonia  and  reciystallised  from  alcohol  (fiepp  a.  Spiess,  ihid. 
ix.  1424). 

Ethylidene-dibenzamide  dissolves  easily  in  chloroform,  carbon  sulphide,  ether,  and 
hot  alcohol,  but  is  nearly  insoluble  in  water.  From  the  alcoholic  solution  it  ciystallises 
on  cooling  in  long  white  needles  which  melt  at  204°  (Hepp  a.  Spiess)  at  188°(Nencki) 
and  sublime  at  a  higher  temperature.  Heated  with  alcoholic  potash-solution,  it 
yields  benzoic  acid,  and  when  boiled  with  mineral  acids  it  takes  up  water  and  is 
resolved  into  aldehyde  and  benzamide. 

J^ricMoretht/fidene-dibensamide,  C01^CH(NH.CO.C•HO^  prepared  in  like  manner 
from  benzonitril  and  chloral,  crystallises  from  boiling  alcohol  in  wavellitic  groope 
of  needles  melting  at  257°,  and  decomposing  at  a  higher  temperaturo.  It  diMolves 
sparingly  in  ether,  more  easily  in  chloroform  and  carbon  sulpoide,  and  reacts  with 
acids  and  with  alcoholic  potash  like  ethylidene-dibenzamide  (Hepp  a.  Spiess). 

Similar  compounds  are  obtained  from  benzonitril  and  bromalf  hutyl^kloral  and 
valeraldehyde.  Benzonitril  and  benzaldehyde  do  not  act  on  one  another  under  similar 
conditions.  The  compound  which  Hiibner  a.  Scbreiber  obtained  by  the  acdon  of 
chloral  on  acetonitril  (p.  439)  has  probably  also  a  similar  constitution,  vix  that  of 
triohlorethyUdene-^Uaoetamide,  CC1*.CH(NH.G0.GH')*.    (Hepp  a.  Spiess.) 


-OZiTCOXAZC     aTBB,     or     Manetkylio     Etkylidenate, 

CH'.CH^QQ,-»«,  is  formed,  together  with  formic  acid,  ethyl  acetate,  aldehyde,  and 

acetal,  by  the  action  of  electrolytic  oxygen  on  ethyl  alcohol.  It  is  a  liquid  which 
dissolves  sparingly  in  water,  boils  between  88°  and  90°,  and  is  oxidisM  by  chromic 
acid  to  acetic  acid  (A.  Renaid,  Compt,  rend.  Ixxx.  105). 

BTarsx-MA&OVZC  ACZB,  GH*.CH>.CH(CO>H)'.    See  MALomc  Acid. 

JBTH  U  1-MgTHTIf  C  A^BTWTlb      OZZOB     and      BrntWUll^m.         See 

BuTTL  Ethxbs  (p.  859). 

BTBT&-llKBTBTZr>81FXiVBZWB*COMVOUV]>8.    See  SoLPHnrss. 

BTH  y la-WAPHTHBIf  OB  AMIPB.    See  Nafuthalbnk-Compovmds. 
BTBTXi-VZTBOXiZC  ACZB.     See  Nitbolic  Agio. 

.BB.    See  OxAiac  Etukbs. 

SOO  OXAMIDB. 


ACXB,  C'H»(C«H»)0«.     On  the  charactere  of  this 
acid,  as  prepared  from  eLhyl-metacrosolate,  see  p.  582. 
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-OatTBUTTSZC  ACZD8,  CH*.CHOH.CH(G>H*).CO*H.    See  Butyric 
Acids,  Ozt-  (pp.  864-365). 

BTBT&-OatTOZA&T&  CB&OSIBB,  GOa— GO(OCH»).  This  compound, 
prodnced  by  the  action  of  phosphorus  ozychloride  on  ethyl  oxalate  {2fid  Supm,  888) 
is  strongly  attacked  by  zinc-ethyl.  On  adding  2  mols.  of  the  latter  by  arops  to 
1  mol.  of  the  chloride  contained  in  a  well-ooolea  vessel,  the  mass  gradually  becomes 
darker-coloured  and  more  yiscid,  and  finally  pitchy,  and  a  combustible  gas,  probably 
ethane,  is  given  off;  on  treating  the  product  with  water,  more  ethane  is  eyolTed  and 
zinc  hydroxide  is  produced.  If  the  whole  be  then  distilled,  apd  the  distillate  dried 
with  potassium  carbonate  and  rectified,  a  colourless  mobile  liquid  is  obtained, 
tasting  and  smelling  like  peppermint ;  very  sparingly  soluble  in  water.  Sp.  gr.  »  0*98 
at  12*»:  b.  p.  =176^-176**:  vapour-density  «6*86.  This  product  is  e  thy  lie 
diethyl- glycollate,  CrC*H0>(OH)--GO.OC*HS  identical  with  the  ethylic  leucate 
or  diethozalate  describea  hy  Franluand  a.  Duppa  (iv.  273).  Hence  it  appears 
that,  under  the  conditions  in  which  the  chlorides  OH^^^CO.Cl  yield  ketones,  the 
chloride  of  ethyloxalic  acid  yields  the  corresponding  tertiary  alcohol  (L.  Henry,  Deut, 
Chem.  Gea.  Ber,  y.  949). 

I.      See  OzTSTLFHOraEKZIDB. 


FOZn    See  Phenols. 

.ACBTTUnrS,  C»«H>»  =  (C«H»)C^C(C«H»)  (T.  M. 
Moisan,  Chem,  Soc,  Jour.  1876,  i.  162).  This  compound  is  formed  by  the  action  of 
ethyl  iodide  on  the  sodium-derivative  of  phenyl-acetylene  (Ut  SuppL  6) : 

C«H».C=CNa  +  C«H»I  =  Nal  +  Cra».CQ5.C«H». 

The  two  substances,  in  equivalent  proportions,  mixed  with  a  quantity  of  anhydrous 
ether  su£Bcient  to  give  fluidity  to  the  mass,  are  heated  in  sealed  tubes  to  120^-140°, 
whereupon  a  brisk  reaction  takes  place,  and  a  large  quantity  of  combustible  gas  is 
formed,  so  that  it  is  advisable  to  open  the  tubes  from  time  to  time  in  order  to  relieve 
the  pressure.  On  filtering  the  liquid  product  from  the  sodium  iodide  and  distillin|^, 
ethyl-phenyl-acetylene  passes  over  at  200°,  and  a  small  quantity  of  resinous  matter  is 
left  behind. 

Ethyl-phenyl-acetylene,  after  being  purified  by  two  or  three  distillations,  is  a 
colourless,  very  refractive  liquid,  having  a  peculiar  odour,  a  sp.  gr.  of  0'923  at  21°, 
and  boiling  at  201^-203°.  It  unites  directly  with  bromine,  and  when  heated  with 
fuming  hydrobromic  acid  yields  ahydrobromide  heavier  than  water,  smelling  like 
peppermint,  and  partly  decomposed  by  distillation. 

The  hydrobromidc,  heated  to  150^-160°  in  sealed  tubes  with  glacial  acetic  acid 
and  an  equivalent  quantity  of  silver  acetate,  yields  the  corresponding  acetate, 

C"H'»  j  oc^H'O'  *  fr»fi^°^  liquid,  boiling  at  223°-230°,  and  convertible,  by  digestion 

i-rr 

over  the  water-bath  with  caustic  potash,  into  the  alcohol  G'^H'*]  qu* 

This  alcohol,  when  purified  by  several  distillations,  is  a  colourless  liquid,  having  a 
pleasant  odour,  a  sp.  gr.  of  0'985  at  1 9°,  boiling  at  224^-226°,  and  combining  readily 
with  bromine.  Its  constitution  might  be  represented  by  either  of  the  following 
formula: 

C«H»— GH  G«H»— GOH 

C«H»— COH  G«H*— CH 

bat  farther  experiments  are  required  to  show  which  of  these  is  the  true  one. 

18.    See  Gakbamidbs  (p.  391). 
ITOn.    See  Phbntl  Kstonbs. 
See  OxAxiDE. 
ECAXBAKIDB.    See  Htdbazine-comfounds. 
[&OBaTZC  AOZB.    See  PHLOBsnc  Acid. 
[OSraZVB.    See  PEOSFHunis. 
^KOVT&  CAXBXVO&*    See  Hkxtl  Alcohols. 

See  Pboptl  Hbtonks. 
See  Ptbooallol. 


LOZm  G<H\G^*)N.    This  compound  is  produced  by  distillatic 
aineatnl  ethjlammonjom  mucate,  CH**0\G^HM$H5Y.  'S&a!d'&«jd<i^2A«(^:i%aTM|{ia 
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in  a  solution  of  ethylamine,  with  considerable  rise  of  temperature.  The  solutioii,  vhen 
evaporated,  deposits  rhombic  prisms  of  ethylammonium  mucate,  which  closely  resemble 
those  of  the  ammonium  salt,  but  are  distinguished  therefrom  by  their  great  solubility 
in  alcohol.  The  salt  decomposes  when  distilled,  eyolving  carbon  dioxide.  The  dis- 
tillate separates  into  two  layers,  the  lower  of  which  consists  of  a  solution  of  ethyl- 
ammonium  carbonate,  and  the  upper  of  ethyl-pyrrol,  which  is  a  liquid  boiling  at 
131^,  and  having  the  smell  and  external  characters  of  ordinary  pyrrol.  Its  sp.  gr.  at 
le"*  is  0*8881  (0.  A.  Bell,  Deut,  Chem.  Gea.  Ber.  ix.  935). 

See  SncciNiHiDB. 

by  the  action  of  alcoholic  or  aqueous  ammonia  on  the  compound  of  succinimide  and 
ethyl  cyanate,  (C*H*0*)HN.CN(C*H*)0  (succidcyanic  ether),  produced  by  direct  com- 
bination of  tiie  two.  It  crystallises  in  needles,  nielts  at  199^,  and  is  decomposed  by 
heating  with  aqueous  ammonia  (Menschutkin,  Deut.  Chem.  Qea.  Ber.  vii.  128). 

BTBT&-8irXi9BACBTZC  ACZO,  C'HSjS.CH^COOH. 


BTBTXi-SraVKZVACBTZC  ACZD,  C3H^S0.CH<.C00H. 

U  C«H».SO«.CHlCOOH. 


See         SuLPH- 
ACETic  Acids. 


Bxamb-BirziyBzvzc  aczd,  c^h\SO<H.  >  „    ^  ^ 

See  SuLPHUBOus  Ethrks. 


\\ 


\,  C«H*.SO»H 

BTBTZr-BirZiPBinfcZC  CB&OBZDB.    See  Sulphurtl  Cinx)Rn>B 

See  Tbbpenbs. 
See  Methtl-thbtikb. 


CS=:N — CH*,  is  easily  produced  by  the  action 
of  ethylamine  on  thiocarbonyl  chloride : 

CSC1«  +  C«H»NH«  -  2HC1  +  CS=N— CH* 

(Rathke,  lAeMa  Annalen,  clxvii.  211). 

BTBTX-THZOBITLVBUBZC  ACZD,  C^H^S<0>H.    See  Thiosulphxjbic  Acid 
mder  Sulphub,  OxTOBir-AciDS  of. 

BTBTX-TOZiirBVB,  0>H>* » C*HXCH*)(C«H*).  Meta-ethyl-toluene, 
C'.CH'.H.Cfi\H',  is  prepared  by  boiling  an  ethereal  solution  of  ethyl  bromide  and 
meta-bromotoluene  {2nd  Suppl.  1164)  with  sodium  for  two  days.  This  product, 
finally  rectified  oyer  sodium,  is  a  colourless  liquid  boiling  at  158^-159°,  and  having  a 
sp.  gr.  of  0*869  at  20°.  By  oxidation  with  chromic  acid,  it  yields  isophthalic  add. 
Wi^  sulphuric  acid  it  forms  two  meta-ethyl-toluenesulphonic  acids.  The 
barium  salt  of  the  a-acid,  (C*K'*S0')'Ba  +  6KK>,  forms  large  well-defined  cnrstals, 
sparingly  soluble  in  water ;  the  barium  salt  of  the  /3-acid  is  easily  soluble  and  crys- 
tallises m  small  prisms  (Wroblewsky,  Deut.  Chem.  Gee.  Ber.  vii.  140). 

Para-ethyl-toluene,  C*.CHMI.H.C*H*.H", is  prepared  by  the  action  of  sodium 
on  a  mixture  (not  exceeding  28  to  30  grams)  of  para-bromo-toluene  and  ethyl  iodide. 
The  product,  after  repeated  rectification,  boils  at  161^-162°,  and  does  not  solidify  in 
a  freezing  mixture.    By  oxidation  with  nitric  acid  it  yields  pure  paratoluic  acid. 

Nitro-ethyltoluenee. — Fara-ethyltoluene,   treated  at  ordinary  temperatures 
with  fuming  nitric  acid,  yields  two  isomeric  dinitro-ethyltoluenes,  CH*\NO')*y 
one  of  which  separates  from  the  oily  product,  on  standing  over  sulphuric  acid,  in 
limpid  monoclinic  prisms  or  large  tables,  whilst  the  other  forms  an  oil  which  does 
not  solidify  even  in  a  freeeing  mixture.    The  solid  modification  dissolves  easily  in  hot^ 
less  easily  in  cold  alcohol,  and  separates  therefrom  by  slow  crystallisation  in  very 
large  crystals  having*  a  rhombohedral  character  and  melting  at  52^.    Both  thesi 
dinitro-corapounds,  when  further  treated  with  a  mixture  of  nitric  and  sulphuric  adds 
yield  one  and  the  same  trinitro -para- ethyl  toluene,  C*H'(NO*)',  in  crystaU 
unaccompanied  in  either  case  by  an  oil.    This  trinitro-componnd  melts  at  02°,  dis 
solves  sparingly  in  cold,  much  more  freely  in  boiling  alcohol,  and  dystallises  therdron. 
in  stellate  groups  of  short,  hard  prisms  (Jannasch  a.  Dieckmann,  DeiU.  Chem.  Gee.  Ber 
vii.  1613). 

BTKTXr»VABTrtliTW.    See  Vaxillik  (p.  305). 

BTBTZl-VZVTZ^  C«H«  =  CH»— CH«— CH=OH«.  Normal  BtOylene  (p.  367).- 
lieben  {Bull.  8oc.  Chim.  [21,  xii.  282)  obtained  ethyl-vinyl  acetate  by  trans 
fonnHtion  of  secondary  butyl  iodide,  prepared  by  the  action  of  HI  on  butylene  chlor 
hydrin,  C'H«(0H)C1  (1st  Suppl.  376).    This  aceUte  boils  at  106°-111°,  and  hats  & 
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sp.  gr.  of  0*896  at  O*'.  Heated  with  excess  of  strong  aqueous  potash  in  scaled  tulH<« 
for  ton  hours  to  1 SC-ISS**,  it  yields  secondary  butyl  alcohol,  CH«--CH«— CHOH— CH», 
boiling  at  98'5''-99'',  and  having  a  sp.  gr.  of  0*834  at  0^  and  0*818  at  21°  (Nevoid, 
Compt.  rend,  Izxxy.  514 ;  compare  Chapman,  Ist  Suppl,  377). 

Ethyl-vinyl  bromide,  CH»— CH*— CHBr— CH«Br  (b.  p.  164°-166°) is  formed, 
together  with  ethylene  bromide  (b.  p.  below  160^)  and  monobromethylene  bromide 
(above  180°)  by  heating  2  pts.  vinyl  bromide  and  1  pt  zinc-ethyl  in  sealed  tubes  for 
five  or  six  weeks.  The  eth^l-vinyl  bromide,  heated  with  silver  acetate  and  acetic  acid 
in  sealed  tubes,  yielded  a  distillate  which,  when  freed  trom  silver  by  baryta  and  from 
baryta  by  carbonic  add,  formed  a  thick,  colourless,  sweet  liquid,  boiling  at  192°-193°, 
and  having  the  composition  of  bntylene  glycol,  mixed  with  a  little  ordinary  glycol. 
The  butvlene  glycol  uius  prepared  is  identical  with  that  which  Grabowsky  a.  Saytzefl 
obtained  by  saponifying  norEoal  butylene  bromide  with  potash  or  baryta  (p.  862). 


This  mineral  occurs  in  association  with  chalcomorphite  (a 
calcio-aluminic  silicate  described  by  G.  vom  Bath,  Pogg,  Ann,  ErgSfuungsoand,  vi. 
376),  from  which  it  can  scarcely  be  distinguished  in  external  appearance.  It  is  hex- 
agonal, exhibiting  the  forms  F,  ooF,  OP,  ^P.  Axial  ratio  a  :  ca  1  :  0*9434.  Angle 
P  :  oo  P»  137°  27'  (measured) ;  P  :  P  in  the  terminal  edge  » 136''  46',  in  the  lateral 
edge » 94*54°  ;  inclination  of  the  &ce  P  to  the  vertical » 42°  33';  inclination  of  the 
terminal  edge  P  to  the  vertical  "  46°  40'.  Sp.  gr.  »  1*7504.  Hardness  a  little  less 
than  that  of  gypsum.  Cleavage  prismatic,  perfect.  Swells  up  before  the  blowpipe, 
but  does  not  fuse.  Soluble  in  hydrochloric  acid,  and  for  the  greater  part  in  water ; 
the  aqueous  solution  is  strongly  alkaline.  The  crystals  give  on  water  even  at  100°, 
and  acquire  a  silky  lustre ;  at  120°  they  give  off  33  per  cent  water;  at  150°,  34  per 
cent. ;  at  200°,  36  per  cent. ;  and  at  a  red  heat,  45*8  per  cent.    Quantitative  analysis 

gave: 

Al'O'  80*  CbO  HK) 

7  76  16*64  27*27  45*82   =   97*49 

The  determination  of  the  sulphuric  acid  was  attended  with  loss,  so  that  this  con- 
stituent should  perhaps  be  estimated  2*51  per  cent,  higher.  With  this  allowance,  the 
analysis  agrees  nearly  with  the  formula  AlK)*.3SO'-i>6(CaO.HK))  +  26aq.,  which 
requires  8-21  per  cent  Al'CH,  19*12  SO*,  26*77  CaO,  and  45*90  HK)  (Lehmann,  Jakrb, 
/.  Mm.  1874,  273). 

MUCA3LYWTUB,  According  to  Faust  a.  Homeyer  {Deut,  Chem.  Ges  Ber.  vii. 
63,  1429),  the  oil  of  Eucalgptua  globulus  cont&iiiB  tL  terpene  boiling  at  150°-151°, 
another  terpene  called  eucalyptene,  boiling  at  172°-175^,  together  with  cymene 
and  a  camphor-like  body,  C'*H>*0.  The  terpene  boiling;  at  150°-151°  is  present  in 
small  quantity  only ;  it  takes  fire  with  iodine,  and  resinises  on  exposure  to  the  air. 

The  oil  called  mcalyptol  by  Ooez  (2nd  Suppl,  493)  is  a  mixture  of  about  70  per 
cent,  eucalyptene  ana  30  per  cent,  cymene.  After  rectification  over  sodium,  it 
boils  between  171^  and  174°.  It  dissolves  in  all  proportions  in  absolute  alcohol, 
ether,  and  chloroform,  and  in  about  15  pts.  of  90  per  cent,  alcohol ;  has  the  odour  of 
a  fine  terpene ;  detonates  with  iodine ;  absorbs  oxvgen  with  avidity ;  turns  brown 
with  strong  sulphuric  acid ;  and  is  converted  by  oxidation  with  dilute  nitric  acid  into 
paratoluic  and  terephthalic  acids. 

The  eucalyptene  and  cymene  contained  in  eucalyptol  cannot  be  separated  by 
fractional  distillation.  To  obtain  the  cymene,  the  mixture  was  shaken  with  sulphuric 
acid  diluted  with  one-fourth  part  of  water,  and  then  heated,  whereby  the  eucalyptene 
was  polymerised ;  then,  after  three  days,  the  liquid  was  mixed  with  water  and  distilled, 
whereby  a  distillate  was  obtained,  consisting  of  cymene,  which,  after  repeated  rectifica- 
tion over  sodium,  boiled  at  173°-174°.  The  barium  salt  of  the  cymenesulphonic 
acid  prepared  from  it  had  the  composition  (C*'H*'SO')'Ba+  3HK),  and  the  properties 
descnbed  by  Beilstein  a.  Kupffer  (2nd  Suppl.  420). 

The  camphoroidal  body,  C'*B**0,  is  a  colourless  oily  liquid  which  becomeo  faintly 
yellowish  on  exposure  to  light,  boils  at  216°~218°,  is  insoluble  in  aqueous  j)otash, 
and  vields  cymene  when  distilled  with  phosphorus  pentasulphide.  Its  analysis  gjire 
numbws  intermediate  between  those  required  by  the  formuUs  C"H*^0  and  C^'H'^O, 
but  the  reactions  of  the  body  show  that  it  is  not  an  oxycymene  (Faust  a.  Homeyer). 

Oppenheim  a.  Pfaflf  (Jkmt.  Chem.  Ges.  Ber.  vii.  625)  have  examined  Australian 
eucidyptUB  oil,  probably  obtained  £com  Eucal^tue  odorata  and  E.  (vmygdalina.  By 
repeated  treatment  with  potash,  washing  with  water,  and  fractionation,  it  yielded 
eucalyptene,  G**H>*.bouing  at  172°-175°,  and  having  a  yapour-density  « 68*55 
and  68*22  (calc.  68,  H  » 1).  This  hydrocarbon  did  not  form  a  dystallised  compound 
with  hydrochloric  acid,  or  yield  a  ciystallised  hydrate  when  left  for  six  months  in 
contact  with  nitric  acid  and  alcohol.    Whon  treated  with  half  the  calculated  quantity 
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of  iodine^  it  was  converted  into  cymene,  G**H*\  which,  when  oxidised  with  dilute 
nitric  acid,  yielded  paratoloic  acid  melting  at  173^-176^.  The  crude  oil  did  not 
yield  any  oxidised  compound  answering  to  the  eucalyptol  of  Cloez. 

By  exhausting  old  leaves  of  EuctdyptuB  globuUu  with  alcohol,  a  complex  resin  is 
obtained  consisting  of  tannin ;  a  resinous  acid  dissolving  with  crimson  colour  in 
sulphuric  acid ;  a  new  fatty  acid  melting  at  245^-247^,  and  containing  77  per  cent, 
carbon  and  11  per  cent,  hydrogen;  an  alcohol  which  is  perhaps  oeryl  alcohol ;  and 
several  resins  (P.  A.  Hartzer,  Deut.  Chem.  Ges.  Ber.  ix.  314). 


I.  This  name  is  given  by  Shepard  to  a  variety  of  magnesia 
mica,  foxmd  at  Chester,  Massachusetts,  m  schistose  masses  formed  of  scales  having  an 
easy  cleavage  parallel  to  the  base.  Translucent  in  thin  plates.  With  the  polarising 
microscope  it  exhibits  a  single  negative  axis  across  the  base.  Colour  deep  green. 
Somewhat  flexible.    Hardness  2*5.    Density  2'84.     Composition  : — 


SO" 

A1«0" 

PeH)» 

MgO 

Alkalis 

LosB  on  ifrnitjon 

3955 

16-96 

7-80 

22*25 

10-36 

4-10 

(Pisani,  Compt,  rend.  Ixxxiii.  166). 

BVOBVO&,  C«»H"0«-C«H«(OH)(OCH«)(C»H»)  (Church.  Ckem,  8oe,  J,  1875. 
113  ;  Wassormann,  LUbi^a  Anmden,  clxxix.  366).  Pure  eugenol  prepared,  as  already 
described  (ii.  604),  by  treating  oil  of  cloves  with  aqueous  potash,  acidulating  the 
alkaline  liquid  with  hydrochloric  acid,  and  distilling,  has  a  specific  gravity  of  r066 
at  16''  (Church),  1-0788  at  0",  1*0630  at  18*6''  (Wassermann),  and  boils  at  244<' 
(uncorr.),  261*8  (corr.)  (Church),  at  246^  (Wassermann).  It  does  not  reduce  alkaline 
cupric  solutions  even  at  the  boiling  heat,  but  reduces  ammoniacal  silver-solutions 
when  left  in  contact  with  them,  even  at  ordinary  temperatures.  By  chromic  acid  mixture 
it  is  quantitativelv  oxidised  to  carbon  dioxide,  acetic  acid,  and  water  (Wassermann). 
When  distilled  with  caustic  baryta,  the  greater  part  of  it  is  carbonised,  but  a  small 
portion  is  converted  into  a  compound  having  the  composition  of  metkt/l-eHgenol, 
C^H'^C.  but  differing  from  that  substance  by  its  boiling  point,  which  is  262*5^ 
(oorr.),  whereas  methyl-eugenol  boils  at  237^-239^  (Church). 

When  bromine  is  added  to  an  ethereal  solution  of  eugenol,  as  long  as  any  action 
takes  place,  and  the  ether  then  evaporated,  a  brown  viscous  residue  is  left  which 
shows  no  tendency  to  ciystallise.  but  is  probably  an  addition -product,  similar  to  that 
which  is  obtained  in  like  manner  £rom  ethyl-eugenol,  infra  (Wassermann). 

Comtitution  of  Eugenol. — This  compound  is  intimately  related  to  coniferol, 
C«H«rOOH«)(OH)(C«H*.OH),  being  anparenUy  formed  from  that  body  by  fusion  with 
potash,  or  by  heating  with  water  and  sodium-amalgam  (p.  554),  and  to  vanillin  or 
methyl-protocatechuic  aldehyde,  C'H'(OCH*)(OH)COH,  into  wMch  it  is  converted  hy 
the  oxidation  of  its  potassium  salt  with  potassium  permanganate  (p.  305).  Jcet^ 
eugenol,  formed  by  heating  eugenol  with  acetic  anhydride,  yields  by  oxidation  with 
permanganate  a  mixture  of  acetovanillio  acid  and  ocetovanillin,  whidi,  when  treated 
with  a  solution  of  sodium  hyposulphite,  are  converted  respectively  into  vanillic  acid 
and  vanillin.  Now  in  all  these  compounds  the  hydroxyl-group  stands  in  the  para- 
position,  and  the  methoxyl-group  in  the  meta-position,  with  respect  to  the  third  lateral 
chain,  viz.  CH^OH  in  coniferol,  COOH  in  vanillic  acid,  COH  in  vanillin  :  hence,  also, 
in  eugenol  the  relative  positions  of  the  lateral  chains  must  be : 

0»H* :  OH :  0CH»  -  i :  8  :  4. 


Substitution'derivativea  of  Eugenol, 

Aoetyl-eogenol,  C"H«0*-C<H*rOCH')(OC>H*OXCH»),  is  prepared  by  boiling 
a  mixture  of  equal  parts  of  eugenol  and  acetic  anhydriae  for  three  or  four  hours  in  a 
vessel  with  a  reflux  condenser.  On  distilling  the  product,  acetic  add  and  anhydride 
pass  over  first,  and  then  the  thermometer  rises  quickly  to  270^,  at  which  temperature 
the  acetyl-eugenol  distils  over  as  a  colourless  oil,  which  solidifies  on  cooling  to  a 
crystalline  mass. 

Acetyl-eugenol  melts  at  30^-31°,  dissolves  easily  in  alcohol  and  ether,  is  insoluble 
in  water  and  in  cold  dilute  alkalis,  and  is  decomposed  by  boiling  caustic  alkalis  into 
eugenol  and  acetic  acid.    Strong  sulphuric  acid  dissolves  it  with  deep  red  colour. 

Acetyl-eugenol  is  oxidised  by  potassium  permanganate  solution  at  35*^-40^,  to 
acetovanillic  acid,  C"H"0*,  and  acet-alphahomovanillic  acid,  C"H'K)* 
(see  HoMovANiLLic  acid).  The  formation  of  this  last  acid  shows  that  the  radicle 
i?B?  in  eugenol  has  the  constitution  of  allyl  — CH^— CHzuCH'. 
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'.•wCo 


CH«  >OCH« 

+   0*  =  CH^^i 


.    OC*H»0  +   0*  =  CH^^C^H^O  +   CO*  +   H«0. 

\CH«— CHrzCH'  \0H»— COOH 

Acetyl-eogcnoL  Aoethomovanillic 

acid. 

The  acetoTanillic  acid,  which  is  the  sole  product  obtained  at  higher  temperaturus, 
result!  from  oxidation  c^  the  remaining  group  CH*  (Tiemann  a.  Nagajoei-Nagai, 
Ikmi.  Chem.  Ges.  Ber,  x.  202)  ;  see  also  Erlenmeyer  {jbuL  628). 

The  derivatiyes  of  eugenol  containing  ethyl  and  its  homologues  are  prepared  by 
heating  potassium-eugenol  with  the  iodides  or  bromides  of  the  yarious  radicles,  and 
A  little  alcohol  in  sealed  tubes. 

athyl-eiiffenol*  C«H»«0«=0«H»(OCH»XOC»H»)fC«H»).  Wassermann  (lAehif/'s 
Annalent  clxxix.  366^  prepares  this  compound  by  gradually  dropping  eUiyl  bromide 
(33  parts)  into  a  mixture  of  60  eugenol,  17  potassium  hydroxide,  and  40  water, 
heated  in  the  water-bath  in  a  Tessel  fitted  with  a  vertical  condensing  tube  kept  cool 
by  ice.  The  heating  is  continued  till  the  smell  of  ethyl  bromide  is  no  longer  percep- 
tible, the  liquid  then  diluted  with  water,  and  the  ethyl-eugenol  thereby  separated  is 
further  treated  with  potash  and  with  water,  and  dried  over  calcium  chloride. 

Ethyl-eugenol  boils  at  260°  (under  713  mm.),  or  at  264^  (under  760) ;  has  a 
density  of  1*0260  at  0^  and  1*0117  at  18*5°;  does  not  act  on  vegetable  colours. 
When  distilled  it  partly  polymerises,  and  at  258°  a  brownish  resinous  mass  is  left 
behind;  and  by  washing  Uiis  mass  with  water  and  crystallising  it  from  alcohol, 
laminsB  are  obtained  having  the  composition  of  ethyl-eugenol,  melting  at  125°  and 
subliming  at  a  higher  temperature. 

Ethyl-eugenol,  oxidised  by  chromic  acid  mixture,  yields  acetic  and  ethyl-methyl 
protocatechuic  acids: 

C»fl'«0»  +   0«  =  C«H«0«  +    C"H"0«, 

together  with  acetaldehyde  and  a  small  quantity  of  a  ciystalline  body  which  smelU 
like  vamlla  and  melts  under  water  (Wassermann). 

Action  of  Bromine  on  EthyUmgenoi, — ^When  ethyl-eugenol  is  treated  with  bromine 
in  the  manner  above  described  with  respect  to  eugenol  itself,  a  crystalline  mass  is 
obtained  which,  after  being  purified  by  crystallisation  from  hot  alcohol,  has  the 
composition  C'H'^Br'O'.  It  forms  lustrous  silky  needles  which  melt  at  80°,  and 
mav  be  sublimed  unchanged.  It  is  readily  soluble  in  ether.  When  this  compound, 
which  may  be  regarded  as  an  addition-product  of  monobromethyleugenol,  C^'E'^BrO', 
is  treated  in  alcoholic  solution  with  metallic  zinc,  the  additive  bromine  is  removed, 
and  a  colourless  compound  obtained,  crystallising  in  large  rhombic  prisms  which  melt 
at  48°.  This  is  soluble  in  alcohol  and  ether,  and  possesses  a  blue  and  rose 
fluorescence.  Its  composition  is  represented  by  the  formula  C**H.**BrO*,  and  as 
neither  silver  acetate  nor  potassium  acetate  or  ethylate  has  any  action  on  it,  it  is 
almost  certain  that  the  bromine-substitution  has  taken  place  in  the  benzene-nucleus 
and  not  in  the  side  chain.  The  substituted  bromine  may  therefore  be  most  con- 
veniently displaced  ftom  the  compound  C*'H^'BrO'  by  means  of  nascent  hydrogen, 
treating  it  in  alcoholic  solution  with  sodium>amalgam :  the  product  thereby  obtained 
is  ethyl-eugenol.    The  two  bromine-compounds  may  be  represented  by  the  formuls 

OH  CHBr 

CH  CHBr 

C«H«Br(OCH«)(OC*H»)  C«H»Br(OCH»XOC«H») 

Btbyl-broniecigeiKd.  Ethyl-bromeugeiiol 

dlbromide. 

(Wassermann,  loc.  cU.) 

The  higher  homologues  of  ethyl-eugenol  have  been  prepared  and  examined  by 
Gahours  (Ixxxiv.  151).  They  are  all  converted  by  gradual  oxidation  into  homologues 
of  protocatechuic  ada. 

fOCH«CH«CH« 

Vrop7leiiffenoI«  C>*H>"0*aC!«H*i  OGH*  ,  is  obtained  by  heating  in  a 

(0»H» 
fiask,  subsequently  sealed  in  the  blowpipe,  a  mixture  of  100  parts  of  eugenol,  100 
parts  of  propyl  iodide,  and  34  or  35  parts  of  potassium  hydrate,  previously  dissolved 
m  strong  alcohol.  The  mixture,  which  must  be  shaken  from  time  to  time,  deposits 
potassium  iodide,  after  which  the  fiask  is  heated  for  some  hours  in  a  water-bath,  until 
tho  depoeitioD  ofpotasaium  iodide  ceases,  whereupon  the  hieat  \aw\UidxaiWu  and  tba  coue- 
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tents  of  the  flask  are  treated  with  water.  A  heavy  oil  then  separates,  which  is  washed 
with  potash  and  water,  dried  with  calcium  chloriae,  and  finally  distilled,  the  portion 
pas8iiig  over  between  260°  and  270°  being  collected  apart. 

Propyl-ougenol  is  a  mobile  liqnid,  of  a  light  amber  oolonr,  with  an  odonr  resembling 
cloves.  It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  in  ether.  Its 
density  is  1  '0024  at  16° ;  it  boils  between  263°  and  265°.  Bromine  and  ftiming  nitric 
acid  attack  it  violently.  By  gradual  oxidation  with  a  hot  dilute  solution  of  potassium 
permanganate,  it  is  converted  into  methyl-propyl-protocatechuic  acid: 

C«H«(OCH«)(OC«H0(C«H»)  +   0«  =  C«H«(OCH«XOCra»XCX)«H) 

-f  5C0«  +   2H«0. 

I^oprnpyUeugenoU  C««H"0««C«H»[CH(CH»)»](OCH«XC«H»),  obtained  like  the 
preceding  compound,  boils  between  252°  and  254°,  ana  has  a  density  of  0*199 
at  17°. 

Batyl^arenoI«  C'<H»0»=0«H"(OC<H»)(OCH«)(C«H»),  prepared  in  like  manner 
with  butyl  iodide,  is  a  fkint  amber-coloured  liquid  boiling  between  272°  and  274°, 
and  having  a  density  of  0*985  at  15°.  Potassium  permanganate  oxidises  it  to 
methylbutyl-protocatechuic  acid,  C>«H>*0*  =  C«H»(OCH»XOC«H«)(CO»H). 

Amyl-eurenol,  C'»H«0«=C«H»(OC»H'»)(OCH«XCH»),  closely  itjsembles  the 
preceding  compounds.  It  boils  between  283°  and  285°  ;  has  a  density  of  0*976  at 
16°,  and  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  Its  odour  resembles, 
at  the  same  time,  that  of  cloves,  and  that  of  the  amyl-compounds.  Potassium  per- 
manganate, at  a  temperature  of  75°~80^,  oxidises  it  to  amyl-methyl-protocate- 
chuic  acid,  C"H'«0*  =  C«H»(OC»H»»XOCH«XCO»H). 

Bezyl-euffenol,  obtained  by  the  action  of  hexyl  chloride  on  potassium-eugenol, 
is  an  amber-coloured  liquid,  boiling  between  296°  and  300°. 

AlljI-enffenol  is  obtained  by  the  action  of  allyl  bromide  on  potassium-eugenoL 
On  distilling  the  product,  a  portion  passes  over  between  267°  and  270°,  then  the 
temperature  rises  to  300°,  and  the  liquid  which  passes  over  solidifies  on  cooling 
into  a  resinous  mass.  The  first  product  gave  numbers  leading  to  the  formula 
C»»fl»0^  and  is.  therefore,  allyl-eugenol.  C«fl«(0C«H»)(0CH«XC5«H»).  The  second 
body  gave  the  same  numbers,  and  is,  therefore,  a  polymeride :  it  boils  between  284° 
and  290°. 

Bensyl-en^enol  is  prepared  in  the  same  way  as  the  preceding  compounds, 
and  resembles  them  in  every  respect    It  is  partially  decomposed  by  distillation. 

Eugenols  containing  Diatomic  Alcokcl-radicles  {Cahoun,  CompUrend, 
Ixxxiv.  167,  1195). 

(0 C«H* 0^ 


BtHylene-earenoI,  C»H<*0<  =  C*H* 


C«H«.    Thiscom- 


OCH»  CH»0 

10«H»  0»H»j 

pound,  formed  by  the  union  of  2  mols.  of  eugenol  having  their  hydroxylic  hydrogen- 
atoms  replaced  by  the  bivalent  radicle  0*H*,  which  joins  them  together,  is  prepared 
by  heating  in  a  sealed  tube  a  mixture  of  eugenol,  alcoholic  potash,  and  ethylene 
bromide.  When  purified  in  the  usual  way,  it  appears  as  a  mass  of  splendid  white 
plates,  with  nacreous  reflections.  It  is  insoluble  in  water  and  cold  alcohol,  but  dis- 
solves in  hot  alcohol,  which  deposits  it  again  on  cooling  in  laige  nacreous  plates, 
melting  at  89°.  Ether,  benzene,  toluene,  glacial  acetic  acid,  and  acetic  ether  dissolve 
it  on  heating,  and  deposit  it  on  cooling  in  well-deflned  crystals.  Nitric  acid  and 
bromine  attack  it  violently.  Phosphorus  pentachloride  at  a  gentle  heat  attacks  it 
strongly,  forming  a  brownish-yellow  resin,  insoluble  in  water,  slightly  soluble  in 
alcohol  and  ether.  By  potassium  permanganate,  ethylene-eugenol  is  oxidised  to 
ethylene-di-methylprotocatechuic  acid, 

{0 CH* 0^ 

OCH«  CH»0 

CO«H  CO«H^ 


C"H'»0«  -  C«H» 


C«H«. 


Propylene-earenol,  C»H»0<  =  0«H» 


(0 0"H« 0^ 


C«H«    is  formed 


00H»  CH»0 

l(?fl»  CHV 

by  heating  trimethylene  di bromide  for  som  hours  in  a  sealed  tube  placed  in  a  water- 
bath  with  an  equivalent  proportion  of  potassium-eugenol  and  a  little  alcohol.  An 
abundant  deposit  of  potassium-bromide  is  then  formed,  and  the  liquid  on  cooling 
becomes  filled  with  splendid  crystals  of  propylene-eugenol,  which,  when  washed  with 
potash  and  water,  dried  between  blotting-paper,  and  dissolved  in  boiling  alcohol, 
BopnRitcs  out  in  nearly  colourless  czystaJs,  and  after  recrystallisation  from  ether. 
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fonnB  oolourloM,  satiny  crystals  closely  resembling  ethylene-engenol.  From  alcohol  it 
separates  in  small,  shining,  colourless  prisms.  Potassium  permanganate  oxidises  it 
to  propylene-di-methylprotocatechuic  acid,  C**!!*'©*. 

A  compound  isomeric  with  the  projm^l^e-e^enol  just  described  is  obtained  by 
heating  propylene  dibromide,  CH* — GHBr — Cll'JtJr,  with  potCLssium-eugenol  and 
alcohol.  On  evaporating  the  alcoholic  liquid  separated  from  the  potassium  bromide, 
and  washing  the  residue  with  potash  and  water,  a  heavY  aromatic  oil  remains,  which 
deposits  a  few  crystals ;  and  on  pressing  these  between  bibulous  paper  and  recrystal- 
lising  from  ether,  needle-shaped  crystals  are  obtained  having  the  composition 
C»H"0*,  and  melting  at  66°-68*»  (CSahours). 


A  bismuth  silicate  hitherto  known  only  as  occurring  at  Sehneeberg 
in  Saxony  (ii.  606),  has  lately  been  found  also  at  Johannffeorgenstadt  The  Sehnee- 
berg mineral,  however,  occurs  in  distinguishable  crystafiine  forms  of  clove-brown 
colour,  whereas  that  from  Johanngeorgenstadt  forms  transparent,  colourless,  or  wine- 
yeUow  spherules  resolvable  by  the  lens  into  groups  of  perfectly  rounded  crystals. 
These  spnerules  gave  by  analysis  16*67  per  cent,  silica,  and  81*82  bismuth  oxide, 
together  with  0*90  ferric  phosphate^  agreeing  with  the  formula  2BiK>>.3SiO>(  1625 
silica  and  83*75  bismuth  oxide),  which  is  U^t  of  the  Sehneeberg  mineral  as  deter- 
mined by  G-.  vom  Rath.  The  spherules  are  implanted  en  quartz,  and  accompanied 
by  bismuth,  bismuth  ochre,  and  doanthite.  Eulytin  is  often  accompanied  by  an 
arsenite  of  bismuth  called  agricolite  (p.  48).  (Frenzel,  Jahrb,  f.  Mineralogies 
1873,  785). 

gUPHOBBTA.  The  ash  of  Euphorbia  amygdaldidee  has  been  analysed  by 
Wittstein  (Arch.  Pharm,  [3],  iv.  341),  with  the  following  results : 

1.  On  siliceous  soil.    Total  ash  of  air-dried  plant  a*  5*936  per  cent. 

K»0  Na«0  Na(\^itha)  OaO  MrO  A1»0»  1'V<>» 

33*441         1*443  1*155  15121         4*371         1057         0  413 

Mn"0»  a  80"  PO*  SIO"  (X)- 

0-344  1*781  7*135  6*414  12*093  15*832. 

2.  From  another  siliceous  soil.    Total  ash  b  4*850  per  cent. 

KK)  Na"0  Na(witha)  OaO  MgO  A1«0"  Pe^)» 

15*362        0*298  0*540  33135         4*796         1*325        0*656 

Mn"0»  a  SO"  PO*  BIO*  C0« 

trace  0*836  3*733  4*474  8*684  25*970. 

According  to  P.  H.  Dilg  (Pharm,  J.  TVaiw.  [3],  vii.  455),  the  aqueous  extract  of 
the  root  of  Euphorbia  Ipecacuanha  does  not  contain  sugar,  but  gives  the  sugar  reaction 
after  boiling  with  hydrochloric  acid.  The  alcoholic  extract  contains  &t>  a  waxy 
substance,  and  a  crystalline  body.  The  extract  prepared  with  petroleum-ether  con- 
tains euphorbone  (\st  Suppl.  609). 

SKCXWKBMT8.  1.  Of  the  Bat.—yf.  M'Murtrie  (American  Chemist,  iv.  339) 
has  analysed  the  excrements  of  the  common  bat  found  in  a  cave  about  two  miles 
long,  in  which  these  animals  collect  in  large  numbers.  The  layer  of  excrement  i&  in 
Biany  parts  16  feet  thick.    Its  analysis  gave : 

Moisture 12*8000 

Or^;anic  matter      .                .                9*7000 

Sibea,  insoluble  in  hydrochloric  acid 42*2900 

„      soluble      ,,           „            „ 9*4100 

Phosphoric  acid  (P«0»)  sol.  in  water 0*2277 

„           „                 insol.      „ 1*4678 

Ferric  oxide 0*1169 

Alumina 19*8800 

lime 1*6377 

Magnesia 20900 

Nitric  add 0*0823 

Sulphuric  acid ' 

Soda I-  traces 

Carbonic  acid 


99*7019 
See  also  Popp  (2nd  Suppl,  496). 

2.  Of  Poultry. — Experiments  have  been  made  by  W.  von  Enieriem  (Zeitsckr.f. 
Jfiolc^  xiiL  36),  with  the  view  of  determimng  t\ie  effect  YciA^QAfidk.  OtH  >^^  vi^^sMst&sQiuk 
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of  birds  by subetanceB,  roch  as  asparagine,  asparticacid,  glycoeine,  leucine, 
and  ammonium  salts,  which  are  known  to  be  converted  into  urea  in  the  bodies  uf 
mammals.  The  result  has  been  to  show  that,  in  the  bodies  of  poultiy  all  these 
substances  are  converted  into  uric  add,  with  the  exception  of  the  ammonium  salts, 
which  leave  the  body  of  the  fowl  in  their  original  state.  This  accounts  for  an  excess 
of  ammonia  in  the  excrement  beyond  that  necessazr  to  combine  with  the  uric  acid 
present.  During  the  digestion  of  proteids  by  fowls,  the  same  bodies  are  formed  as 
in  the  case  of  ammonia,  viz.  aspartic  add,  leucine,  and  glyoodne,  and  these  products 
may  be  regarded  as  the  forerunners  of  uric  acid. 

BXV&08Z0 V.  The  following  statejnent  of  the  composition  of  various  explodve 
matorials  of  recent  introduction  is  given  by  A.  Kobel  (MomU,  8oieiU\f.  vi.  248).  The 
proportions  of  material  used  in  the  manu&cture  of  dynamite  are :  strong  nitric  add 
ri5pts.;  strong  sulphuric  add  200;  glycerin  1'46,  and  0*26  dry  infusorial  silica. 
Explosives  of  similar  composition  are :  ammonia-powder,  dualin,  seranim  and  litho- 
fracteur.  Ammonia -powder  is  prepared  with  80  pts.  ammonium  nitrate,  6  wood- 
charcoal,  and  16-20  pts.  nitroglycerin.  It  excels  dynamite  in  explosive  power,  but 
the  ammonium  nitrate  renders  it  hygroscopic  Seranim  is  a  mixture  of  potassium 
chlorate  and  nitroglycerin:  the  chlorate  enhances  the  price  and  the  dangerous 
character  of  the  product,  without  improving  it  Dualinisa  mixture  of  saw-dust, 
saltpetre  and  nitroglycerin:  it  has  not  come  into  use.  Lithofracteur  consists, 
according  to  the  statements  of  the  manufacturers,  of  65  nitroglycerin,  21  infusorial 
silica,  6  wood-charcoal,  15  barium  nitrate  mixed  with  neutial  sodium  carbonate,  and 
3  sulphur  with  manganese  dioxide.  Dynamite  'No.  2'  is  ordinary  gunpowder 
having  its  sulphur  replaced  by  nitroglycenn. 

The  following  are  the  relative  balUstic  powers  of  these  compounds,  that  of  nitro- 
glycerin being  » 100 : 

Vat  equal       For  eqml 
Weight         Yolnmei 

Compressed  gun-cotton 71  45 

Dynamite  (0*25  dlica,  0'75  nitroglycerin)         ...        72  74 

Ammonia-powder 83  80 

Comp.  gunpowder  mixed  with  20  per  cent,  nitroglycerin  .        50  — 

Strongly  explosive  powder  of  Curtis  a.  Harvey         .        .        28  17*5 

Mercuric  fulminate 30  — 

The  strongest  lithofracteur 56*5  58 

Roux  a.  Sarrau  {Compt,  rend.  Ixxix.  757)  have  determined  the  different  forces 
exerted  by  various  explosive  substances,  according  as  the  substance  is  made  simply  to 
deflagrate  (explosion  of  the  second  order),  or  to  detonate  by  the  percussion  of  mercuric 
fulminate  ^explosion  of  the  first  order).  The  redprocals  of  the  weip;hts  (after  due 
corrections)  of  each  substance,  which,  when  exploded  in  the  two  ways  just  mentioned, 
sufficed  to  rend  similar  cast-iron  shells,  gave  the  relative  explosive  forces.  Some  of 
the  results  are  given  in  the  following  table,  the  explosive  force  of  gunpowder  ignited 
in  the  ordinary  manner  being  taken  as  100  : 

BxplosiTe  toroe 
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l8t  Order  Snd  Order 

Mercury  fulminate      .        .  *      .        .        .        .  928  — 

Gunpowder 434  100 

Nitroglycerin .  1013  480 

Gun-cotton 646  300 

Picric  acid 550  204 

Potassium  picrate 531  182 

Barium  picrate 550  171 

Strontium  picrate 451  135 

Lead  picrate 594  155 

Roux  a.  Sarrau  (ibid,  Ixxvii.  1 38, 478)  have  also  determined  the  heat  of  combustion 
of  various  explosive  substances.  The  experiments  were  made  with  cylindrical  cast- 
iron  shells,  having  a  thickness  of  metal  equal  to  6  mm.,  and  an  internal  capadtyof  270 
to  280  C.C.  The  powder  was  exploded  by  means  of  a  wire  ignited  by  an  electric  cur- 
rent. The  shell  was  immersed  in  a  copper  vessel  containing  water,  the  temperature 
of  which  was  observed  before  and  after  tho  explosion.  The  results  are  given  in  the 
following  table : 
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Oomposition  of  Powder 

Heat-unite 

erolved  for 

lld]o.of 

powder 

Wei^tof 

gnaesper 

kQo.  of 

powder 

Nitre 

Salphnr 

Obaxooil 

Sporting  powder . 
CmlDnnce  powder 
Rifle  powder 

78 
76 
74 
62 

10 
12-5 
10-6 
20 

12 
12-6 
15-5 
18 

807-8 
752-9 
780-8 
670-2 

0-887 
0-412 
0-414 
0-499 

In  another  set  of  experiments  the  volume  of  gas  produced  by  the  combustion  of 
the  several  kinds  of  powder  was  determined  by  explooing  the  powder  in  a  wronght- 
iron  cylinder  of  known  capacity  connected  with  a  mercurial  pressure-gauge. 

The  results  obtained  are  tabulated  as  follows  : — 


Heat-nnita. 
(1dl.-degreeB) 

De^prees  C. 

(abflolute 

temperature) 

Vol.  of  gaa 

inUtres 
reduced  to 
0°  and  760 

Preesnre  In 
atmoipherefi 

Force  in 
meter-tons 

Sporting  powder 
Ordnance  powder     . 
Rifle  powder    . 
Blasting  powder 

807-8 
762-9 
730-8 
670-2 

4664 
4360 
4231 
3372 

234 
261 
280 
807 

3989 
4168 
4339 
3792 

373 
349 
339 
270 

Experiments  were  also  made  with  dynamite,  gun-cotton,  and  other  explosive 
mixtures  with  the  following  results : 


Heat-unite 

Weight  of  gaa 
for  1  kgr. 

Vol.  of  gaa 
fbr  1  kgr. 

Oun-ootton 

Dynamite  of  76  per  cent. 

Picrate  of  potassium   .... 

Mixture  of  66  parts  picrate  and  46  > 

nitrate  of  potassium                 •     •  > 
Mixture  of  equal  parts  of  picrate  and ) 

chlorate  of  potassium 

1066-3 

12900 

787-1 

916-3 
1180-2 

0-863 
0-600 
0-740 

0-485 
0-466 

720  Utres 
466     „ 
676     „ 

834     „ 
329     „ 

Ignitina  Tsmperature  of  Explonve  Bodies. — When  explosive  substances  are  slowly 
warmed,  tney  detonate  at  a  lower  temperature  than  when  they  are  suddenly  heated. 
To  eliminate  this  source  of  error  in  the  determination  of  the  temperature  of  ignition, 
F.  Hess  (Dinghpol.  J,  ccxviii.  227)  introduced  into  the  bath  in  which  a  substance 
had  been  exploded  by  gradual  heating,  a  second  sample  of  the  same  substance  at  the 
temperature  of  the  explosion,  and  repeated  this  treatment  till  the  times  during  which 
the  samples  had  to  remain  in  the  bath  before  explosion  were  fbund  to  be  equal  in  two 
successive  experiments.  The  mean  of  the  two  temperatures  thus  observed  was  taken 
as  the  temperature  of  isnition.  By  this  method  it  was  found  that  the  purest  gun- 
cotton,  prepared  by  Lenk^  process,  exploded  at  250° ;  dynamite  prepared  with  in- 
fusorial silica  at  280° ;  Sohultse^s  powoer  at  220*76°.  This  method,  however,  requires 
considerable  time,  and  an  approximate  estimate  ^  the  temperature  may  be  obtained  as 
follows :  A  sheet  of  thick  platinum  foil,  horizontally  extended,  is  heated  near  the  end 
by  a  blow-pipe  flame,  and  the  places  on  the  sheet  at  which,  with  a  given  power  of 
flame,  cadmium,  tin,  bismuth,  lead,  antimonv,  &&,  enter  into  fusion  are  marked.  By 
this  means,  the  kindling  temperatures  of  the  explosives  may  be  compared  wiUi  the 
melting  points  of  the  several  metals. 

Chi  iha  influence  of  the  Fuse  on  the  Explosion  of  Compressed  Gtm-cotton,  see  Oham- 

Sion  a.  Pellet  (Cbmp^.  rend,  Ixxxi.  962 ;  Chem,  8oe,  Jour,  1876,  i.  516).  The  same  authors 
ireet  attention  to  certain  analogies  between  the  phenomena  of  explosion  and  those  of 
the  sudden  crystallisation  of  salts  from  their  supersaturated  solutions  (Oo9f^,  rend. 
Ixxvii.  68;  Chem.  8oc,  Jour.  1873,  1103). 

Etplosioru  in  Flour-miUs. — These  explosions  ma^  be  due  either  to  the  rapid  com 
bustion  of  finely  divided  flour  diffused  tluough  the  air,  or  to  the  ignition  of  a  mixture 
of  air  with  gases  produced  by  the  decomposition  of  floor. 
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a.  When  floor  is  mixed  with  air»  and  a  candle  is  brought  in  contact  with  the 
mixture,  it  will  iguito  and  fire  off,  just  like  a  mixture  of  air  and  inflammable  gas.  If 
the  stones  of  a  flour-mill  are  placed  too  close  together,  they  occasionally  strike,  pro- 
ducing sparks,  which  ignite  a  small  portion  of  the  cloud  of  fine  particles  surrounding 
the  apparatus,  the  motion  of  the  elevator  promoting  the  combustion  by  creating  a 
current  of  air.  The  combustion,  thus  favoured,  passes  instantly  through  the  whole 
room,  and  an  explosion  follows. 

b.  Flour  and  bran,  intimately  mixed  p\B  off  at  450^  C,  a  gas  which,  when 
mixed  with  9  vols,  of  air,  forms  an  explosive  mixture  easily  ignited  by  a  spark  from 
the  stones  of  the  mill.    (See  Dingl.  pol,  J.  ccvi.  417  ;  Chem.  8oo.  Jour.  1873,  420.) 

Explosuma  in  Hydrogen  Generators, — These  explosions  may  be  prevented  by 
attaching  to  the  exit-end  of  the  apparatus,  and  therefore  after  the  wash-bottle,  a 
small  tube  containing  discs  of  wire-gauze  pressed  between  cctton-wool  (Fresenius, 
Zeitschr.  and.  Chem.  1873,  73). 

BXT&ACT8.  A  method  for  the  preparation  of  extracts  without  heat  is  described 
by  A.  Herrera  {Pharm,  J.  TVana.  [3],  viu.  283).  He  finds  that  on  congealing  the 
solutions  of  vegetable  juices,  and  in  general  of  aqueous  solutions  of  organic  principles, 
the  dissolved  principles  remain  in  the  mother-liquors,  and  that  two  or  three  congelations 
are  generally  sufficient  to  produce  a  solution  concentrated  enough  to  allow  of  the 
extracts  being  finished  either  by  exposure  to  the  sun,  or  in  the  drying-closet.  The 
congelation  is  performed  in  a  freezing-machine  (sorbeti^e),  with  a  freezing-mixture 
of  ice  and  either  sodic  or  calcic  chloride.  After  a  large  portion  of  the  solution  has 
congealed,  the  ice-mass  is  pressed,  and  the  mother-liquor  congealed  a  sufficient 
number  of  times,  just  short  of  the  precipitation  of  any  sparingly  soluble  principles. 
Extracts  so  prepared  are  said  to  represent  accurately  the  properties  of  the  plants,  which 
is  not  always  the  case  with  those  which  are  obtained  by  heat-concentration.  Conium 
extract,  for  example,  when  thus  prepared,  has  the  characteristic  odour  of  conine,  and 
when  dissolved  in  water  resembles  tne  juice  of  the  plant  in  appearance  and  properties, 
its  albumin  being  unaltered. 

On  the  quantities  of  Extract  obtainable  from  various  Vegetable  Substances,  see 
Dmlwoitt  (Arch.  Phcarm.  [3],  vi.  128;  Jahresb.f.  Che^n.  1876,  821). 
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See  Enarqitb  (p.  733). 

On  Fassaite  from  the  lava  of  Santorin,  see  Fouqu6  (  Compt.  raid. 
Ixxx.  631 ;  Chem.  Soc.  Jour.  1875,  624).  On  Pseudomorphs  of  Fassaite  after  MoDti- 
cellito,  see  Q.  vom  Rath  {Jahrb,  Min.  1874,  413 ;  Jahresb.f.  Chem,  1874,  1289). 

FAT.  Fonnaiion  in  the  Animal  Bodv. — Experiments  have  been  made  by  Weiske 
a.  Wildt  {Zeitschr.  f.  Biologic^  x.  1 )  to  determine  whether  the  formation  of  fiit  in 
animals  is  due  to  the  carbohydrates  or  to  the  proteids  of  the  food.  Of  four  male 
pigs  six  weeks  old,  fed  and  treated  in  the  same  manner,  two  were  killed,  and  used  for 
estimation  of  fiit,  nitrogenous  tissue,  and  mineral  substance ;  the  third  was  fed  with 
food  poor  in  albumin,  and  the  fourth  with  food  rich  in  albumin  ;  the  last,  however, 
did  not  long  sustain  this  diet,  and  must  therefore  be  excluded  from  the  resulta  of  the 
experiment.  The  pig  which  was  fed  for  184  days  on  food  poor  in  albumin  (starch, 
bran,  potatoes)  digested  the  non-nitrogenous  substance  (starch)  almost  completely, 
the  proteids  to  the  amount  of  three-fourths,  of  the  fat  only  one-fourth.  At  the  con- 
clusion of  the  feeding  experiment,  the  amount  of  fat,  protoids,  and  mineral  substance 
were  determined  in  the  slaughtered  animaL  The  carcasses  of  the  sucking  pigs  con- 
tained large  quantities  of  water  with  only  small  amounts  of  fat,  whereas,  m  the  pig 
fed  on  potatoes,  this  proportion  was  reversed.  A  comparison  of  the  composition  of 
tho  sucking  pigs,  of  the  pig  fed  as  above,  and  of  the  food  g^ven  to  it,  showed  that, 
with  a  diet  poor  in  albumin,  the  protei'd  substance  was  sufficient  to  account  for  all  the 
flesh  and  fat  produced. 

On  the  preparation  of  EmulMone  of  solid  Fats,  see  Mattison  {Pharm.  J.  Drans,  [3], 
iv.  998). 

On  the  determination  of  the  specific  gravity  of  Fats,  see  G.  W.  Wigner  (Analyst^ 
i.  145 ;  and  C.  Estcourt»  Chem.  I^'ews,  xxxiv.  254). 

On  the  estimation  of  Fat  in  Milk^  see  Milk. 
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Decomjxmtion  of  Fats, — A  method  of  decomposing  fats,  devised  by  J.  C.  Bock  of 
Copenhagen, is  described  by  W.  Lant  Carpenter  (Chem,  Newa^  zxyi.  88).  Bock  found, 
by  microscopical  examination,  that  neatral  fat  consists  of  small  spherules  surrounded 
by  albuminous  envelopes,  the  removal  of  which  is  the  first  step  in  the  decomposition 
of  the  fat.  This  is  effected  in  Bock's  process  by  leaving  the  fat  for  some  time  in 
contact  with  strong  sulphuric  acid,  and  the  neutral  fat  thus  released  from  its  envelope 
is  in  a  condition  to  be  easily  decomposed  by  boiling  with  water.  The  fatty  acids 
thus  separated  are  brown,  but  ma^  be  bleached  by  the  action  of  oxidising  substances, 
then  washed  with  water,  and  subjected  to  cold  and  warm  pressing.  T^Iow,  treated 
in  this  manner,  yields,  according  to  Bock  {IHngl.  pol.  J.  ccviii.  230},  95  per  cent,  of 
fiitty  adds  and  6*66  per  cent,  of  glycerin,  but  about  2  per  cent,  of  tne  fatty  acids  is 
lost  during  the  oxidation  and  wa^ng. 

On  some  peculiar  modifications  of  Animal  Fats,  resulting  from  the  Fermentation 
and  Digestion  of  the  Neutral  Fats  of  Food  prior  to  and  during  Assimilation,  see 
H.  C.  Bartlett  {Analyst,  i.  175 ;  Chem,  Soc,  Jour.  1877,  ii.  207). 


Black  or  dark  brown  feathers  or  hair,  treated  successively  with 
alcoholic  ammonia  and  with  dilute  sulphuric  acid,  yield  a  black  residue,  containing, 
according  to  the  mean  of  ten  analyses  of  feathers  from  several  species  of  Corvus,  55*4 
per  cent,  carbon,  4*25  hydrogen,  and  8*5  nitrogen,  a  composition  which  may  be  repre- 
sented by  the  empirical  formula  CH'NO^.  This  black  pigment  is  not  altered  by  dilute 
adds  or  alkalis,  but  is  oxidised  by  nitric  add.  Bromine  acts  upon  it,  forming  several 
compounds,  one  of  which  is  soluble  in  water,  and  gives  a  characteristic  absorption- 
spectrum.  The  solutions  obtained  by  treating  the  feathers  with  dilute  sulphuric 
acid  also  gives  very  dedded  absorption-spectra.  The  feathers  of  the  common  rook 
contain  about  1  per  cent,  of  the  black  pigment  (Hodgkinson  a.  Sorby,  Pharm,  J.  Tratis, 
[3],  vii.  432-;  (Asm,  8oe,  Jour,  1877, 1.  426). 

On  the  Dyeing  of  Feathers,  see  I>mffl.  pol.  J.  ccviii.  318 ;  ccxi.  1069 ;  Chem.  8oe, 
Jour,  1873,  1069;  1874,  1193;  also  Chem,  Cenir,  1872,  743;  Chem,  Soc,  Jour,  1873, 
423. 


riFB  COFFBB-BO&UTZOVa  According  to  Boivin  a.  Loiseau 
{Compt,  rend,  Ixxix.  1263),  this  solution,  when  diluted  wiui  distilled  water,  deposits 
enpric  oxide  on  boiling,  and  becomes  more  or  less  decolorised,  but  the  decoloration 
does  not  take  place  when  the  liquid  is  diluted  with  river  (Seine)  water,  the  salts  in 
which  appear  to  prevent  the  decomposition  which  is  produced  b^  the  action  of  the 
water  alone.  G.  Missaghi  (Gaze.  ehim.  ital,  1875,  414)  thinks  it  preferable  to  add 
to  the  liquid  a  few  drops  of  a  solution  of  tartaric  add  or  Rochelle  salt. 

According  to  P.  Liuprange  (Compt.  rend.  Ixxix.  1005X  ^  ^®^  stable  solution,  not 
reduced  either  by  boiling  or  by  addition  of  cane-sugar,  is  obtained  by  dissolving 
10  pts.  of  pure  cupric  tartrate  in  500  pts.  of  distilled  water  and  400  pts.  of  caustic 
soda,  and  keeping  the  solution  at  the  boiling  heat  fo»  twenty-four  hours,  renewing 
the  water  as  it  evaporates.  The  cupric  tartrate  is  prepared  either  by  decomposing 
cupric  sulphate  with  neutral  sodic  tartrate,  or  by  dissolving  recently  precipitatcKl  and 
well-washed  cupric  hydroxide  in  the  requisite  quantity  of  sodium  tartrate.  Missaghi 
observes  that  in  whatever  wa^  the  solution  may  be  prepared,  the  only  way  of  preserv- 
ing it  unaltered  is  to  endose  it  in  sealed  tubes  and  keep  it  in  the  dark. 


Analyses  of  the  Felsite-rocks  of  Queensland  have  been  made  by  B. 
Daintree  (Geol.  Soo.  Qu.  J.  xxviii.  271  ;  Jahresb,/.  Chem.  1873,  1215,  1216). 

Microscopical  examinations  of  Saxon  Felsites  and  Pitchstones  have  been  published 
by  R  Kalkowsky  (Jakrb.f,  Min.  1874,  646). 

TBUiFAX.  Artificial  Formation, — Hautefeuille  (Compt,  rend,  Ixxxv.  1043) 
has  lately  succeeded  in  producing  crystals  of  orthodase  and  albite  by  heating  the 
elements  of  these  minerals  in  presence  of  certain  fused  salts,  such  as  tungstic  acid  or 
alkaline  tungstates :  thus  a  mixture  of  silica  and  alumina  in  presenca  of  acid  potas- 
sium tungstate,  at  a  temperature  between  900^  and  1000®,  pxt)duces  tridymite,  ortho- 
dase, and  tridlnic  felspars.  If  the  potash  and  alumina  are  m  the  proper  proportions, 
the  tridymite  and  tridinic  fdspars  disappear  after  15  to  20  days'  heating,  and  the 
orthodase  alone  remains.  A  highly  alkaline  silicoaluminate  of  potassium  containing 
1  mol.  AXHy*  to  6  mols.  SiO*  mixed  with  tungstic  add  gives  the  same  result.  When 
soda  is  substituted  for  potash,  other  conditions  remaining  the  same,  albite  is  formed. 
The  analyses  of  these  products  give  the  proportions  of  oxygen  contained  in  the  alkali 
(K  or  Na),  in  the  alumina  and  in  the  dhca  as  1  :  8  :  12,  these  being  the  proportions 
characterising  orthodase,  microdine,  and  albite.  The  artificial  crystals,  like  the 
natural  ones,  are  not  attacked  by  adds.  The  crystallographic  examination  of  the 
artificial  albite  shows  that  it  almost  exactly  resembles  the  natural  crystals  from 
Dauphin^  and  TyroL    The  crystals  having  the  composition  of  orthodase  appear 

3rd  :^,  %  D 
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to  be  analogous  to  those  found  in  the  St  Gothard.    The  specific  graritiea  of  the 
crystals  of  these  minerals,  natural  and  artificial,  arc  as  follows  : 

Nfttona  ArtifldBl 

Oithodase 2*4-2-62  2*65 

Albite 2'59-2'66  2-61 

Crystals  of  orthodase  have  been  found  accidentally  produced  in  the  upper  parts 
of  copper-smelting  furnaces  at  Sangershausen  in  the  Mansfeld,  and  at  Stolberg  in  the 
Harz. 

Monoolinio  Velspars.  G. Bischof  (Z>tii^/.  poi.  J.  cczvii.  319)  hasanalysed 
a  number  of  felspars  of  the  orthoclase  type  from  a  newly  discovered  stratum  in  the 
gneiss  of  the  Odenwald.  In  the  following  table  the  felspars  are  arranged  in  the  order 
of  their  ftisibility,  which  is  the  same  as  that  of  their  acidity,  the  most  fusible  and 
most  acid  being  placed  first : 


LOIBOII 

S10« 

A1«0» 

?<«)• 

OaO 

MgO 

K"0 

ya"0 

ignition 

67*92 

18-90 

1-28 

202 

0-39 

1-87 

6*93 

0-61    « 

99-92 

66-64 

18-04 

0-88 

0-81 

— 

10-66 

0-49 

B 

100*01 

64-44 

1876 

0-66 

0-27 

13-82 

2-40 

» 

100*33 

64  40 

1801 

0-67 

0-24 

— 

13-76 

2-17 

a 

10016 

64-26 

17-79 

1-73 

0-28 

— 

14-44 

1-77 

e 

100*22 

Bischof  also  gives  formulae  for  calculating  the  relative  fusibility  from  the  chemical 
composition ;  see  Chem.  Soc.  J,  1876,  i.  627  ;  1877,  i.  446. 

The  Sodium  Felspar  of  Pantellaria  (H.  Forstner,  Jakrb.f.  Mm.  1877, 942). 
The  greater  part  of  the  trachytic  rocks  of  the  island  of  Pantellariu  are  characterised 
by  the  presence  of  an  unusually  large  amount  of  soda,  pointing  to  the  presence  of  a 
sodium  felspar.  Two  varieties  of  this  sodium  felspar  occur,  differing  ftom  each  other 
ciystallographically  and  chemically ;  they  are — 

a.  Sodium  Felspar  from  Cuddia  Mida, — This  is  found  in  the  vitreous  lava  of  the 
crater  of  Cuddia  Mida  in  tabular  crystals  (through  ooSao  ),  exhibiting  the  usual  twin 
forms  peculiar  to  orthoclase.    Sp.  gr.  2*66. 

8iO"  Fe*CP  A1*CP  CaO  MgO         Na*0  KH) 

66-63        0-72         19*76        0  38        030        7*31         4*86   «   9996 

/3.  Sodium  Felspar  from  Monte  GibeU. — Occurs  in  an  andesitic  rock  in  long  pris- 
matic crystals,  the  tabular  type  through  ooSoo  being  rare.    Sp.  gr.  2*61. 
SiO*  Fo»0»  A1*0*  CaO  MgO  Na"0         KH) 

63*41         3-27        20*32        2*76        0'30        7'42        2*63   »>   10001 

The  two  minerals  differ  but  slightly  in  composition,  that  from  Cuddia  Mida  having, 
however,  a  higher  percentage  of  soda.  The  analytical  results  may  be  represented, 
according  to  Forstner,*  by  the  following  formulae : 

J  6Na«Al«8i«'0"  )  Na«Al«Si«0»« 

}  2K«Al«Si«0>«  J  K«Al«Si«0»« 

These  minerals  are  therefore  monoclinic  felspars  having  the  oompotition  of  albite, 
and  containing  only  a  secondary  amount  of  the  isomorphous  potassium  compound. 
The  existence  of  such  orthodases  is  a  proof  of  the  dimorphism  of  the  compound 
Na'Al'Si'O",  whilst  the  dimorphism  of  the  corresponding  potassium  compound  has 
been  proved  by  the  discovery  of  microcline  by  Descloizeaux  (p.  776).  Gxoth  observed 
that  Uie  dimorphous  modifications  of  potash  felspar  (potash-orthodase  and  microcline) 
exhibit  an  extraordinary  doseness  in  their  angular  measurements,  and  it  now  appears, 
from  F6r8tner*s  examinations  of  the  sodium-felspars  of  Pantellaria,  that  a  similar 
coincidence  is  observed  in  their  angular  measurements  with  those  of  the  other  dimor- 
phous modifications  of  albite. 

Trlolinlo  felspars.  Desdoizeaux  {Compt.  rend,  Ixxx.  364  ;  Jakrb.f.  Mim. 
1876,  280  and  396)  describes  a  number  of  observations  on  the  optical  characters  of 
the  four  principal  species  of  triclinic  felspar,  albite,  oligoclase,  labradorite,  and 
anorthite,  from  which  he  infers  that  oligoclase  and  labradorite  are  really  distinct 
mineral  s|>ecies,  and  not,  as  supposed  by  Tschermak  and  vom  Rath,  isomorphous 
mixtures  of  albite  and  anorthite  {2nd  Suppl.  610).  Alhite  and  oliffodase  are  oistin- 
guished  from  one  another  by  the  position  of  the  planes  of  their  optic  axes.  Labra- 
dorite exhibits  constant  optical  characters,  and  is  distinguished  by  a  strong  dispersion, 
f>  >  y,  round  the  positive  bisectrix,  and  cannot  therefore  be  regarded  hs  a  mixture  of 

•  The  fonnnla  fiy  however,  requires  a  greater  percentage  of  potash  than  of  soda,  whereas  tfat 
analysis  gires  loss. 
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albite,  which  has  a  pofitive  bisectrix  and  dispersion  p<¥t  and  anorthite,  which  has  a 
similar  dispersion  and  a  negative  bisectrix.  Senarmont's  obseirations  on  the  two 
varieties  of  Bochelle  salt  have  shown  indeed  that  the  optical  properties  of  a  mixed 
salt  are  variable,  and  approach  most  nearly  to  those  of  the  predominating  constituent. 
OUaodase  appears  also  to  be  a  distinct  species,  the  orientation,  both  of  its  positive 
and  of  its  negative  bisectrix,  being  constant  in  all  cases.  Andetin  appears,  firom  the 
examination  of  somewhat  imperfect  specimens,  to  exhibit  the  same  optical  properties 
aaoligodase. 

With  regard  to  the  chemical  constitution  of  these  felspars,  Descloizeaux  draws 
attention  to  the  view  suggested  by  Friedel  and  other  cnemists,  that  the  several 
species  of  tridinic  felspar  differ  from  one  another  only  in  their  proportions  of  silica, 
farming  in  fact  a  series  whose  common  difference  is  ISiC,  thus : — Anorthite  +  SiO'» 
Labradorite ;  Labradorite  +  SiO* »  Andesin ;  Andesin  +  SiO'  b  Oligodase  (which  will 
accordingly  exhibit  the  oxygen-ratio  1:3:  10,  agreeing  with  many  anal^rses) ;  and, 
finally,  Obffodase  +  SiO' »  Albite.  Descloizeaux  considers  that  the  composition  of  the 
triclinic  felspars  may  be  equally  well  represented  either  by  this  view  or  by  the 
mixture-theory  of  Tschermak,  but  that  the  former  accords  best  with  the  optical  and 
crystallographic  characters  of  the  several  species. 

Petersen  {Jahtb.f,  Min,  1874,  269)  also  regards  andesin,  oligoclase,  and  labradorite 
as  distinct  mineral  species,  and  not  as  mixtures  of  albite  and  anorthite.  He  represents 
the  known  species  of  felspar  by  the  following  formulse : 


OrikocUue,  RAl«Si«0'«[R=K«]. 
Hyalophane,  RAl'Si^QxCB-E'+Ba]. 


AUnU,  RAl«i«0»«[R-Na^. 
Oligodase,  RAl«8i»0"[B=Na«,  K«,  Ca]. 
Andesin,  RAl«Si«0'»rR  -  Na^  +  Cal. 
Labradorite,  RAl«Si«0"[R-Ca,  Na«]. 


Vom  Rath,  on  the  other  hand,  is  of  opinion  that  the  chemical  constitution  of  the 
triclinic  felspars  is  most  satis&ctorily  represented  by  the  mixture-theory.  In  support 
of  this  view  ne  adduces  some  analyses  which  he  has  recently  made  of  plagioclases 
from  volcanic  rocks,  selected  with  groat  care  with  regard  to  their  purity.  The  results 
are  g^ven  in  the  following  table,  the  last  column  of  which  shows  the  proportion  of 
albite  and  anorthite  molecules,  which  in  isomorphous  mixture  would  produce  a  felspar 
having  a  composition  similar  to  that  determmed  by  the  analysis.  The  calculated 
composition  of  such  a  mixture  is  shown  by  the  black  figures  below. 


Antisana.      Flagioclase   crystal 
from  a  spherolithie  lava . 

Perlenhardt     in    Transylvania, 
from  Drachenfels-trachyte 

Conejos,  Rio  Grande,  Colorado, 
from  obsidian-like  andesite 

Toluca,  Mexico,  from  andesite   . 

Tunguragua,  Ecuador,  from  an- 
desite    ..... 


Palma,    Canary    Islands,    from 
hauyn-trachyte       .        . 


sniaa 


Alnmiiia    Lime 


64-27 
64-12 

6218 
61-91 

61-88 

69-79 
69-78 

67-8 
6800 


22-30 
22-62 

23-52 
24-11 

2418 

24-48 


812 
8-62 

5-33 
6*22 

4-79 

7*41 


26  69  6*97 


26-76 
26-76 


9-06 
888 


66-64;  28-89.10-92 
66*48  284910-96 


Potash 

Sods 

211 

7-30 

9*74 

8-97* 
8*78 

2-60 

6-96 

0-64 

7-24 

7-71 

— 

604» 
6*92 

0-71 

i 

6*09 
6*78 

Molecnlcfl  of 
albite  and 
anorthite 


6  +  2. 


3  +  2 


f* 


l  +  U 


8  +  4 


1+2 


O 


2? 

5 


Considering  now  that  these  plagioclases  were  not  freely  developed  in  drusy 
cavities,  but  had  separated  from  the  ground-mass  (sometimes  in  granules  scarcely  a 
millimeter  in  size),  that  consequently  the  crystals  could  not  have  been  perfectly  pure, 
and  takinj?  into  account  the  numerous  difficulties  of  the  analysis,  vom  Rath  regards 
the  preceding  table  as  affording  a  very  satisfactory  confirmation  of  Tschermak's  con- 
clusion, deduced  from  more  than  100  careful  analyses,  that '  the  formation  of  plagio- 
clases by  the  mixture  of  albite  and  anorthite  substance  is  an  established  fact,  and  not 
a  mere  mode  of  explanation.* 

<  Detennined  by  loss. 
3  B  2 
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The  supposition  that  the  difference  of  composition  of  the  plagioclases  is  doe  to  the 
snccessive  addition  of  silica-molecules  takes  no  account  of  the  replacement  of  lime 
and  soda,  which  is  so  intimately  related  to  the  variation  of  the  amoont  of  silica. 
This  fundamental  fact,  the  increase  of  lime  with  decrease  of  silica,  and  the 
increase  of  silica  with  increase  of  soda,  is,  however,  the  very  haaia  of  Tschermak'f 
theory. 

Vom  Bath  likewise  discusses  other  objections  which  have  been  raised  againit 
Tschermak*s  theory.  (1.)  To  a  suggestion  of  Descloizeaux,  that  the  deviations  from  a 
simple  ratio  of  the  ox^^n  in  the  silica  to  that  in  the  bases  may  be  attributed  to 
foreign  minerals  enclosed  in  the  felspar  crystals,  he  replies  that  it  may  be  asked  why 
the  proportion  of  (CaO  +  NaK)) :  A1<0*»1  .*  8  is  not  likewise  disturbed  by  the 
presence  of  such  imbedded  minerals.  In  this  case  also  the  theoiy  of  Tschermak 
affords  the  real  solution  of  the  difficulty.  (2.)  The  view  formerly  entertained  by  Ch. 
Deville  and  others,  that  andesin  is  merely  an  altered  oligodase,  is  refuted  by  numerous 
analyses  of  well-defined  specimens  of  andesin  from  various  localities.  (3.)  Fooqui 
has  suggested  that  the  constancy  of  the  ratio  1  :  3  of  (NaH)  +  CaO)  to  Al*&  in  the 
plagioclases  may  be  attributed  to  the  fact  that  man^  of  the  analyses  of  supposed 
pure  material  have  really  been  made  on  mixtures  of  tnclinic  felspars,  existing  together 
in  the  same  rock  in  microscopic  crystals,  and  very  difficult  to  separate.  To  this  vom 
Bath  replies,  that  though  such  mixtures  may  often  exist,  such  was  not  the  case  with 
the  plagiocloses  above  considered — the  analyses  of  which  were  made  on  microscopie 
crystals  of  uniform  aspect  throughout — or  on  the  splendid  crystals  obtained  from 
Vesuvius. 

On  the  Optical  Characters  of  Orthoclase  and  of  Tridinic  Felspars,  see  Des- 
cloizeaux  {Covipt.  rend.  Ixxxii.  1017 ;  Chem,  Soc.  J,  1876,  ii.  611). 

On  Twin-formation  in  Tridinic  Felspars,  see  G.  vom  Bath  {jahrb,  f.  Min,  1876, 
689:  Jakreab.f.  Chem.  1876,  1236). 

On  the  Constitution  of  Tridinic  Felspars,  see  further  Petersen  {Jakrb,  f.  Mi*, 
1874,  269;  Chem,  Soc.  J,  1874,  877). 

Vom  Bath  has  also  published  the  following  analyses  of  felspars  from  various 
localities  (Zeitschr.  geol.  Gee.  xxvii.  295  ;  Jahrb.f.  Min.  1874,  310 ;  Foag.  Ann.  dii.  39). 

1.  Felspar  from  the  augitic  syenite  of  the  Piano  del  Monsoni.  The  analysis  leads 
to  the  formula  Or*Ab*An\*  2.  Orthoclase  rich  in  sodium  from  the  augitic  syenite  of 
the  Pyrenees.  3.  Felspar,  An"An*Ab*,  from  the  augitic  Uibrador-rock  of  the  Piano 
del  Monzoni.  4.  Felspar,  from  the  diabase  of  Monte  Monzoni.  The  analysis  is 
referred  to  the  formula  An'Ab*,  and  the  differences  are  attributed  to  the  numerous 
microscopic  crystals  enclosed  in  the  felspar.  6.  Labradorite,  An'Ab*,  from  thegabbro 
of  Monte  Monzoni*  6.  Light,  flesh-coloured,  somewhat  decomposed  anorthite,  from 
the  same  locality  on  Monte  Monzoni,  from  which  are  derived  monticellite  {o.v.)  and 
its  pseudomorphoses.  7-  White,  much  decomposed  anorthite  from  the  same  locality. 
8.  A  labradorite,  an  analysis  of  which  has  been  already  given  {2nd  SnppL  612, 
analysis  g  in  table),  but  occurring,  not  in  porphyrite  as  formerly  stated,  but  in 
basalt. 

Nos.  9  to  12  are  analyses  of  tridinic  felspars  from  rocks  collected  bv  Wolf  in 
Ecuador.  9  is  from  a  quartz-Audesite  from  the  volcano  of  Mojanda  or  Yana-Urcu, 
between  Perucho  and  Pudlaro.  In  a  light-reddish  ground-mass  are  endoaed  quartx, 
a  small  quantity  of  mica,  and  magnetic  iron  oxide,  together  with  orstals  of  tridinic 
felspar  measuring  5  mm.  10.  From  the  crater  of  Pulnlagua.  The  reddish  rock 
contains  a  small  quantity  of  mica,  together  with  tridinic  felspar  crystals  measuring 
from  2  to  3  mm.:  the  cavities  appear  to  contain  tridymite.  11.  From  Guagua- 
Pichincha.  The  obsidian-like  rock  encloses  small  tridinic  felspars,  hornblende^ 
olivine  (?),  augite,  mica,  and  a  large  quantity  of  magnetic  iron  oxide.  12.  Thu 
felspar  has  the  composition  of  a  nonnal  andesin,  to  which  the  three  preceding  felspars 
may  also  be  referr^.  13  is  a  labradorite,  An'Ab^  from  the  homeblende-andesite  of 
Pomasqui,  near  Quito. 

*  Or.  =  orthoclaM;  Ab.  s  albitc;  An.  m  anorthite. 
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SiO« 

A1»0» 

FeO 

HgO 

CkO 

K«0 

Na"0       Total  (') 

Lorn  by 
ignition 

Sp.gr. 

1.  63*45 

19-81 

— 

— 

1*51 

12-34 

2-47   =   09*68 

0-57 

2536 

2.  64  86 

18-78 

— 

— 

9-23 

6*37   -  98-24 

004 

2-649 

3.  51-81 

3055 

— 

010 

1208 

2*63 

2-86   «   99-82 

0*66 

2-707 

4.  55*83 

27*57 

1-29 

— 

703 

3-56 

409   «   99-37 

1*36 

2-C90 

6.  65-51 

28*99 

— 

9*41 

2*51 

4*48   » 100-90 

0-49 

2-868 

6.  4118 

35*55 

— 

— 

19*65 

— 

iindet.  -»  99*16 

2*77 

.~- 

7.  4017 

33*51 

— 

21*56 

-i- 

undet.  =   99-90 

4-66 

8.  55*24 

28*32 

— 

10*63 

— 

6-81(«)  =  100 

0-65 

2-711 

9.  60*48 

25*35 

— 

— 

7*25 

008 

7*28     - 100-44 

0-04 

2*666 

10.  59-39 

2608 

— 

— 

8*20 

0*22 

6*7'k     -100-63 

0*12 

2-669 

11.  59  1 

26*1 

— 

— 

8*8 

0*5 

5-5       - 100 

1*01 

2-620 

12.  59*73 

25*59 

— 

— 

6*97 

— 

7*71     =100 

— 

13.  55*86 

28*10 

— 

— 

10*95 

— 

5*09(«)-il00 

Oil 

2-644 

C)  Tot  Not.  1-6  and  8-18  the  totals  are  reckoned  excIosiTely,  for  No6.  6  and  7  inclusively  of  the 
loss  by  Ignition. 

(*a.*)  Determined  Iqr  diilerence. 

Albite.  Crystals  of  albite  from  the  Schneeberg  near  Passeir,  are  described  by 
J.  Bnmpf  (i/iatM./.  -3ftn.  1874,  865).  They  are  implanted  on  magnetic  pyrites,  have 
a  light  to  dark  olive-green  oolonr,  and  all  agree  in  having  the  process  of  the  brachy- 
pinaooid  and  of  the  macrodome  very  largely  developed.  The  simplest  combination 
18  00  ^  QD  .  00  ^^  00  .  OP ;  another,  of  frequent  occurrence  is  oo  1^  oo  .  ^^^  oo  .  OP  .  oo  T. 
Optical  examination  shows  that  the  crystals  are  free  from  twin*  formation.  Sp.  gr. 
—  2*61.    Analysis  (1)  bebw. 

Anafyaea.  (2).  Albite  from  Erageroe  (vom  Bath,  Jakrb,/,  Min.  1876,  689).  (3). 
Decomposed  soda-felspar  from  Bare-hills,  Maryland  (Leeds,  Amer,  Chemiat,  1873,  iv. 
164).  (4).  Albite  from  Media,  Delaware  County,  Pennsylvania,  with  delicate  striation 
and  moonstone  shimmer  on  the  cleavage-&ces  (Leeds,  SUl,  Am.  J.  [31,  vi.  26).  (5). 
A  vecv  large  crystal  (4*5  centimeters  by  3*5  and  1*5)  from  Guatemala ;  exhibiting, 
acooroing  to  a  closely  approximate  measurement,  the  new  prismatic  face  oo  ^J  (A  v. 
Lasaulx,  Jahrb.f,  Min.  1875,  147).  (6  and  7).  Perthite-like  aggregations  between 
albite  and  orthoclase  from  veins  in  the  granulite  field  of  Saxony  (Credner,  ZeiUckr, 
ffeol.  Ge$.  xxvii.  104).  Analysis  by  Schwarz:  (6).  Bochsbuzg,  from  a  pegmatite  vein. 
(7).  Buigstadt,  from  a  granite  vein. 

Loaa  by 
8iO"  AlH)*       Fe^)*       OaO  ICgO  NaH)  K*Oi    ignition 

66*13         20*93       2*24      0*64  —  11*10  —         —     -     101*04 

66*30        20*90        —       0*35  —  1210  —       0*36     «     100 

66*86        20*30        —       1*41         0*23        10*57  —       0*77     =    10014 

67*70        19*98      trace      1*47        0*11  8-86  1*36      008    «      99  66 

68*79         19*34        —         —  _  9*26      ,     2*29       0*32     =     100 

64*65        19*63        —       0*30       trace         205        1416        —     -     10078 
(7.)     66*88         19*61         —       0*44  —  4*00  9*96        —     -    10088 

In  No.  6,  the  ratio  of  orthoclase  to  albite  is  56  :  13 ;  in  No  8,  it  is  27  :  17. 

AnAostn.  This  felspar  is  found,  accompanying  corundum  (p.  869)  in  the 
Cullukanee  mine,  North  Carolina.  ^  (1)*  Snow-white  or  bluish-white,  striated ;  dis- 
tinctly deavable ;  occurs  mixed  with  hornblende,  but  tree  frt)m  corundum.  Sp.  gr. 
a  2*611.  Analysed  by  Eonig.  (2).  Fine  grained ;  probably  formed  from  corundum. 
Sp.  gr.  B 2*610.    Analysed  by  Chatard  (F.  A.  Genth,  J.jpr.  Chem.  [2],  ix.  49). 

The  two  fbUowing  felspars,  analysed  by  Petersen  {Jahrb.f.  Min,  1874,  269),  also 
agree  with  tiie  formula  of  andesin.  (3).  Tridinic  f^par  from  the  coarse-grained 
doleirite  of  the  Frauenberg,  near  Heubach  in  the  Rhon.  The  analysis  of  transparent 
crystals,  with  distinct  parallel  striation  and  sp.  gr.  =2*696,  ^ve  the  following 
results :  a.  Direct  result  of  analysis ;  6.  After  deduction  of  titanic  acid,  ferric  oxide 
and  magnesia,  0*20  per  cent,  lime  and  0*40  per  cent,  silica,  which  may  be  approxi- 
mately attributed  to  small  quantities  of  adhering  titanic  iron  and  augite.  (4). 
Tabular  composite  crystals,  several  centimeters  long,  of  tridinio  felspar  (formerly 
mistaken  for  sanidin)  occurring  in  the  basalt  of  the  Steinbuhl,  near  Weuburg ;  trans- 
parent, colourless,  with  vitreous  lustre  and  oonchoidal  fracture.    Sp.  gr.  s  2*694. 

Looslqr 


RiO« 

TIO" 

A1«0» 

IVO» 

MgO 

CaO 

Na"0 

K«0 

ignition 

1. 

57*29 

26*52 

0*21 

0*15 

7*80 

6«76 

0*33 

1*43   - 

100*48 

2. 

58*41 

__ 

25*93 

0*38 

0*18 

6-82 

6*45 

2-10 

0*93   =- 

100*20 

8  a. 

58*77 

0*28 

25*30 

0*81 

0*18 

6*90 

6*67 

0-60 

trace  » 

9901 

b. 

59*79 

_— 

25*91 

— 

— 

6-86 

6*83 

0*61 

a 

100 

4. 

58*88 

— . 

26*94 

tlfiCO 

7-96 

6*01 

0*68 

s 

100*47 

For  other  analyses  of  Andesin,  see  table  at  the  top  ol  Oo^  P^*^* 
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011flroolaB«f  occurs  at  Unionville,  PennsylTania,  in  yellowish  and  brownish-white 

granules,  encloeing  corundum  and  another  mineral,  probably  spinel.      It  seldom 

exhibits  distinct  cleavage,  but  when  it  does,  the  deavage-'faces  are  striated  (Genth, 

J.  pr.  Chem.  [2],  ix.  49). 

Loss  on 
810"  A1«0»         Fe'O"         MgO  CaO  Na"0  K«0       Ignition 

59-35        2416        O^dl        0*34        3  08        7*22        3  78        1*96    »    100-50 
For  other  analyses  of  Oligoclase,  see  table  (p.  771). 

Tsobermaklte.  This  name  is  given  by  v.  Kobell  (J,  pr.  Chem.  [2^  Till.  411), 
to  a  tridinic  felspar,  occurring  at  Bamle  in  Norway,  associated  with  Kjernlfin.  It 
is  massive,  deavable  in  two  directions  inclined  at  94®,  and  exhibits  fine  striations  on 
the  more  distinct  deavage-fiice.  Lustre  vitreous.  Colour  ^yish-white.  Semi- 
transparent.  Exhibits  white  phosphorescence  when  heated.  Fuses  to  a  translucent 
glass.  Unattacked  by  acids  until  boiled,  and  then  but  slightly.  Gives  off  a  little 
moisture  when  heated.    Hardness  =  6.    Sp.  gr.  =^  2*64.    Analysis  gave  — 

aO"  A1*CP  MgO  Na»0  H"0 

66*57  15-80  800  6*80  2-70  =^  99*87 

According  to  this  analysis  the  magnesia  appears  to  be  an  essential  constitaent. 
On  the  other  hand,  G.  W.  Hawes  {SUL  Am,  J.  [2],  vii.  479)  has  analysed  t^e  same 
mineral,  and  finds  in  it  only  a  small  amount  of  magnesia.    His  analysis, 

Los  on 
SiO*  A1"0»         Fto"0»         MgO  OaO  NaH)  K"0        Ignition 

6604         20-33        0-20         I'll         129         1001         0*21         0*95   =   10023 

gives  the  oxygen-ratio  RO  :  B'O' :  SiO'sl  :  2*8  :  10,  which  is  approximately  that 
of  oligoclase  (1:3:  9). 

Aabimdorite.  A  mineral  from  a  Ghreenland  rock,  analysed  by  Janovsky  (Deui, 
Chem.  Get.  Ber.  1873,  146),  was  found  to  contain 

Loss  by 
810»  A1"0»  Fe*0«  CaO  MgO  Na"0  K"0       ignition 

57-63         24-32         3'92        7*65        068         2*41         403         0-12   »    100*76 

This  gives  the  oxygen- ratio  RO  :  RH)*  :  SiO>»  1:3:7,  which  is  that  of  lahradorit«; 
but  the  ratio  of  K  :  Na  is  2  :  1,  whereas  in  labradorite  it  is  1  :  1. 

Labradorite  from  the  rock  called  Ltenite  {q.v.)  has  been  analysed  by  G.  Bertels 
(Jahresb.  f.  Chem,  1874,  1253)  with  the  following  results :  A.  Analysis.  B.  Caka- 
lated  values  for  albite  :  anorthite  =  1:4. 

Si«0*  Al*0*  FeH)»  CaO  MgO  Na"0 

A.  53*51  29*37  trace  12*78  154  3*10  ^   100*80 

B.  51-2  31-3  —  13-6  —  3*7     =   99*8 

On  the  other  hand,  the  sp.  gr.  of  the  mineral,  which  is  2-668  at  4^,  indicates  rather 
the  proportion  albite  :  amoithite  =2:1. 

With  regard  to  this  analysis,  Tschermak  remarks  (Jakrb.f.  Min,  1875,  313 ;  Mm. 
MUtheUungen^  1875,  41)  that  the  ciystalline  forms  of  the  plagiodases  imbedded  in 
trachytes  and  andesites  can  seldom  be  made  out  in  the  fresh  rock,  on  account  of  their 
intimate  union  with  the  ground-mass,  but  that  the  pseudomorphs  produced  by 
weathering  may  often  be  easily  separated  and  used  for  studying  the  forms.  He  has 
applied  such  pseudomorphous  sul^tances  to  the  investigation  of  the  forms  of  the 
labradorite  of  Verespatak  in  Transylvania.  The  microscopical  examination  of  these 
pseudomorphs  showed  the  presence  of  a  mineral  in  their  scales  and  laminae  resembling 
kaolin,  but  not  identical  with  it,  also  potash-mica  in  considerable  quantity,  a  smaller 
quantity  of  plagioclase  (undecompoeed  labradorite),  quarts,  a  mineral  occurring  in 
veins  which  proved  to  be  pennine,  and  finally  brown  iron  ore. 

The  following  is  an  analysis  (A)  by  L.  Sipocz,  of  the  pseudomori^oiis  mass  com- 
pared with  that  of  the  unaltered  labradorite  (B). 

SIO*  A1"0»         FfiH)»  CaO  MgO         Na"0  KH)  BTO 

A.  55-96         31-34         116  0*65         1*73        018        496        5*41    »    101*39 

B.  55-21         28-56         100         1076        0-53        4-37  —  —     =   100*48 

Supposing  the  potash-mica  to  have  the  formula  2EH).3AlK)'.6SiO'.2H'0,  the 
composition  of  the  aluminium  silicate  will  be  Al*0*.4SiO*  +  H'O,  which  is  that  of 
pjrrophyllite,  and  the  mixture  will  consist  of  44*76  per  cent,  pyrophyllite,  42'24 
potash-mica,  4*51  pennine,  4*77  undecomposed  labradorite,  3-12  quartz,  and  1*35 
brown  iron  ore. 

A  plagioclase,  occurring  in  an  andesite-lava  from  a  great  lava-stream  between 
Ripbamba  and  the  Tunguragua  in  Ecuador,  has  been  analysed  by  G.  vom  Rath  {Pogg. 
Ann.  Erganzungsband,  vi.  378).    The  felspar  ciystals,  4  mm.  long  and  1  *»«»,  thick. 
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are  found  imbedded  in  a  blackish  gronnd-mass,  together  with  hornblende  and  finelj 
divided  magnetic  iron  ozidi*.  Augite  and  olivine  are  altogether  absent.  The  analytical 
numbHTB  (mean  of  two  analyses)  are  given  under  A ;  the  calculated  values,  according 
to  the  formula  An'Ab,  under  B. 


810" 

A1«0- 

Fe«0* 

GaO 

MgO 

K»0 

Na'O 

Sp.  pr. 

66*64 

28*19 

1*02 

9*79 

0*19 

0*63 

6-48    B    100*94 

2*604 

66-43 

28*49 

10*36 

— 

— 

673   =   100 

The  felspar  is  therefore  a  labradorite  contrary  to  the  usual  assumption  that  the 
tridinic  felspar  in  andeeites  consists  of  oligoclase. 

Anorttiltei  CaAl'Si^O".  This  mineral  occurs  as  a  constituent  of  the  oukrite 
of  Hammerfest  in  Norway  (Descloizeaux,  ZeiUehr.  geol.  Get,  xxvii,  466,  965). 

On  Anorthite  from  the  Fesmeda  Alp,  l^rrol,  see  p.  91  of  this  volume. 

Mlerooline.  This  mineral  species,  first  distinguished  by  Breithaupt  (iii.  1014), 
includes  a  number  of  potassium  felspars  poor  in  sodium.  Its  separate  identity  has 
been  confirmed  on  optical  grounds  by  Descloizeaux  {ZHtschr.  aeol.  Gcs.  xxvii.  466, 
966 ;  Ann.  Chinu  Phya.  [61,  ix.  433),  who  refers  to  it  a  number  of  amazon-stones, 
the  red  felspar  of  Arenaai,  several  white  and  green  felspars  from  Greenland,  also 
chesterlite ;  whereas  the  opalescent  felspar  of  Frederiksv&m  (Breithaupt*8  original 
microdine),  and  the  green  felspar  of  Bodenmais  are  orthoclases.  Perthite  is  regarded 
by  Descloizeaux  as  a  mixture  of  difierent  varieties  of  orthodase,  not  of  orthoclase 
and  albite. 

The  purest  microdine  is  that  from  Magnet  Ck)ve,  Arkansajs,  whereas  most  micro- 
dines — indnding  all  the  amazon-stones  and  a  number  of  other  felspars  hitherto 
mistaken  for  orthoclases — are  mixtures  of  microdine  with  orthoclase  and  albite,  the 
admixture  uf  the  latter  often  amounting  to  a  fourth  of  the  entire  mass.  The  charac- 
terisation of  a  felspar  as  microdine  can  be  efifected  only  by  optical  examination,  as 
the  magnitudes  of  the  angles  of  the  crystals  are  deceptively  near  those  of  orthoclase. 
The  colouring  principle  of  amason-stones  is  not  a  copper-compound,  as  it  disappears  on 
heating. 

The  three  following  microclines,  the  sodium  of  which  is  regarded  by  Descloizeaux 
as  entirely  due  to  admixed  albite,  have  been  analysed  by  F.  Pisani :  (1 ).  From  Magnet 
Cove :  purest  microdine.  (3^.  Amazon-stone  from  Mursinsk,  containing  only  a  small 
amount  of  endosed  albite.    (3).  Mineral  Hill,  Pennsylvania :  light  green,  with  broad 

laminae  of  albite : 

Lorn  by 
SiO'  AlH)*         Fe"0*  KK)  Na*0       ignltkm  6p.gr. 

64*30        1970        0*74        16*60        0*48        0*36  »  10M7        2*64 

66*66        20*80         —  13*90        1'66         —     -  101*41         2*676 

6490        20*92        0*28         10*96        8*96        0*20  «  101*20        2*67 

These  analyses  seem  to  indicate  that  the  spedfic  gravity  of  a  microdine  increases 
with  its  proportion  of  soda.  Desdoizeaux,  nowever,  has  shown  by  tiie  examina- 
tion of  numerous  microdines,  that  no  such  relation  exists.  This  may  be  seen  from  the 
following  examples : 

1.  Greenmicrodinefrom  the  Ural.  2.  Bose-colonredfromBroye,D^p.S«i6ne-et-Loire. 
8.  Red  from  ArendaL  4  and  6.  Amazon-stones  from  tiie  Ural.  6.  Green  microdine 
from  the  United  States.    7.  White  from  Brazil.    8.  fiose-coloured  from  Greenland : 

19  84A678 


Amount  of  sodium     .        1*6      2*10      8*26      1*27    1*66      Very  rich  in  NaH) 
Specific  gravity.        .        2*64    2*648    2*643    2*66    2*662    2*66    2*669    267 

y  BE  M  MfTATIoy*  The  theory  of  fermentation  and  the  nature  and  origin  of 
ferments  have  latdy  been  made  the  subset  of  numerous  researches,  but  the  results 
obtained  by  different  experimenters  are  in  many  cases  very  discordant.  According  to 
Brefeld  {iJetiU  Ckm,  Oes,  Ber.  vii.  281),  yeast  requires  for  its  growth  and  propagation 
the  presence  of  free  oxvgen,  and  exdtes  fermentation  when  it  is  exduded  therefrom, 
but  placed  under  conditions  otherwise  favourable  to  its  growth.  Consequently  the 
tmd  oxygen  contained  in  liquids  in  which  yeaat  grows  is  soon  absorbed,  and  then 
fermentation  sets  in.  The  two  phenomena  of  growth  and  propagation  without  fermenta- 
tion, and  fermentation  without  growth  and  propagation,  can  be  easily  separated.  If  all 
oxygen  is  exduded,  yeast,  before  it  dieii,  decomposes  an  enormous  amount  of  sugar, 
and  produces  pure  carbon  dioxide.  In  brewers'  wort  the  two  reactions  proceed 
simultaneously — fermentation  where  no  free  oxygen  exists  in  the  liquid,  and  growth 
of  yeast  where  oxygen  is  present.  A.  Mayer  {ibid,  679)  agrees  in  the  main  with  Brefeld's 
condusions,  but  thinks  that  no  satisfactory  proof  has  been  given  of  tiie  absolute 
inability  of  breathing  and  growing  yeast-cells  to  induce  fermentation.  M.  Traube 
{ilridm  872)  alao  finds  that  fresh  yeast  is  not  produced  in  the  absence  of  free  oxy^n« 
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even  in  fermentable  liquids  vhich  rapidly  develop  jeaat  when  expoited  to  the  «ir. 
Beady-formcd  yeast  can,  however,  grow  in  the  absence  of  firee  oxygen,  but  in  this 
case  the  oxygen  required  for  its  growth  appears  to  be  derived,  not  £ram^  ^^^gUt  hot 
from  albuminoid  substances,  since  unaltered  sugar  was  found  in  the  liquid  after  ths 
yeast  had  ceased  to  grow.  When  oxygen  is  excluded,  yeast  can  indaoe  fermentatioQ 
in  pure  sugar-solutions,  but  in  this  case  the  yeast  does  not  increase.  In  coonectioo 
with  these  results,  Traube  has  further  observed  (UritL  vii.  115)  that  platmmm  black, 
which  has  a  great  tendency  to  promote  oxidation,  acts  upon  sugar  in  aqueous  solutka 
at  160^-160°  in  the  same  manner  as  yeast,  with  evolution  of  carbon  dioxide  and 
formation  of  a  volatile  product  smelling  like  acetic  ether.  Experimenta  leading  t9 
conclusions  opposed  to  Uiose  of  Brefeld  have  been  made  by  J.  Morita  {ibid,  156,  434; 
Chem,  8oc,  Jour.  1874,  599) ;  see  also  F.  Mohr  (Ber.  viL  1421).  Aocotding  to 
Pasteur,  also  (Compt.  rend,  Ixxx.  452),  the  yeast-germs  produced  by  alooholie  fier- 
mentation  can  develop  themselves  in  the  absence  of  free  oxygen,  the  fermentation  under 
these  conditions  going  on  to  its  complete  termination.  He  thinks  that  Brefeld  eumot 
have  worked  with  young  yeast,  and  that  the  yeast  with  which  Traube  eoKperimeoted 
must  have  been  impure. 

On  the  theory  of  Alcoholic  Fermentation,  see  also  H.  Karsten  (Arch.  Pkarm,  [3], 
vii.  56;  Jakresb,/,  Chem,  1875,  892). 

Wartha  (Jkut.  Chem,  Gea,  Ber.  vii.  1421)  finds  that  in  alcoholic  fermentatifRi  tbt 
quantity  of  alcohol  increases  during  the  finst  hours,  while  that  of  sugar  diminishgi^ 
the  temperature  quickly  rising  to  33°,  and  the  cells  of  the  ferment  rapidly  incresiing, 
but  afterwards  diminishing  and  gradually  disappearing.  During  this  time,  the  quantity 
of  alcohol  remains  stationary,  but  at  the  same  time  considerable  quantities  ot  sngtr 
are  used  up  for  the  formation  of  yeast-cells. 

Pasteur  (Compt.  rend.  Ixxviii.  213)  has  prepared  a  fermentable  liquid  bydiMoIviDg 
the  purest  sugar^candy  in  water  with  addition  of  a  little  yeast-ash,  an  amiDOJiinn 
salt  and  a  scarcely  weighable  quantity  of  pure  yeast.  In  this  liquid  a  considenbie 
quantity  of  yenst  was  formed,  which  must  have  derived  its  nitrogen,  phosphoras,  and 
sulphur  from  the  mineral  substances  present^  while  the  sugar  disapp^red  completely 
without  undergoing  any  fermentation  other  than  alcohol.  This  result  shows  that  the 
nutrition  and  vital  processes  of  the  yeast  are  intimately  related  to  the  progress  of  the 
alcoholic  fermentation.  According  to  A.  Tricul  {Compt,  rend.  Ixxviii.  217)»  thii 
experiment  does  not  disprove  either  the  spontaneous  formation  of  yeast,  or  its  eoo- 
version  into  Penicillium. 

Alcoholic  Fermentation  by  Mucor  raeemostu, — This  fungus  grows  in  a  sohitioQ  of 
milk-sugar  without  producing  fermentation  or  inverting  the  sugar ;  but  if  the  sugar 
be  inverted  by  an  acid,  the  fungus  acts  as  ferment.  Muoor  raoemosus  also  does  not 
produce  fermentation  in  a  solution  of  innlin,  but  readily  in  levulose  prepared  ftom  it 

When  Muoor  racemosus  is  added  to  must  containing  various  proportions  of  glucose, 
fermentation  easily  sets  in  at  25?-30^,  but  ceases  as  soon  as  2*5  per  cent,  of  alcohol  is 
formed,  whereas  the  action  of  Mucor  Muoedo  ceases  when  the  liquid  contains  0*5  per 
cent.  (A.  Fitz,  Deui,  Chem,  Gee.  Ber.  ix.  1352). 

Fermentation  of  Glycerin^  Mannite,  Starch,  and  Dextrin^  under  the  i^fuemee  rf 
Schizomycetee  (Fitz,  i^ttf.  ix.  1348 ;  x.  276 ;  xi.  42). — ^Redtenbacher  found  &at  when 
a  mixture  of  glycerin,  water,  and  yeast  ferments,  it  yields  acetic  and  prOTtonic  adds; 
and  Berthelot  obtained  alcohol  by  fermenting  a  solution  of  glycerin  witn  duJk  and 
casein.  Fitz  has  obtained  quite  different  results  by  using  a  mixture  of  2000  water, 
100  glycerin,  1  potassium  phosphate,  0*5  magnesium  sulphate,  2  German  pepsin,  and 
20  chalk,  to  which  a  trace  of  a  schizomyces  (p.  782)  was  added.  At  a  tempentnn 
of  40°  the  liquid  soon  begins  to  ferment,  carbon  dioxide  and  hydrogen  being  given  oC 
and  the  fermentation  is  completed  in  ten  days.  The  solution  then  contains  normal 
butyl  alcohol  and  normal  butyric  acid,  besides  a  little  ethj^  alocdiol,  snd  a 
higher  acid,  probably  caproic.  100  parts  of  glycerin  yielded  7*7  pore  bu^  alcohol 
and  12*3  anhydrous  calcium  butyrate. 

Glycerin. — ^When  schizomycetes  are  sown  in  a  fermentable  liquid  wnnt^Ming  g 
large  proportion  (say  10  per  cent)  of  glycerin,  rapid  fermentation  sets  in  afteraSsf 
or  two  and  ceases  in  about  fourteen  days,  though  much  of  the  glycerin  still  rsBuini 
undecomposed.  The  mycelium  of  the  fungus  has  then  entirely  disappeand,  the  sedi- 
ment containing  only  inactive  spores.  If  now  the  liquid  be  decanted  and  <if#tnf^  to 
remove  the  butyl  alcohol  formed  in  the  fermentation,  and  poured  back  upon  the 
sediment,  the  spores  vegetate  and  multiply  afresh,  and  rapid  fermentation  ag»in  sell 
in.  Hence  it  is  expedient  to  employ  solutions  containing  not  more  than  about  S  per 
cent,  of  glycerin.  Fermentation  being  over,  the  liquid  is  to  be  decanted  firon  the 
sediment,  tke  \>ul7\  bXckAioY  d\&\^\.l«d  off^  the  residue,  after  cooling,  returned  to  the 
sediment,  and  about  ^  ^t  ceol.  oi  ^'^««cvsi^^<!^'^iri^«OL^^*Qdi^^^ 
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arigmal  Tolnme.  The  accumulation  of  calcium  butyrate  and  caproate  which  tlius 
takes  place  doee  not  affect  the  schizomycetee. 

Ammonium  sulphate  or  phosphate  may  be  substituted  for  pepsin  in  the  fermentable 
liquid  with  good  results.  A  liquid  containing  150  parts  of  glycerin,  1*5  of  potassium 
phosphate,  0*7  of  magnesium  sulphatSi  6  of  ammonium  sulphate,  and  30  of  calcium 
carbonate,  in  3000  pts.  of  water,  was  rapidly  brought  into  fermentation  by  an  infini- 
tesimal quantity  of  schizomycetes,  the  alcohol  thereby  formed  being  chiefly  normal 
butyl  alcohoL 

The  yield  of  crude  alcohols  in  the  experiments  just  described  was  about  14  per 
cent,  of  the  glycerin  employed,  a  veiy  small  portion  only  boiling  at  a  lower  tempera- 
ture than  butyl  alcohoL  Other  products  of  the  fermentation  of  glycerin  were  caproic, 
butyric,  and  probably  lactic  acids,  and  a  volatile  base  not  yet  examined. 

ManniU, — ^A  5  percent,  solution  of  mannite  containing  either  pepsin  or  ammonium 
sulphate  yielded  by  fermentation  with  schizomycetes,  normal  butyl  alcohol  and  ethyl 
alcohol,  together  with  butyric,  caproic,  acetic,  succinic,  and  lactic  acids. 

Starch. — ^A  trace  of  sdiizomyces  introduced  into  a  liquid  composed  of  100  parts  of 
starch,  0*1  of  potassium  phosphate,  0*02  of  magnesium  sulphate,  1*6  of  ammonium 
phosphate,  40  of  chalk,  and  3,000  of  water,  set  up  fermentation  in  twenty-four  hours. 
The  products  were  a  little  alcohol,  chiefly  ethylic,  35  per  cent,  butyric  and  9  per  cent. 
acetic  add,  with  a  small  quantity  of  succinic  add. 

Dextrin  yielded  more  alcohol  than  starch. 

Milk'tugar  is  readily  made  to  ferment  by  schizomyces  (but  not  by  saccharomyces, 
as  formerly  belieyed),  yielding,  amongst  oUier  products,  about  3  per  cent,  alcohol, 
chiefly  ethylic 

Ihdcite  yields  a  little  alcohol,  much  volatile  acid  (chiefly  butyric)  and  a  trace  of 
non- volatile  add. 

Quereite  yields  normal  butyric  acid  only. 

Bntyrlc  Fennentatlon. — Baudrimont  {Qmpt,  rend.  Ixxx.  1253)  has  observed 
the  occurrence  of  spontaneous  butyric  fermentation  in  a  solution  of  crystalline  cane- 
sugar.  From  the  gelatinous  mass  formed  in  the  liquid  after  twenty-four  hours,  alcohol 
separated  a  nitrogenous  ferment  containing  0*5  per  cent,  ash  and  5*5  nitrogen. 

In  the  neutral  volatile  products  of  the  lactic  and  butyric  fermentation  of  glucose, 
and  in  the  sour  waters  of  starch  factories,  Bouchardat  (Compt.  rend.  Ixxviii.  1145) 
found  ethyl  alcohol,  normal  propyl  alcohol,  and  butyl  alcohol,  but  no  pseudo-propyl 
alcohol,  the  oxidation-products  not  containing  acetone. 

Butyric  Fermentation  in  Waier-planta, — ^From  observations  by  J.  Boehm  (Deut. 
Cketn,  Gee.  Ber.  viii.  634),  it  appears  that  land-plants,  and  manj  marsh-plants,  when 
immersed  in  water  free  from  air,  undergo  a  spontaneous  butvnc  fermentation ;  true 
water-plants,  under  the  same  circumstances,  give  off  marsh-gas,  the  evolution  of 
which  IS  often  preceded  by  butyric  fermentation  ;  but  if  the  plants  be  previously  boiled 
with  water,  no  evolution  of  marsh-gas  takes  place,  and  the  occurrence  of  butyric  fer- 
mentation is  retarded.  If,  however,  the  same  plants,  after  being  boiled,  are  washed 
with  water  in  an  open  vessel,  they  will  afterwards  give  off  marsh-gas  when  immersed 
in  water.  The  liquid  remaining  after  the  butyric  fermentation  contains  free  ammonia, 
and  the  plants  themselves  undergo  partial  and  gradual  carbonisation  (conversion  into 
peat).  In  accordance  with  these  tacts,  Boehm  ascribes  the  evolution  of  marsh-gas 
from  decayed  vegetables  to  a  process  of  fermentation,  and  represents  the  decomposition 
of  the  cellulose  by  the  equation : 

Crai»0»  +  H«0  «  8C0«  +  3CH«. 

Butyric  Fermentation  induced  by  Elodea  canadensis. — ^The  fermentation  of  a  sugar- 
juice  in  which  twin  of  Elodea  canadensis  were  immersed,  yielded  butyric  acid  and 
ethyl  butyrate,  with  evolution  of  carbon  dioxide  and  hydrogen.  The  fermented  juice 
also  contained  alcohol-yeast  (Schatzenberger,  Cojppt*  rend.  Ixxx.  328,  497). 

OellulOAlo  Fermentation. — This  name  is  applied  by  £.  Durin  (Compt.  rend. 
Ixxxiii.  1 28)  to  a  peculiar  fermentation  which  he  observed  in  beet-juice,  resulting  in  the 
formation  of  a  white  hard  substance  ;  the  same  effect  was  also  produced  in  a  solution 
of  beet-molasses  by  the  action  of  the  organisms  deposited  from  the  juice  of  beet.  The 
white  substance  thus  formed  exhibited  the  characters  of  cellulose,  bdng  insoluble  in 
boiling  dilute  potash,  soluble  in  an  ammoniacal  solution  of  cupric  oxide  (Schweizer's 
reagent,  L  820)  converted  by  dilute  sulphuric  acid  into  dextnn  and  sugar,  and  by 
nitric  acid  into  oxalic  acid. 

The  mother-liquor  separated  from  the  cellulose  deposited,  on  addition  of  alcohol, 
a  white  amorphoas  caoutchouc-like  substance,  agreeing  with  cellulose  in  composition, 
but  swelling  up  in  water,  and  differing  from  cellulose  in  its  other  physical  properties. 
One  or  the  other  of  these  bodies  is  formed  in  greatest  abundance^  accoraiu^  to  thft 
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circumstances  of  the  reaction.  Thej  are  formed  onlj  from  saccharose,  not  from 
glucose  or  mannite  or  any  other  kind  of  sugar,  and  their  formation  has  nothing  to  do 
with  mucous  or  viscous  fermentation. 

On  adding  some  of  the  cellulose  lumps  to  a  solution  of  pure  cane-sugar,  a  new  and 
abundant  crop  of  them  was  obtained,  and  the  remaining  solution  was  found  to  contain 
not  only  traces  of  saccharose  and  of  the  gummy  cellulose,  but  considerable  quantities 
of  levulose. 

The  process  of  cellulosic  fermentation  may  be  represented  by  the  equation 

C"H«0"  =  C«H"0*  +  C«H>«0« 

Sacchaioee  GeUolose  Olaooae 

No  gas  is  eToWed  when  the  action  goes  on  in  this  way ;  but  if  the  liquid  is  add,  carbon 
dioxide  is  given  off,  and  a  considerable  quantity  of  acetic  acid  is  formed.  Calcium 
carbonate  &vours  the  transformation,  first  by  keeping  the  liquid  neutral,  and  secondly, 
by  a  special  reaction.  Barium  carbonate,  magnesium  carbonate,  calcium  chloride, 
ammonium  salts  and  nitrates,  retard  it ;  the  two  latter  also  induce  the  formation  of 
mould. 

The  ferment  which  induces  the  cellulosic  fermentation  is  nearly  related  to  diastase. 
A  recently  prepared  solution  of  diastase  acted  indeed  on  a  solution  of  sugar  in  the 
same  manner  as  the  cellulose  clota,  excepting  that  it  led  to  the  production,  not  of  these 
clots,  but  of  the  body  precipitable  by  alcohoL  A  similar  but  weaker  action  is  exerted 
by  the  albuminoids  of  urine.  * 

The  formation  of  cellulose  from  saccharose  likewise  takes  place  under  the  influence 
of  certain  fatty  seeds,  like  those  of  rape  or  colza.  Durin  considers  that  the  formation 
of  cellulose  in  living  plants  is  effected  in  like  manner  by  the  action  of  ferments  on 
saccharose,  and  experiments  made  on  sugar-canes,  maize-plants,  and  St.  John's  bread 
(fruit  of  Ceratonia  ailiqua),  have  established  beyond  doubt  that  the  formation  of  wood 
is  attended  with  a  decrease  in  the  amount  of  cane-sugar,  and  an  increase  in  that  of 
fruitrsugar  (Compt.  rend.  Ixxxii.  1078). 

Visooiui  or  BCnooiui  Vemiontatioii. — Baudrimont  {ibid,  Ixxx.  1263}  observed 
the  occurrence  of  a  spontaneous  viscous  fermentation  in  a  solution  of  crystallised  cane- 
sugar.  From  the  gummy  mass  produced  after  twenty-four  hours,  alcohol  separated  a 
ferment  containing  0*5  per  cent  ash  and  5*5  nitrogen. 

On  Viscous  Fermentation,  see  also  Commaille  (Manit,  scient.  [3],  435,  673,  772). 

V«nii«ntation  of  Vmits. — From  experiments  by  Lechartier  a.  Bellamy 
(Compt.  rend,  Ixxix.  949,  1006),  on  the  fermentation  of  cherries,  gooseberries,  figs, 
lemons,  cherry  and  gooseberry  leaves,  chestnuts,  and  barley,  also  of  turnips  sAd 
potatoes,  it  appears  t£at  the  life  in  the  cells  does  not  cease  with  the  separation  of  the 
fruit,  seed,  or  leaf  from  the  plants,  but  continues,  if  the  air  be  excluded,  with  deoosipo- 
sition  of  sugar  and  production  of  alcohol  and  carbon  dioxide.  As  soon  as  the  evolu- 
tion of  carbon  dioxide  ceases,  the  life  within  the  cell  becomes  completely  extinct. 
Fruits,  seeds,  and  leaves  may  continue  in  this  sluggish  condition  for  an  indefinite 
time,  provided  that  no  ferment  is  developed  within  them. 

Lechartier  a.  Bellamy  have  also  examined  the  action  of  antiseptic  and  toxic 
vapours  on  the  fermentation  of  fruits.  Green  apples  weighing  about  49  grams  were 
placed  in  flasks  containing  severally  phenol,  camphor,  and  a  piece  of  potassium 
cyanide.  As  a  means  of  comparison,  one  flask  was  also  taken,  containing  the  apple 
with  atmospheric  air  only.  This  latter  apple  gave  off,  in  forty-nine  days,  404  cc.  of 
gas,  and  from  that  time  till  the  end  of  the  experiment,  viz.,  seven  months,  it  remained 
completely  inert.  Under  the  influence  of  phenol  and  hydrocyanic  acid,  no  gas  was 
evolved  in  the  course  of  eighty-three  days,  but  in  the  case  of  the  apple  surrounded  by 
camphor-vapour,  16  cc.  were  given  off.  It  would,  therefore,  appear  that  the  action 
of  camphor-vapour  is  less  energetic,  and  diminishes,  without  completely  destroying, 
the  vitality  of  the  cells  (Comptes  rendus,  Ixxxiv.  1035). 

Similar  results  have  been  obtained  by  U.  Gayon  {Und,  1036),  who  also  finds  that 
other  and  chloroform  act  in  the  same  way  as  phenol,  while  carbon  sulphide  seems  to 
act  in  the  same  way  as  camphor. 

Pasteur  {Compt,  rend.  Ixxxiii.  173)  observes  that  the  stalks  of  grapes,  cherries, 
strawberries,  and  gooseberrfes,  are  covered  with  yeast-germs  to  a  much  greater 
extent  than  the  berries  themselves,  which  are  sometimes  quite  free  from  them. 
Unripe  fruits,  and  fruits  grown  in  glass  houses,  are  quite  free  from  yeast-germs ;  so 
likewise  are  grapes  preserved  by  Uie  action  of  water-vapour.    After  a  certain  time 

*  With  referenoe  to  these  statements,  Fasteor  (Compt.  rend,  Ixxxiii.  176)  otmerm  that  in  1861  he 
difloovcrod  two  ferments  whinb  induce  Tiscous  fermentation  ;  one  of  which,  consiiting  of  cbaini  of 
small  granules,  induced  the  formation  of  mannite  and  carbon  dioxide  together  with  a  Tisooos  body ; 
while  the  other,  which  was  made  up  of  irr^nilAr  cells  of  the  size  of  those  of  beer-yeaat,  fonned  only 
the  Tiscous  mass.    The  latter  would  probably  excite  the  cellulosic  fermentation  described  by  Durin. 
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the  germs  die.  The  air  of  Paris  was  found  to  cootain  the  Bamo  genusi  but  for  the 
most  part  only  in  summer.  Tho  observed  species  were  Saccharomt/ces  past,,  S.  ellips., 
S,  apie,  and  Mycodernia  vini  or  cereuisia. 

Am  Fremy  (ifjid.  180)  observes  that  well- washed  cherries  in  good  condition,  kept 
in  an  atmosphere  of  hydrogen  or  carbon  dioxide,  remain  hard,  and  for  the  most  part 
do  not  crack,  but  appear  opaque  internally,  and  contain  yeast-cells  even  close  to  the 
kemeL  At  the  same  time,  carbon  dioxide  and  alcohol  are  abundantly  formed  and 
the  cherries  lose  their  sweet  taste.  Fr^my  regards  these  effects  as  confirmatory  of  his 
theory  of  intracellular  fermentation.  Pasteur,  on  the  contrary  (ibid.  182),  finds  that 
these  appearances  take  place  in  fruits  only  when  they  are  injured,  and  consequently 
the  yeast-germs  on  the  sur&ce  are  carried  into  the  inside  of  the  fruit  The  same  view 
is  taken  by  Dumas  (ibid.  852),  and  confirmed  by  the  experiments  of  Joubert  a. 
Chamberland  (ibid.  354)  on  cherries,  gooseberries,  and  plums  kept  in  carbon  dioxide 
over  mercuiT.  These  observers  suggest  that  during  the  washing  of  tho  fruits  and 
their  introduction  into  fiasks  in  Frem/s  experiments,  the  skins  may  have  been 
ii\jured,  and  a  way  thereby  opened  for  the  penetration  of  the  yeast-germs. 

Vatar«  and  Origin  of  Vorments.  Ferments  are  of  two  kinds: 
chemical  or  unorganised,  luch  as  diastase,  emulsin,  myrosin,  the  ferment  of  the 
pancreas,  &e.;  and  physiological  or  organised,  such  as  yeast,  mycoderms, 
microsymes,  bacteria,  &c.  A  mode  of  distinguishing  between  tiie  two  is  afforded  by 
the  action  of  chloroform,  which  kills  the  latter,  but  does  not  produce  any  alteration  in 
the  former.  Thus  chloroform  arrests  the  fermentation  of  sugar,  but  does  not  interfere 
with  the  action  of  emulsin  on  amygdalin  (A.  Miintz,  Ann.  Chim,  Ph^s.  [5],  v.  428). 

jrnor^^tuaimeA  termentM  may  be  extracted  from  the  vegetable  and  aiiunal  organ<i 
in  which  Uiey  occur  by  means  of  glycerin :  in  this  manner  diastaiw)  may  be  extracted 
from  germinating  wheat  and  barlev,  emulsin  from  sweet  almonds,  and  animal  sugar- 
forming  ferment  from  the  glands  which  produce  it.  The  fresh  glands  are  comminuted 
as  quickly  as  possible,  freed  from  blood  by  washing  with  water,  then  dried  in  the  air, 
finely  pulverised,  and  the  powder,  after  being  sifted  through  fine  gauze,  is  well  triturated 
with  glycerin.  The  ferment  may  be  precipitated  from  the  glycerin-solution  by 
alcohol,  and  obtained,  by  repeated  solution  and  precipitation,  in  £o  form  of  a  powder 
almost  entirely  free  from  albuminoids,  and  very  effective  in  converting  starch  into 
sugar  (v.  Wittich,  J.pr,  Chem.  [2],  ii.  189). 

The  ferment  of  the  pancreas  may  also  be  prepared  by  extraction  with 
glycerin  and  precipitation  with  alcohol.  It  is  a  snow-white  powder,  exhibiting  no 
trace  of  organisation,  in  fact,  perfectly  amorphous ;  it  contains  sulphur  and  nitrogen, 
and  leaves,  when  burnt,  a  residue  containing  sodium  and  magnesium  phosphates. 
It  rapidly  converts  boiled  starch  into  sugar  at  ordinary  temperatures.  flocks 
of  fibrin,  boiled  or  raw,  are  gradually  attacked  by  it  at  30^,  and  in  the  end  are 
completely  digested.  On  leaving  a  few  granules  of  it  tor  a  night  at  40°  in  contact 
with  water  and  a  few  drops  of  olive-oil,  the  mixture  after  agitation  showed  a  decided 
acid  reaction.  The  pulverulent  preparation  is  not  hygroscopic,  and  does  not  lose 
weight  even  after  prolonged  heating  at  100^ ;  neither  does  it  lose  its  activity  at  that 
temperature.  In  its  chemical  behaviour  it  exhibits  the  closest  resemblance  to  albumin 
precipitated  by  alcohol,  differing  from  it  indeed  only  in  its  capability  of  redissolving 
in  distilled  water.  The  coagulation  of  its  solution  in  water  or  gl^rcerin  by  boiling 
is  attended  with  the  loss,  both  of  its  power  of  digesting  fibrin,  and  of  its  diastatic  and 
fat-de(xnnposing  action.  This  coagulation  is  the  consequence  of  tlie  resolution  of  the 
ferment  into  two  bodies,  one  of  which  remains  in  solution,  while  the  other  is  pre- 
cipitated (G.  Hiifner,  J.pr.  Chem.  [2],  y.  372). 

The  salivary  glands,  the  lungs,  and  putrefying  cheese,  when  treated  as  above  with 
glycerin  and  alcohol,  yield  substances  which  digest  fibrin  as  readily  as  the  pancreas- 
ferment,  and  likewise  act  like  diastase.  A  comparison  of  tho  analyses  of  the  ferments 
obtained  from  the  pancreas,  salivary  glands  and  lungs,  and  from  cheese,  also  of  that 
of  emulsin,  according  to  Buckland  Bull  (ii.  486),  with  the  analyses  of  egg-albumin, 
leads  to  the  inference  that  all  ferments  isolated  according  to  the  more  exact  methods 
now  in  use,  differ  essentially  in  composition  from  the  albuminoids ;  and  their  higher 
amount  of  oxygen  renders  it  probable  that  they  are  produced  chiefiy  by  oxidation  of 
albumin  (Hii&er,  loc.  cU.) 

The  energy  with  which  the  pancreas  ferment  acts  on  fibrin  does  not  depend  on 
the  presence  of  oxygen  either  gaseous  or  absorbed,  and  thb  evolution  of  combustible 
gases  with  which  it  is  more  or  less  attended,  is  not  to  be  attributed  solely  to  deficiency 
of  oxygen.  When  the  fibrin-decomposing  ferment  of  the  pancreas  acts  alone,  and  in 
the  absence  of  all  organisms  capable  of  exciting  putrefaction,  no  combustible  gases 
are  evolved,  but  only  carbon  dioxide  ;  and  the  development  of  this  last  gas  is  entirely 
independent  of  the  activity  of  the  ferment,  be^ng  the  result  of  a  process  of  oxidation 
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which  goes  on  in  its  absence.  The  occurrence  of  combustible  gases  is  probably  dua 
to  the  action  of  microscopic  organisms  (bacteria)  (Hiifner,  J*  pr,  Ckem,  [2],  z.  1 ; 
xi.  43). 

J.  Munk  (Chem,  Centr,  1876,  622)  regards  the  ferments  obtained  from  saliva,  and 
from  the  pancreas,  as  different  from  tliat  of  the  muscles,  stomach,  and  intestines, 
inasmuch  as  the  action  of  the  former  is  strongly  developed  in  acid  and  alkaline 
liquids  within  certain  degrees  of  acidity  and  alkalinity,  whereas  that  of  the  latter 
is  apparent  only  in  neutral  liquids. 

The  following  observations  on  liver- ferment,  and  on  the  action  of  albuminous 
substances  on  glycogen,  have  been  made  by  Seegen  a.  Kratschmer  (I^/Uiger's  Arckiv. 
f.  Physiologie,  xiv.  593) : 

(1.)  The  albuminous  tissues  of  the  animal  body  as  well  as  other  albuminous  sub- 
stances which  are  soluble  either  partly  or  entirely  in  water,  when  left  in  contact, 
for  a  longer  or  shorter  time  with  glycogen,  exert  a  saccharifying  action.  By  boiling 
the  aqueoTis  solution  of  the  albuminous  bodies,  the  diastatic  action  is  momentarily  ar- 
rested,  but  appears  a^in  after  the  space  of  two  or  three  days.  The  minutest  quanti- 
ties of  soluble  albumm  are  sufficient  to  exert  this  sugar-forming  action. 

(2.)  The  action  of  these  albuminous  bodies  on  glycogen  is  qualitatively  identical 
with  that  of  saliva  and  of  pancreas-extract.  There  is,  however,  considerable  difference 
both  in  the  quantity  and  also  in  the  rapidity  of  the  action.  The  time  required  is 
longer,  and  the  sugar  formed  by  the  action  of  albuminous  bodies  is  much  smaller  in 
quantity  than  in  the  case  of  saliva  or  the  pancreatic  extract.  The  formation  of  sugar 
in  a  botUd  liver  is  to  be  referred  to  the  diastatic  action  of  the  albuminous  tissue 
contained  therein ;  whereas,  in  fresh  unboiled  liver,  it  is  highly  probable  that,  as  in 
saliva  and  the  pancreatic  juice,  a  diastatic  ferment  is  present  in  large  quantity. 

(8.)  No  method  is  known  at  present  by  which  liver-ferment  can  be  isolated.  By 
all  methods  hitherto  employed,  glycogen  is  first  extracted,  and  this  contains,  mixed 
with  it,  a  diastatic  element. 

(4.)  In  a  pure  solution  of  glycogen  in  glycerin,  ferments  are  inactive.  The  forma- 
tion of  sugar  occurs  immediately  when  water  is  added  to  the  mixture. 

Ferment  of  Urine, — ^Musculus  (Deut.  Chem,  Gee.  Ber.  ix.  1352)  has  found  in 
the  urine  of  persons  affected  with  catarrh  of  the  bladder,  a  ferment  which  is  pre- 
cipitated by  alcohol  as  a  ooagulum  resembling  fibrin.  After  drying  at  a  compara- 
tively low  temperature,  it  dissolves  in  water  and  is  precipitated  from  the  solution  by 
alcohol  and  acetic  acid,  but  not  b^  sodium  chloride.  With  mercury  nitrate  it  forms 
a  precipitate  which  becomes  reddish  on  boiling.  The  aqueous  solution  mixed  with 
urea  and  heated  to  35^-40^  decomposes  the  urea  completely,  with  formation  of 
ammonium  carbonate.  The  ferment,  however,  does  not  possess  this  decomposing 
power  if  it  has  been  precipitated  by  acetic  acid,  or  heated  to  80° ;  and  the  same  effect 
18  produced  by  hydrochloric  acid  diluted  to  one-thousandth,  also  by  sulphuric,  tartaric, 
acetic,  salicylic  and  other  acids,  but  not  by  phenol.  Dilute  alkabs  and  sodium 
chloride  have  no  effect.  Hydrochloric  add  of  one-thousandth  likewise  destroys  the 
fermentative  action  of  diastase ;  whereas,  that  of  the  pancreatic  juice  ana  of  the  saliva 
is  not  affect^  by  hydrochloric  acid  of  any  degree  of  concentration  below  1  in  100. 
Acetamide  and  oxamide  treated  with  this  ferment  give  off  onlv  traces  of  ammonia ; 
hippuric  and  uric  adds,  creatine  and  guanidine  are  completely  decomposed  by  it,  but 
only  after  several  days. 

Bee -ferment. — The  head,  thorax,  and  abdomen  of  working  bees  contain  ferments 
soluble  in  glycerin,  which  completely  invert  cane-sugar  and  convert  starch  into 
dextrin  and  sugar.  The  so-called  bee-bread,  and  the  pollen  of  firs  and  pines,  also 
contain  a  ferment  which  inverts  cane-sugar. 

Plant-ferments, — The  clear  aqueous  and  glycerin  extracts  of  malt,  beet, 
carrots,  and  yeast,  yield,  when  treated  with  ether,  protoplasmic  formations  of  hyaline 
structure,  some  of  which  (from  malt  and  yeast)  act  as  ferments.  These  bodies  exist  in 
the  extracts,  not  in  solution,  but  in  a  tumefied  gummy  condition,  and  the  ether  when 
shaken  up  with  the  liquid,  mechanically  carries  the  protoplasmic  bodies  upwards  in 
the  form  of  a  jelly  resembling  frog-spawn,  which  may  be  freed  from  the  greater  part 
of  the  ether  by  a^tation.  On  washing  the  remaining  mass  with  water,  and  then 
adding  strong  alcohol,  the  pure  substance  separates  in  the  form  of  a  floceident 
precipitate,  which  may  be  dried  under  the  air-pump  (Zulkowsky  a.  Eonig,  J,  pr, 
Chem,  [2],  xL  43). 

Vetch-seeds  contain  a  ferment  which  converts  starch  into  sugar  andalbiimiiioids 
into  peptones.  It  may  be  extracted  by  glycerin  from  the  seeds  previously  exhausted 
with  alcohol,  precipitated  from  the  glycerin-solution  by  a  mixture  of  alcohol  and 
ether,  and  purified  by  repeated  solution  in  glycerin,  and  precipitation  with  alcohol 
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and  ether.  The  ferment  contains  nitrogen  and  Bnlphur,  is  soluble  in  water,  as  well 
as  in  glycerin,  and  leaves  when  burned  a  considerable  quantity  of  ash  (v.  Gorup- 
Besanez,  Deut.  Chem.  Ge$.  Ber.  yii.  143,  569). 

Hemp -seed  and  linseed  treated  as  above  likewise  yield  a  diastatic  and  peptone- 
forming  ferment  (H.  Will,  ibieL  viii  1510). 

The  buds  and  young  leaves  of  trees  yield,  according  to  Eosman  (Compt.  rend. 
Izxxi.  406),  ferments  which  convert  saccharose  into  glucose,  starch  into  dextrin  and 
glucose,  and  resolve  digitalin  into  glucose  and  digitaliretin.  This  ferment  has  been 
obtained  from  the  buds  of  TJhmui  campestris,  Popwua  nigra,  Querctu  peduncuUxta  and 
CoryluM  avellana;  tram  the  flowers  of  Comua  sangmnea  and  Prvnus  tpinata;  and 
from  the  young  leaves  of  Chdidomum  majua  and  I>igiiali$  purpurea, 

Organised  Verments.  The  question  as  to  the  spontaneous  generation  of 
organised  ferments  in  organic  liquids,  has  lately  given  rise  to  oonsideiable  discussion. 
According  to  G.  H.  Bastian  (Froc,  Boy,  8oc.  zzv.  149),  bacteria  are  formed  in 
normal  urine  having  an  acid  reaction  and  free  from  spores,  after  it  has  been  heated  to 
50^ ;  also  in  the  same  urine  when  it  is  neutralised  with  potash  after  being  heated ; 
or  when,  after  previous  heating  to  60^  or  even  100^,  it  is  subjected,  in  the  neutralised 
state,  to  the  action  of  electrolytic  oxygen.  In  all  cases  the  formation  of  bacteria  was 
veiy  considerable,  even  after  7  to  12  hours.  Tyndall,  on  the  other  hand  {ibid,  zxiv. 
171),  finds  that  air  enclosed  in  a  box,  the  inner  surface  of  which  is  carefully  coated 
with  glycerin  and  left  for  several  davs,  so  that  all  particles  of  dust,  and  with  them  all 
organic  ^erms,  may  have  settled  to  the  bottom,  is  incapable  under  any  circumstances 
of  inducing  putrefaction,  either  in  vegetable  or  in  animal  fluids,  such  as  urine.  The 
same  is  the  case  with  flltered  air,  and  with  air  which  has  been  passed  through  a  red- 
hot  tube.  He  further  observes  that  the  alkaline  nature  of  aliouidnever  promotes 
the  formation  of  germs.  These  ne^tive  results  were  obtsinod  when  the  liquids  were 
enclosed  in  flasks  from  which  the  air  had  been  expelled  by  boiling,  l^rndall  further 
points  out  the  numerous  sources  of  error  to  which  such  experiments  are  liable,  and 
the  extreme  difiKculty  of  completely  preventing  the  access  of  organised  germs  to  the 
liquids.  He  flnds,  moreover,  that  putrefaction  takes  place  in  various  wa^  and  with 
different  degrees  of  rapidity  even  in  liquids  of  exactly  similar  constitution  exposed 
to  ordinary  air  under  exactly  similar  circumstances,  and  explains  this  result  by  the 
assumption  that  the  germs  are  diffused  through  the  air  in  cloud-like  swarms  of 
various  densities,  the  individual  germs  being  sometimes  fresh  and  moist,  sometimes 
either  dead  or  diy,  so  that  they  are  either  inert  or  act  with  diminished  enersy. 

Pasteur  also  ( Compt,  rend,  Ixxxiii.  176)  dissents  from  Bastian's  conclusions.  He 
directs  attention  to  the  great  improbability  of  the  supposition  that  a  body  like  potash 
can  act  as  a  generator  of  living  organisms,  and  points  out,  as  previously  shown  by 
Pouchet  {ibid.  Ixiii.  131),  that  organic  germs,  though  killed  when  heated  to  100®  in 
acid  liquids,  are  not  destroyed  when  heated  to  the  same  temperature  in  neutral  or 
alkaline  liquids,  a  temperature  of  110**  being  required  to  kill  them  in  that  case. 
Bastian,  on  the  other  hand  {ihid,  Ixxxiii.  562),  states  that  a  moderately  acid  urine, 
which,  according  to  Pasteur,  should  have  been  freed  from,  organic  germs  by  heating 
to  100®,  was  found  to  contain  them  when  left  to  cool  and  subsequently  heated  to  50®, 
and  that  a  number  of  organic  liquids,  in  which  no  formation  of  organisms  took  place 
at  25®,  were  found  to  contain  them  after  being  heated  to  50®.  l^ndall,  on  the  con- 
traxy  (ibid,  364),  says  that  be  has  never  been  able  to  detect  the  formation  of  organisms 
in  urine  by  heating  to  50®.  See  further,  Tjrndall  {Proe,  Boy,  Soe,  xxv.  457)  508,  569) ; 
Burdon  Sanderson  (ibid.  xxvi.  322,  416) ;  Tyndall  (ibid,  228,  353.  487). 

According  to  J.  Duval  (Con^t,  rend,  Ixrvii.  1027,  and  Ixxix.  1160)  the  air  never 
contains  ready-formed  ferments,  but  only  their  germs,  sach  as  the  spores  of  fangi  or 
cells  of  the  lower  algSB,  which  in  certain  media  develop  into  ferments,  whose  nature  is 
determined  by  the  constitution  of  the  media  themselves,  so  that  one  ferment  may  be 
converted  into  anotiier  by  a  particular  alteration  of  the  medium. 

Can  Organiama  conHntie  to  live  in  the  complete  absence  of  Oxygen  ? — The  following 
experiments  bearing  on  this  question  have  been  made  by  G.  Hiimer  (J,  pr.  CAem.  [2], 
xiii.  475).  A  number  of  flasks  containing  water  and  a  small  quantity  of  flbrin  were 
emptied  of  air  hj  prolonged  boiling,  then  sealed,  and  a  quantitv  of  putrefying  liquid 
contained  in  a  side-tube  fosed  into  each  of  the  flasks  was  made  to  flow  into  it.  All 
the  flasks  were  found  to  be  quite  free  from  air,  and  after  standing  for  a  fortnight  at 
30®,  the  liquid  in  them  still  contained  numerous  living  bacteria.  The  gas  evolved  in 
them  consisted  of  hydrogen  and  carbon  dioxide,  in  one  case  42'66  and  57*34  per  cent, 
respectively,  in  another  22*28  and  77*72  per  cent. 

Bacteria  in  Putrefied  Blood, — V.  Felts  (Compt,  rend.  Ixxxiv.  358) found  that  1  c.c. 
of  putrefled  blood  containing  bacteria  when  mixed  with  5  cc.  of  water  and  injected 
into  the  rcma  of  a  rabbit,  killed  it  in  three  to  «eveu  dtt^.    A^«c  «»^^ga!A^>vs^  Vpi 
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exposure  to  a  temperature  of  80°,  it  was  still  full  of  bacteria,  and  proved  fatal  to  a 
rabbit  in  eight  days.  But  when  the  putrefied  serum  was  exposed  to  a  temperature  of 
160^  in  a  sealed  tube  for  four  hours,  the  blood  became  innocuous.  There  were  then 
no  living  organisms  visible  under  the  microscope. 

Bacteria  in  Plants, — According  to  Tr^ul  (Mi,  Izzx.  95),  bacteria  may  be  developed 
in  the  interior  of  compact  vegetable  tissue. 

Bacteria  in  Sulphuretted  Waters. — J.  B.  Schnetzler  {Ann,  Chim.  Phys,  [6],  vii.  281) 
found  living  bacteria  and  other  organisms  in  the  deposit  £rom  a  natural  water  con- 
taining hydrogen  sulphide ;  and  Cohn  {Dingl,  pol,  J,  ccxxii.  399)  found  them,  together 
with  algae,  in  the  peach-blossom-coloured  organisms  which  live  on  decaying  plants  in 
waters  containing  sulphates. 

Formation  of  Ammonia  and  Nitrites  by  Bacteria. — ^Meusel  {Ann.  Ch.  Phys,  [5],  vii. 
287)  observed  that  water  containing  nitric  acid,  and  originally  free  from  ammonia 
and  nitrites,  contained  these  compounds  after  being  subjected  to  the  action  of  bacteria. 
The  reduction  of  the  nitric  acid  by  these  organisma  was  prevented  by  the  presence  of 
phf^nol,  salicylic  acid,  benzoic  acid,  alum,  and  concentrated  solution  of  common  salt ; 
but  took  place  with  remarkable  intensity  in  otherwise  pure  water  containing  only 
nitrates  and  bacteria,  when  carbohydrates  were  likewise  present,  and  scarcely  percep- 
tibly on  addition  of  organic  acids.  Water  freshly  distilled  and  mixed  with  sugar  was 
not  found  to  reduce  nitrates  when  the  air  was  excluded  from  it.  From  these  observa- 
tions it  appears  that  bacteria  promote  oxidation  by  acting  as  carriers  of  oxygen. 

Decompositions  effected  by  the  Bacteria  of  the  Pancreasi — ^An  extended  series  of  ex- 
periments by  Jeanneret  {J.  pr,  Chem.  [2],  zv.  S53)  has  led  to  the  following  conclusions : 
1.  The  decomposition  of  gelatin,  albumin,  and  other  nitrogenous  compounds,  and  of 
carbohvdrates,  by  these  organisms,  may  take  place  without  access  of  air,  but  it  then 
proceeds  much  more  slowly  than  when  air  is  present.  2.  The  more  simple  chemical 
compounds  produced  by  the  decomposition  are  the  same,  whether  air  is  present  or 
absent.  Tyrosine  was  formed  from  albumin  after  twenty-nine  days'  action,  in 
absence  of  air,  and  leucine  from  gelatin  after  eleven  days'  action.  These  subetance* 
were  not  found  after  the  same  lapse  of  time,  when  the  decomposition  proceeded  in 
presence  of  air.  3.  The  gases  produced  in  the  decomposition  of  gelatin  are  almost 
wholly  absorbed  by  caustic  potash.  4.  The  amount  of  carbon  dioxide  produced  in 
tho  decomposition  of  albumin  and  gelatin  increases  from  day  to  day,  as  the  action 
proceeds.  5.  The  pancreas  bacteria  are  produced,  and  continue  to  exists  in  absence 
of  air ;  but  for  their  complete  activity  nitrogen  compounds  must  be  present. 

Microeymes, — This  name  is  applied  by  B^champ  to  extremely  minute  livins 
oiganisms,  which  are  capable  of  developing  into  bacteria,  and,  on  the  other  hvK^ 
may  be  formed  from  the  latter.  Beer-yeast  introduced  into  staitdi  was  found  to  dis- 
appear and  give  rise  to  the  formation  of  microzymes ;  and,  according  to  B^champ, 
any  animal  cell  whatever  may  be  transformed  into  microeymes.  As  molecular 
organised  primary  cells,  these  organisms  may  be  detected  in  the  liver,  in  egg-yolk, 
and  in  the  pancreas.  They  are  capable  of  exciting  fermentation  and  putrefaction 
{C<mpi.  rend.  Ixxx.  494,  1027,  1369 ;  Ixxxi.  226);  see  also  Gayon  (ibid,  Ixxx.  674, 
1096).  B^hamp  a.  Estor  (ibid,  Ixxvi.  1143)  have  observed  the  mutual  conversion  of 
microzymes  and  bacteria  to  take  place  in  the  alimentary  canal  of  a  dog. 

According  to  B^champ  (ibid.  Ixxvi.  1414)  the  gelatinous  precipitate  called  gUnrin 
or  bareyin  (i.  500)  deposited  from  the  sulphur-springs  of  Molita  in  the  Pyrenees 
consists  of  a  collection  of  microzymes  enveloped  in  a  transparent  substance.  Like  all 
microzymes,  those  of  glairin  arc  capable  of  converting  sugar  into  alcohol  and  acetic 
acid,  and  of  developing  into  bacteria. 

Schizomycetes  or  Splitfungi. — These  names  are  applied  by  Fitx  (Deut, 
Chem.  Ges.  Bar.  xi.  46)  to  certain  species  of  the  lower  fungi,  which  multiply  by  division, 
the  cell  lengthening  and  forming  a  transverse  division  in  the  middle,  and  the  two 
new  cells  thus  formed  multiplying  themselves  in  the  same  manner.  Most  of  these  fongi 
can  live  and  multiply  only  in  presence  of  oxygen,  and  these  (called  by  Pasteur 
Aerobics)  bum  the  carbon-compounds  of  the  nutritive  liquid  in  which  they  live,  to 
carbonic  acid  and  water.  Those,  on  the  other  hand,  which  are  capable  of  exciting 
fermentation  (Pasteur's  Anaerobies)  can  live  and  multiply  in  complete  absence  of 
oxygen,  and  it  is  exactly  this  absence  of  oxygen  which  makes  them  act  as  ferments. 
In  presence  of  oxygen  chey  act  like  those  of  the  first  division,  and  give  rise  to  the 
combustion  of  carbon  compounds,  but  when  no  oxygen  is  present,  they  decompose  the 
fermentable  substance.  To  this  latter  division  belong  the  ferment-organisms  which 
excito  fermentation  in  calcium  lactate  and  tartrate,  glycerin,  &c. 

The  ferment-organisms  of  the  glycerin-fermentation  belong  to  a  genus  called  Vibrio 
by  Pasteur,  Bacillus  by  Cohn.  The  most  convenient  source  of  them  is  fresh  cow- 
dung  ;  they  appear  to  be  most  active  at  a  temperature  of  37^-40®.    Two  spedes  are 
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distingnished,  the  broader,  called  Butyl-bacilluSf  being  apparently  that  which  in  the 
fermentation  of  glycerin  gives  rise  to  the  formation  of  butyl  alcohol,  while  the  narrower 
species  (BaciUua  tubtUis)  gives  rise  to  ethyl  alcohol  (p.  776>.  The  fermentation  of 
starch  by  means  of  BaeUlut  aubtilit  affords  an  excellent  metnod  of  obtaining  butyric 
acid.  Fitz's  paper  above  cited  gives  full  details  of  the  methods  of  cultivating  these 
fungi,  and  of  their  microscopical  aspects. 

Ye  a  at.  Preparation  of  Pure  Yeaat  free  from  Bacteria, — When  ordinary  beer- 
yeast  is  added  to  a  filtered  decoction  of  yeast  to  which  sugar-candy  and  alcohol  have 
been  added,  the  products  of  the  action  thereby  set  up  vary  with  the  proportions  of 
the  ingredients,  more  especially  with  the  proportion  of  alcohoL  A  decoction  of  40 
grams  of  yeast  in  200  c.c.  of  water,  made  up  to  1  litre  with  water  holding  in  solution 
100  grams  of  sugar-candy  (Flasteur's  liquid),  undergoes  alcoholic  fermentation  almost 
completely  on  addition  of  a  small  quanti^  of  yeast  But  if  the  proportion  of  sugar 
be  reduced  to  one-half,  the  formation  of  yeast-cells  goes  on  with  (Ufficulty,  whilst 
bacteria  develop  rapidly,  and  in  a  few  days  the  liquid  becomes  putrid.  The  develop- 
ment of  bacteria  and  of  all  other  disease-ferments,  as  well  as  of  Myooderma  vini^  is, 
however,  considerably  retarded  by  a  small  quantity  of  alcohol  r2''8  per  cent),  and 
entirely  prevented  by  a  larger  quantity  (6*6  per  cent.)  The  development  of  yeast  is 
also  retaided  by  alcohol,  but  still  goes  on  in  solutions  containing  8*2  per  cent.  Pure 
yeast  may  thezefore  be  developed  in  appropriate  solutions  containing  from  5*6  to  8-2 
per  cent  alcohol.  With  this  proportion  of  alcohol,  however,  the  temperature  must 
not  exceed  16^;  at  about  26^,  even  10*6  per  cent  is  not  sufficient  to  prevent  com- 
pletely the  formation  of  bacteria :  but  yeast  grown  at  lower  temperatures  can  after- 
wards increase,  without  any  contamination  from  bacteria,  in  nutritive  solutions  free 
from  alcohol,  even  at  36^.  The  propagation  of  yeast  in  a  solution  rich  in  albumin  at 
about  30^,  affords,  therefore,  the  best  criterion  of  its  perfect  freedom  from  bacteria — 
a  point  not  easy  to  determine  by  microscopical  examination  (Tianbe,  Ikut,  Ckem. 
Gee.  Ber.  ix.  183,  1239). 

Composition  of  Yeast, — Sehutcenberger  (Compt.  rend,bami\.  498  ;  BuU,  8oc.  Chim, 
[2],  xxi.  204)  by  boiling  fresh  yeast  containing  29-80  per  cent,  of  dry  substance 
with  water,  obtained  an  insoluble  residue  amounting  only  to  20-21*6  per  cent. ;  and 
when  the  same  yeast,  after  washing  with  cold  water,  was  suspended  in  water  and  left 
in  it  for  twelve  to  fifteen  hours  at  36^-40°,  it  gave  up  to  boiling  water  17  to  18  per 
cent,  of  its  substance,  the  insoluble  residue,  when  dned  at  100^,  amounting  to  12*6- 
13  per  cent  During  the  digestion,  a  slow  and  regular  evolution  of  carbon  dioxide 
took  place,  attributable  to  alcoholic  fSermentation  of  the  sugar  formed  in  the  process ; 
when  this  action  ceased,  the  yeast  did  not  exhibit  the  least  sign  of  putrefactive  altera- 
tion. The  extract  contained:  1.  A  considerable  quantity  of  phosphates.  2.  A 
large  quantity  of  gum  (arabin),  convertible  by  nitric  acid  into  mucic  acid.  3.  L e  uci  n e 
and  tyrosine,  to  the  former  of  which  a  sulphuretted  compound  obstinately  adhered. 
4.  Gamine,  xanthine,  guanine,  hypoxanthine,  and  sarcine.  When  these 
substances  have  been  removed,  there  remains  a  sweetish,  uncrystallisable  syrup  still 
containing,  nitrogen.  The  aqueous  decoction  of  ftresh  yeast  contains  the  same  sub- 
stances as  that  (^  the  digested  yeast. 

According  to  B^hamp  (C^pt.  rend,  Ixxviii.  646),  yeast  in  a  pasty  state  kept  for 
forty-eight  hours  at  26^-30°  becomes  completely  liquefied,  and  if  it  be  then  thrown 
upon  a  filter,  more  than  half  its  weight  will  filter  tnrouj^.  A  similar  result  takes 
pufcce  at  the  ordinary  temperature,  but  more  slowlv.  The  liquid  product  contains 
alcohol  and  acetic  acid,  but  no  appreciable  trace  of  butvric  acid ;  leucine,  tyrosine, 
gummy  matter,  &c.,  are  also  present,  as  when  yeast  is  allowed  to  exhaust  itself  in 
presence  of  water,  l^east  which  has  been  used  for  one  or  two  fermentations  does  not 
liquefjr  spontaneously,  at  least  at  ordinary  temperatures,  even  when  kept  in  contact 
with  Uie  air  for  six  months.  Fresh  yeast  contains  neither  tyrosine  nor  leuqne,  these 
being  products  formed  by  a  special  ftinction  of  the  cellule. 

According  to  Belohoubecx  (Jahresh.  f.  Chem,  1876,  898),  'press-yeast'  always 
contains  from  3  to  12  per  cent,  starch,  which  is  added  to  it  before  pressing  ;  also 
the  fungi,  Saocharomt/ees  cerevisia  and  8.  exiguvs,  Myooderma  aceti  and  Oidium  Uictis, 
together  with  bacteria.  Amongst  the  chemical  constituents  are :  albumin,  gluten, 
the  nitrogenous  constituent  of  the  protoplasm,  cellulose,  amylum,  dextrin,  ethyl 
alcohol ;  lactic,  carbonic,  phosphoric,  sulphuric,  and  silicic  acids ;  potash,  soda,  lime, 
magnesia,  manganous  oxide,  and  ferric  oxide. 

J.  W.  Gunning  (Dewt,  Chem.  Ges,  Ber.  v.  821)  finds  that  yeast  may  be  deprived  of 
its  fermenting  power  by  exhaustion  with  glycerin.  The  filtrate  does  not  contain  any 
cells  recognisable  by  the  microscope,  and  does  not  reduce  Fehling^s  solution,  but 
quickly  converts  saccharose  into  glucose.  The  exhausted  yeast-cells  are  without 
action,  not  only  upon  a  solution  of  cane-sugar,  but  also  on  a  solution  of  glucose,  and 
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do  not  recover  their  characteriRtic  property  till  a  little  of  the  ferment-solution  is 
added  to  them.  Gunning  further  observes  that  Pasteur's  liquid  containing  cane- 
sugar,  ammonium  tartrate,  and  yeast-ash  (p.  776),  does  not  of  itself  possess  the  power 
of  nourishing  yeast^cells,  but  becomes  nutntive  to  them  in  presence  of  albumin  or  of 
ferments. 

Sugar-inverting  constituent  of  Yeast,  In  vert  in. — ^Donath  [Deut.  Chem.  Ges,  Ber. 
yiii.  796^  obtains  this  substance  by  treating  yeast  according  to  Zulkowsk^  a.  Konig's 
method  (p.  780).  The  yeast,  after  being  ahnost  completely  exhausted  with  absolute 
alcohol,  and  dried  at  the  ordinary  temperature  to  a  brittle  mass,  is  finely  pulverised, 
and  thoroughly  lixiviated  with  water  at  ordinary  temperature ;  Uie  opalescent  filtrate 
is  shaken  up  with  ether,  and  the  frogspawn-like  mass,  after  washing  with  water,  i^ 
dropped  into  alcohol  and  left  to  dry  under  the  air-pump.  It  is  thus  obtained  in  the 
form  of  a  powder,  a  very  small  quantity  of  which  is  sufficient  to  bring  about  the 
inversion  of  cane-sugar  at  ordinary  temperatures  in  ten  to  fifteen  minutes.  Bonath 
is  of  opinion  that  it  cannot  be  regarded  as  an  albuminous  substance. 

Preservation  of  Yeast. — Jeverson  a.  Boldt  {JHngl.  pol.  J.  ocviii.  467)  preserve  yeaj^t 
by  washing  it  carefully,  pressing  out  the  water,  drying  the  press-cake  in  a  vacuum 
in  presence  of  hygroscopic  substances,  and  finally  in  a  stream  of  gas,  and  hermetically 
sealing  the  dried  powder  in  glasses  or  boxes.  Yeast  thus  treated  keeps  for  many 
months,  and  when  required  for  use  maybe  rubbed  up  with  water  at  20^-80^  to  a  thin 
paste  which  will  act  like  fresh  yeast. 

AntlfermentB  or  Antlseptloa.  Dumas  found  that  borax  prevent* 
the  action  of  yeast-water  upon  sugar,  ot  synaptase  on  amygdalin,  and  of  myrosin  on 
myronic  acid  (2nd  Suppl.  517).  According  to  retit,  on  the  other  hand  (Compt,  rend. 
Ixxv.  881),  it  merely  retards  the  action  of  yeast  upon  Sugar ;  and,  according  to  S.  Darby 
(Pharm.  J.  TVans.  [3],  iiL  742),  it  only  slightly  reti^s  the  formation  of  volatile 
mustard-oil  in  a  mixture  of  black  mustard  seed  and  water,  or  of  benzaldehyde  in  a 
mixture  of  bitter  almonds  and  water.  According  to  J.  B.  Schnetzler,  on  the  other 
hand  {ibid,  v.  846),  borax  destroys  the  activity  of  bodies  which  excite  fermentation 
and  putrefaction ;  it  also  kills  infusoria  and  the  protoplasm  of  the  vegetable  cell. 
Schnetzler  also  reports,  on  the  authority  of  A.  Robottom,  that  the  carcase  of  a  hone 
which  had  lain  for  four  months  at  a  temperature  of  45^  in  a  Califomian  soil  rich  in 
borax,  was  found  completely  preserved  and  free  from  odour.  A  similar  fitct  is 
mentioned  hj  B&doin  {Cofnpt.  rend.  Ixjjni.  1169,  1189)  with  regard  to  the  flesh  of 
an  ox,  and  the  blood  of  a  hdrse  affected  with  glanders. 

Suillot  (Bull.  8oc.  Chim.  [21,  xxv.  346)  recommends  for  the  preservation  of  meat, 
the  use  of  calcium  borate^  B*0'Ca,  which,  according  to  his  observations,  is  resolved,  in 
contact  with  the  meat,  into  firee  boric  acid,  which  prevents  the  formation  of  mildew, 
and  a  more  basic  salt  -vi^hich  prevents  the  putrefaction.  Free  boric  acid  does  not  act 
antiseptically;  the  crystalline  compounds  of  hydrated  calcium  borate  with  glucose  or 
saccharose  decolorise  the  meat,  but  do  not  prevent  the  formation  of  mildew. 

According  to  Laig'orrois  (Compt.  rend,  ixxxiii.  679),  potassium  dichromate  acts  as 
an  antiseptic. 

Acco^ling  to  Petit  (Compt.  rend.  Ixxv.  881),  a  solution  of  50  grams  of  cane-sugar 
in  1  litre  of  water  mixed  with  yeast  in  the  proportion  of  0*5  grm.  to  10  c.c.  of  liquid 
ferments  slowly  but  regularly  when  mixed  with  1  per  cent,  ferrous  sulphate ;  with 
1  per  cent,  cupric  sulphaie  the  fermentation  begins,  but  soon  ceases ;  1  per  cenL 
phosphorus,  and  small  quantities  of  turpentine-oil,  mustard-flour,  tartaric  and  sulphuric 
acids,  and  creosote  produce  no  retardation ;  1  per  cent,  arsenious  acid  retards  the  fer- 
mentation, which,  however,  goes  on  regularly;  ^  per  cent,  oxalic  acid  produces 
considerable  retardation ;  ^  per  cent  acetic  actd  appears  to  retard  the  fermentation 
to  a  greater  degree  than  the  mineral  acids.  Sulphites  do  not  retard  fermentation,  but 
are  themselves  converted  into  sulphates  during  its  progress.  Mercuric  oxide  appears 
to  be  the  most  powerful  of  all  antiseptics,  and  next  to  it  mercuric  chloride ;  0*5  per 
cent,  of  mercuric  oxide  is  sufficient  to  put  an  immediate  stop  to  fermentation  in  active 
progress.  According  to  Bucholtz,  an  aqueous  solution  of  mercuric  chloride,  containing 
1  pt.  of  the  salt  in  20,000  of  water,  exerts  an  antiseptic  action  equal  to  that  of  aqueous 
salicylic  acid  containing  1  pt  in  666,  or  of  aqueous  alcohol  containing  1  pt.  in  50. 

Formic  acid,  even  in  extremely  small  quantity,  prevents  fermentation,  but  it& 
salts  do  not  (Ziegler,  Jahresb.f.  Chem.  1874,  953). 

S.  Bid  well  (Pharm.  J.  Trans.  [3],  vi.  746)  has  compared  the  preservative  properties 
of  phenol,  chloral  hydrate,  salicylic  acid,  and  benzoic  acid  on  meat  kept  under  water, 
and  finds  that,  for  equal  quantities,  benzoic  acid  is  the  most  efficacious ;  further,  tbtt 
salicylic  acid  acts  better  when  mixed  with  hydrochloric  acid  than  when  alone. 

On  the  Antiseptic  Action  of  Salicylic  AM,  see  further  Bbmxoic  acids  (oxY-)(p.  280). 
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Tltvmol  has  been  used  with  good  effect  as  an  antiseptic,  by  Paquet  (Bull.  ghUral 
de  la  tkSrapnUigue,  1868)  in  the  hospitals  of  Paris,  instead  of  the  insufferably  smellins 
carbolic  acid.  Its  antiseptic  power  has  been  compared  with  that  of  carbolic  acid 
(phenol)  by  Peschechonow  (Buss.  Zeitschr,  Pharm.  xii.  609),  who  finds  that  thymol 
retards  the  action  of  saliva  on  starch,  and  much  more  powerfully  that  of  pepsin  on 
albumin.  Its  influence  on  both  these  digestive  fluids  increases  with  the  quantity 
added,  and  is  slightly  superior  to  that  of  phenoL 

On  the  Puriflcation  of  Putrid  Waters  by  the  Boots  of  Living  Plants,  see  Jeannel 
(JjMi.  Ckim,  Phys.  [6],  v.  671). 

On  the  Preservation  of  Fruit,  and  the  Action  of  Antiseptic  and  Toxic  Vapours  on 
Fmit  Fermentation,  see  p.  778. 


The  roots  of  the  male  fern  (Liuirea  FUix  nuUf  Aspidium  Filix  mas), 
^thered  near  Wolmar,  in  April,  July,  ana  October  1874,  have  been  analysed  by 
nnue  lArch.  Pharm.  [3],  ix.  24),  with  the  following  results : 

DitedtttlOCP.  April  Jnly  October 

Moisture  in  the  air-dried  root      .        .        .        15*7  13'4  13*5  per  cent. 

Ashof  roots  dried  at  100^    ....  2*2  2*6  2*6      „ 

Aqueous  extract  (dry) 36-4  26'4  36*8      „ 

Alcoholic  extract,  after  extraction  with  water        27'3  26*1  39*6      „ 

Ethereal  extract 10*3  124  11-6      „ 

Petroleum  spirit  extract      ....  9-3  8*4  9*1      „ 

Amyium 28-2  22*7  16*4      „ 

Tannic  acid,  by  precipitation  with  copper)  ..^  ^  ^  _  ^ 

acetate J  *  **  ®*^  6*»      „ 

Tannic  add,  by  precipitation  with  lead  acetate  9-2  9*8  11*7      n 

Filix-red 6*2  6*9  78      „ 

Gum  and  albumin 6*6  2*3  2*1      „ 


and  rxSXZ-crrAMZIIBS.    See  Cyanidbs  (pp.  611-616). 

•CH=CH— COOH 
vnao  AOZB,  C'^H'^O*  -  C«H«^CH«  (Tiemann  a.  Nagai, 

\0H 
Deut,  Chem.  Oes.  Ber.  ix.  62).    This  acid  may  be  prepared  synthetically  by  digesting 

sodium- vanillin,  0*H^OCH',  with  excess  of  acetic  anhydride  and  ftised  sodium 

\ONa 
acetate  for  four  or   flve  hours   in  an   oil-bath   at  160^-160^,  with   reflux  con- 
denser, treating  the  product  with  water,  and  dissolving  the  viscid  residae  in  ether. 
The  ethereal  solution,    freed  from  simultaneously  formed    aceto-vanillin  by  a^- 
tation    with    acid   sodium   sulphite,    leaves    on    evaporation,    vanillin-coumarm, 

<H=OH 
I    ,  which  may  be  purifled  by  washing  with  alcohol 

and  fr^equent  crystallisation  from  glacial  acetic  acid.  This  compound,  boiled  with 
alcoholic  potash,  is  converted  by  addition  of  BH)  into  ferulic  acid,  which  may  be 
isolated  by  the  usual  methods. 

Femlic  acid  thus  obtained  dissolves  easily  in  alcohol  and  ether,  sparingly  in  cold, 
easily  in  hot  water,  and  may  be  purified  by  crystallisation  from  the  latter.  It  is 
identical  with  ferulic  acid  prepaid  from  asafoBtida,  and  both:  the  natural  and  the 
synthetically  formed  acid  melt  at  168^-169^  not  at  168°-164<»,  as  commonly  stated. 

See  Protkcds. 


fcOXv.  Oramer  assigned  to  this  substance  the  formula  C'^H'N^O*  (Ut 
Swmol.  1024).  Schutsenberger  a.  Bourgeois  (Qnnpt.  rend.  Ixxxi.  1191),  frt)m  a  stody 
of  the  products  obtained  by  boiling  it  with  baryta-water,  have  deduced  a  more  com- 
plex formula,  and  represent  the  decomposition  by  the  following  equation  : 

CTiH»»TN«0»  +  24HH)  =.  oiCHH)*  +  CH«0« 
Fibroin.  Oxalic  add.         Oarbonio 

add. 

+   0-60«H*0«  +   3NH«   +   C"H'«N«'0« 
▲oetio  acid.  ICiztiire  of 

amides. 

£.  Durrwell  (Butt.  Soc.  Chim.  [2],  xix.  447),  by  treating  fibroin  with  sulphuric 
acid,  has  obtained  a  compound  of  the  two  bodies,  the  composition  of  which  has  not 
however  been  determined. 
9ftiSitp.  %  ^ 
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CaO 

ignition. 

9p.Br. 

0-44 

073=  100-36 

3-286 

0-40 

0-62=  10073 

0-38 

0-48=100 

This  mineral  oocors  as  a  psendomorph  after  comndum  at 
Mineral  Hill,  Delaware  County,  Pennsylvania.  The  following  analyses  are  by  Oenth 
{8iU.  Am,  J.  [2],  ix.  77).     1  and  2  nearly  pure ;  3  quite  pure : 

SIO«  A1«0«         Pe"0«  MnO  MgO 

(1.)    37-76        60-27        0*98  —  018 

(2.)    37*62        60-91         094  —  024 

(3.)    37-37        60-62*      0-90         010        0-26 

*  Determined  by  difference. 
See  Fbrn  (p.  785). 

On  the  Action  of  Glass  on  Fire-clays  at  high  temperatures,  see 
Cult  (p.  621). 

On  the  Analysis  of  Fire-clays,  see  S.  Kern  (Chemicai  News,  xzxy.  203 ;  Chem,  8or. 
J.  1877,  ii.  366). 

rzSBTXV.  This  name  was  given  by  Chevreul  to  the  yellow  colouring  matter 
of  Fiset-wood  (the  heart-wood,  separated  from  bark  and  alburnum,  of  a  species  of 
sumach  {Rhus  cotinus).  This  yellow  dye-stuff,  which  crystallises  in  needles,  was 
regarded  by  Bolley  (Bull.  8oc,  Chim.  [2],  ii.  479)  as  identical  with  quercetin,  0"H"0» 
According  to  Koch,  however  (Deut,  Chem,  Ges,  Ber,  v.  286),  fisedn,  when  carefully 
purified  from  a  red  colouring  matter  which  likewise  exists  in  the  wood,  gives  by  analysis 
numbers  agreeing  nearly  with  the  formula  C'^H'^'O',  which  is  confirmed  by  the  com- 
position of  its  acetyl-derivative,  C"H*(C*H*0)*0*.  According  to  this  result,  fisetio 
differs  from  quercetic  acid,  C'^H^'^O'  (v.  3\  by  containing  1  atom  of  oxygen  less. 
When  fused  with  an  alkali  it  yields  a  small  quantity  of  white  needles,  which  give  the 
characteristic  reactions  of  quercetic  acid. 

FZSBB8.  Several  liquids  occurring  in  the  bodies  of  fishes  and  crustaceans, 
have  been  examined  by  Rabuteau  a.  Papillon  (Compt,  rend,  Ixxvii.  186).  The  peri- 
toneal fluid  of  rays,  torpedoes,  and  sharks  was  found  to  contain  a  very  small  quantity 
of  a  peculiar  albuminous  body,  together  with  considerable  quantities  of  methylamine 
and  urea.  The  strongly  acid  gastric  juice  of  the  ray  yields  hydrochloric  acid  when 
distilled,  and  contains  bromine  in  the  form  of  a  metallic  bromiae. 

On  the  Blood  of  the  8ea-^pider,  of  Crabs,  and  of  the  Ray,  see  p.  336. 

On  the  Respiration  of  Fishes,  see  Respiration. 

WltAMMm  LumimosUy  of  Flajne, — Frankland's  experiments  on  the  luminosity  of 
flames  burning  under  high  pressures  (\st  8iq)pl,  486)  have  been  repeated  and  ex- 
tended by  L.  Cailletet  (Conqft,  rend,  Ixxx.  487  ;  Ann,  Chim,  Phys,  [6],  vi.  429),  who 
observed  that  the  flames  of  candles,  sulphur,  potassium^  and  carbon  bisulphide,  but  not 
of  phosphorus,  burned  in  gradually  compressed  air  with  continually  increasing  inten- 
sity of  illumination  up  to  pressures  of  30  to  36  at.  The  chemical  intensity  of  the 
light  also  appeared  to  increase  with  the  pressure,  judging  from  its  increased  activity 
on  phosphorescent  substances.  According  to  V.  Wartha  {J.  pr,  Chem,  [2],  ziv.  84  ; 
Chem.  Soo.  J,  1876,  ii.  376),  stearin  candles  burning  in  air  under  a  pressure  of  1*96 
at.,  lose  from  18  to  17*4  per  cent,  less  than  when  burning  under  oidinary  pressure. 
At  the  higher  pressure  candles  bum  with  a  dull  yellowish-red  smoky  flame,  folly 
twice  as  long  as  that  of  the  same  candles  burning  in  the  open  air.  Candles  burning 
at  a  constant  pressure  of  90  mm.  give  a  large  clear  non-luminous  flame,  consisting  of 
an  inner  bluish-green  cone  surrounded  by  a  violet  stratum,  the  whole  being  enclosed 
by  a  very  faint  violet  mantle.  It  is  worthy  of  note,  that  observations  on  the  burning 
of  candles  under  reduced  atmospheric  pressures  were  made  by  Boyle ;  in  his  account 
of  his  early  experiments  on  the  vacuum,  he  minutely  describes  the  appearance  of  the 
flame  as  seen  under  diminished  pressure  in  the  receiver  of  his  '  new  pneumatieal 
engine.'  The  non-luminosity  of  the  flame  under  low  pressures,  was  suppoised  by 
Frankland  to  be  due  to  the  increased  mobility  of  the  oxygen  molecules  in  the  rarefied 
air,  in  consequence  of  which  they  were  able  to  penetrate  more  freely  into  the  interior 
of  the  fiame.  According  to  Wartha,  the  differences  in  the  illuminating  power  of  the 
fiames  of  candles  and  of  other  conkbustibles  under  varying  pressures,  are  to  be  attri- 
buted to  the  effect  of  the  pressure  on  the  dissociation-point  of  the  burning  substances. 
Pissociation  occurs  at  a  lower  temperature  under  a  high  than  under  a  low  pressure. 
Hence,  when  candles  are  burned  in  air  under  very  high  pressure,  the  dissociation  of 
the  hydrocarbons  takes  place  more  rapidly  than  the  p^ucts  can  be  burned,  and  the 
fiame  becomes  smoky ;  under  reduced  pressure  the  reverse  is  the  case. 

It  is  well  knownthat  even  a  comparatively  small  admixture  of  air  greatly  impairs 
the  illuminating  power  of  coal-gas.  Sillimann  and  H.  Wurts  (8Ul,  Am.  J,  [2],  xlviii. 
40 ;  Jahresb,  1869,  1134)  have  made  a  series  of  observations  on  this  point  with  the 
gas  of  the  Manhattan  Co.  (New  York)  with  the  fbllowing  results : 
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!  Sp.  gr.  of  c(»al  gas 

0-401 

0-392 

0-401 

0-387 

0-387 

0387 

0-387 

0-403 

0-401 

Sp.  gr.  after  ad- 1 
miztaze  of  air  . ' 

0-409 

0-406 

0421 

0-419 

0433 

0-467 

-490 

-525 

05515 

Air  in  100  pts.  of 

coal-gas    . 
Air    in   100  pts.x 

aftar  addition  of 

• 

1-96 

315 

1-60 

1-61 

1-61 

1-61 

1-61 

1-12 

1-61 

301 

4-97 

3-76 

4-61 

6-54 

13*32 

17-79 

21-88 

26.-29 

air    •         •         .' 

Volume  of  added  i 

air   •        .        .) 

1-06 

1-82 

226 

3-00 

4-96 

11-71 

16-18 

20-76 

24-68 

lilnminatang 
power    of  ooal- 
gu  .                .' 

lUnminating 
power  after  ad- 
dition of  air     . 

16-12 

14-67 

14-71 

14*81 

14-81 

14-81 

14  81 

16-09 

14-11 

1 

14-20 

18-27 

12-96 

12-49 

11*28 

8-67 

6-29 

4-09 

2-18 

Loss  in  illominat- 1 
ing  power.        .  t 
Percentage  loss 
Ratio  of  loss  tot 

0-92 
608 

1-40 
•9-64 

1-76 
11-82 

2-32 
16*69 

3-63 
23-83 

6-14 
41-46 

8-52 
6763 

1100 
72-90 

11-93 
84  66 

the    per    cent.  , 
yolnme    of  air 

6-79 

6-24 

6*26 

6-23 

4-83 

8-64 

3-66 

3*60 

3-42 

and  gas     . 
Loss  in  illominat-  \ 

ing  power  for  1 
per  cent,  added 
air    . 

0-723 

0*611 

0-682 

0-666 

0-601 

0-419 

0-378 

0-377 

0-380 

The  burner  employed  was  an  argaiid.  Andooin  and  BArard  have  made  similar 
obserrations  with  a  batswing  burner ;  in  this  case  the  effect  of  the  addition  of  air  was 
more  marked. 

It  has  been  shown  that  a  coal-gas  flame  bnming  in  air  becomes  non-luminons  by 
previous  admixture  with  nitrocen,  hydrochloric  acid,  and  carbcm  dioxide  (Knapp) ; 
carbon  monoxide,  hydrogen  (BloSimann) ;  or  eyen  steam  (Sandow).  These  obseryations 
clearly  indicate  that  the  decrease  in  luminosity  cannot  be  ascribed  solely  to  the  more 
energetic  oxidation  of  the  carbon  contained  in  the  flame. 

Wibel  has  also  shown  {Deut,  Chem,  Ges,  Ber,  viii.  226)  that  when  any  such  mix- 
ture is  strongly  heated  before  it  undergoes  combustion,  it  again  becomes  luminous ; 
hence  he  supposes  that  the  absor^on  of  heat  arising  from  the  admixture  of  the 
chemically  indifferent  gas,  is  the  mam  cause  of  decrease  m  luminosity. 

These  obseryations  haye  been  critically  examined,  and  their  beanng  on  the  theory 
of  the  luminosity  of  hydrocarbon  flames  discussed  by  Heumann  {Lithi^9  Annalm, 
dxxxi.  129 ;  dxxxii.  1 ;  olxxxiii.  102 ;  dxxxiy.  206).  Heumann  has  proyed  that, 
the  luminosity  in  Wibel*s  experiment  is  actually  due  to  the  added  heat,  and  not  to 
any  remote  cause,  such,  as  an  alteration  in  the  rdatiye  proportion  of  coal  gas  and  in- 
different gas,  or  in  the  chemical  nature  of  the  gas  on  heating.  StiU  it  does  not  follow 
that  the  non-luminous  Bunsen  flame  has  a  lower  temperature  than  that  of  an  ordinary 
gas-flame.  The  admixture  of  an  inflammable  gas  haying  a  pyrometric  effect  scarcely 
less  than  that  of  the  coal  gas,  as,  for  example,  carbon  monoxide,  causes  the  flame  of 
the  eoal'f^  to  become  non-luminous.  Hence  it  would  seem  that  the  mere  dilution  of 
the  bummg  gas  plays  an  important  part,  and  may  of  itself,  independently  of  any 
absorption  of  heat^  cause  a  diminished  luminosity.  Heumann.  concludes  uat  there 
are  at  least  three  causes  capable  of  decreasing  the  luminosity  of  flames ;  vis.  with- 
drawal of  heat»  dilution,  and  oxidation  of  the  luminous  material.  Li  most  cases,  two 
at  least  of  these  causes  are  concerned ;  in  the  flame  of  the  Bunsen  lamp  all  three  are 
at  work. 

If  the  flame  of  a  candle,  or  of  coal-gas  be  closely  examined,  it  will  be  seen  that 
the  one  does  not  touch  the  rim  of  the  burner,  nor  the  other  the  wick  (Blochmann, 
Lielng's  Jnmalen,  dxyiii.  846).  The  intermediate  space  in  the  case  of  coal-gas  may 
be  increased  by  mixing  it  with  an  indifferent  gas,  as^  nitrogen  or  carbon  dioxide. 
These  phenomena  are  due  to  the  cooling  effect  of  the  wick  or  the  burner.  Wheneyer 
a  cold  object  touches  a  flame,  a  dividing  space,  similar  to  that  noticed  between  flame 
and  burner,  is  observed,  in  siae  dependent  on  the  coldness  of  the  object,  or  its  specific 
heat^  and  the  dilution  of  the  burning  gas.  A  thick  metallic  wire  brought  into  a 
flame  diluted  with  carbon  dioxide,  causes  a  clear  •pace  around  itself,  which  increases 
with  tb0  pxoportiOD  of  the  indiilbrent  g^    Tbie  mi\i!&Ti%  %3ba  Vsinsim  VioA  ^bsbaXko^* 
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perature,  by  diffiising  the  heat  needed  to  m^ntain  a  given  quantity  of  the  coal-gas  in 
a  state  of  oombnstion  throughout  a  greatly  increased  volume  of  gas.  If  the  temper- 
ature of  the  flame  is  already  low,  the  further  decrease  resulting  fSpom  the  introduction 
of  the  cold  object  suffices  to  cool  a  comparatively  large  extent  of  gas  below  the  igni- 
tion-point, ana  hence  to  extinguish  the  flame  in  the  cooled  space. 

If  the  gas  issues  under  great  pressure,  the  space  between  the  flame  and  burner  is 
considerably  enlaiged,  often  to  a  distance  or  several  decimeters.  Aeooiding  to 
Benevides  (Ann,  Chim,  Phya.  [4],  viii.  368),  this  cold  dark  space  is  due  to  the 
mechanical  action  of  the  issuing  gas,  in  consequence  of  which  the  air  is  driven  aside 
from  the  orifice  of  the  burner,  and  prevented  &om  mixing  with  the  gas  in  soflicient 
quantity  to  render  the  mixture  combustible.  A  flame  brought  near  to  the  dark  space 
is  carried  along  by  the  gas  stream.  On  bringing  a  wire  into  the  flame  and  moving  it 
into  the  dark  space,  the  flame  follows  the  wire  towards  the  burner,  but  on  withdraw- 
ing the  wire,  the  flame  returns  to  its  original  position.  The  production  of  this  daik 
space  is,  however,  to  be  traced  rather  to  the  cooling  action  of  the  gas  and  air-stream, 
and  to  the  circumstance  that  the  velocity  of  the  gas  stream  in  the  neighbourhood  of 
the  burner  is  greater  than  the  rate  of  propagation  of  ignition  within  the  gaseous 
mixture. 

Heumann  has  also  investigated  the  effect  of  the  material  of  the  burner  on  the 
illuminating  power  of  a  coal-gas  flame,  and  finds,  contrary  to  the  conclusion  of  the 
Board  of  Trade  Commission,  that  a  notable  diminution  of  light  intensity  is  caused  by 
the  employment  of  metallic  burners  as  compared  with  those  of  steatite ;  he  has  also 
shown  that  by  considerably  raising  the  temperature  of  the  issuing  gas  and  of  the 
burner,  a  marked  increase  in  luminosity  is  effected,  due  to  the  earlier  separation  of 
carbon  particles  in  the  fiame,  and  not  to  any  change  in  the  chemical  composition  of 
the  gas  itself.  Burners  have  been  constructed  in  which  the  temperature  of  the  gas  is 
raisttl  before  combustion,  but  they  are  of  little  practical  benefit  if  the  heat  is  derived 
from  the  luminous  fiame  itself. 

Hitherto  very  little  distinction  has  been  drawn  between  the  light  effect  of  the 
whole  fiame,  and  the  intensity  of  light,  i.e.  the  quantity  of  light  emitted  by  the  various 
constituent  parts  of  the  fiame.  On  the  assumption  that  the  light  emitted  by  the 
luminous  constituents  is  the  same  in  the  different  parts  of  the  flame,  the  light  effect 
is  equal  to  the  product  of  the  intensity  of  light  into  the  volume  of  the  flame. 
Heumann  suggests  that  measures  of  the  light-intensity  might  be  obtained  by  allow- 
ing the  rays  to  pass  through  a  small  accurately  measured  opening  in  a  shade,  placed 
between  the  flame  and  the  diaphragm  of  the  photometer. 

There  can  be  little  doubt  that  the  luminosity  of  a  hydrocarbon  flame  is  due,  as 
Davy  supposed,  to  the  presence  of  incandescent  solid  carbon.  Stein  has  pointed  out 
in  reference  to  Frankland's  hypothesis  that  the  illuminating  power  is  due  to  dense 
hydrocarbons  within  the  flame,  that  if  the  soot  be  present  as  vapour  in  luminous 
flames,  a  high  temperature  after  condensation  should  again  cause  it  to  assume  the 
gaseous  condition,  but  soot  is  absolutely  non-volatile  even  at  the  highest  temper- 
atures. Moreover,  the  amount  of  hydrogen  which  it  contains  does  not  exceed  0*9  per 
cent.  Heumann  has  advanced  the  following  proofs  of  the  presence  of  solid  carbon  in 
luminous  hydrocarbon  flames. 

(1.)  Chlorine  catues  an  increase  in  the  luminosity  of  f eehly-Utiminous  or  non-lumk- 
nous  hydrocarhon  flames.  Since  chlorine  decomposes  hydrocaKK>ns  at  a  red  heat,  with 
separation  of  carbon,  it  follows  that  the  increase  in  luminosity  is  due  to  the  production 
of  solid  carbon  particles. 

^2.)  A  rod  held  in  the  luminous  flame  soot  becomes  covered  on  its  lower  surface,  i.e.  the 
surface  opposed  to  the  issuing  gas,  with  a  deposit  of  soot.  The  solid  soot  is  driven  against 
the  rod.  If  the  soot  existed  as  vapour  within  the  luminous  flame,  its  deposition 
would  be  due  to  a  diminution  of  the  temperature  of  the  flame,  and  would  uerefbro 
occur  on  all  sides  of  the  rod. 

f 3.)  A  strongly  heated  surface  also  becomes  covered  with  a  deposit  of  soot.  This 
result  could  not  occur  if  the  deposit  were  due  to  the  cooling  action  of  the  surface. 

(4.)  7%e  carbon  ^articles  in  the  luminous  flame  are  rendered  visible  when  the  flame 
comes  in  contact  with  another  flame,  or  with  a  heated  surfoce.  The  separated  particles 
are  agglomerated  into  larger  masses,  and  the  luminous  mantle  becomes  filleowith  a 
number  of  flowing  points,  giving  a  very  coarse-grained  soot. 

(6.)  The  transparency  of  a  luminous  flame  is  no  greater  than  that  of  the  approxi- 
mately equally  thick  stratum  of  soot,  which  rises  from  the  flame  of  burning  turpentine, 
and  which  is  universally  allowed  to  contain  solid  particles.  The  luminous  flame  of 
hydrogen,  containing  solid  chromic  oxide,  is  as  tramq>arent  as  the  hydrocarbon 
flame.  -^ 

^6.)  Flames  which  undoubtedly  owe  their  luminosity  to  finely  divided  solid  matter, 
produce  characteristic  shadows  in  sunlight.    The  only  luminous  flames  incapable  of 
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luciiiff  shadows  are  those  consisting  of  glowing  yapours  and  gasee.  lAtminous 
irSou  flames  prodvee  strongly  marked  shadows  in  sunlight :  these  flames,  there- 

3,  contain  finek/  divided  solid  matter.  77Us  solid  matter  must  be  carbon,  since  no 
other  substance  capable  of  remaining  solid  at  the  temperature  of  these  flames  is 
present, 

Bunsen-lamp  flame. — The  nature  of  the  chemical  changes  occnrring  in  the  non- 
luminons  flame  of  the  Bonsen  lamp,  has  been  studied  by  Blochmann  {LiSng's  Jnnalen, 
dxviii.  296).  Bj  methods  similar  to  those  already  adopted  by  Landolt  and  Hilgard 
in  the  case  of  Inminons  flames  (i.  1094),  he  has  traced  the  gradual  alteration  in  the 
composition  of  the  mixture  at  different  points  in  the  internal  area,  viz.,  at  25  mm. 
and  50  mm.  aboye  the  opening  of  the  tube,  and  in  the  flame  itself  at  a  distance  of 
75  mm.  aboye  the  tube.  The  &me  was  120  mm.  high,  and  the  point  of  the  inner  zone 
was  from  55  to  60  mm.  from  the  end  of  the  tube.  The  coal-sas,  which  yaried  but 
slightly  in  composition  in  the  course  of  the  observations,  issued  under  a  pressure  of 
12  mm.,  and  was  mixed  with  air  in  the  tube  in  the  proportion  of  28'26  yols.  of  gas 
to  71*74  yols.  of  air,  or  slightly  more  than  2}  yols.  of  air  to  1  of  gas.  The  percentage 
composition  of  the  gases  drawn  from  the  various  points  is  given  in  the  following 
table : 


H 

CH* 

CO 

cm* 

C*H» 

0 

N 

co« 

HH) 


Mixtnrain 
tiietabelO 
mm.  bdow 
the  open- 
ing 


13-74 

1102 

0-80 

1-13 

0-85 

14-88 

56-47 

0-21 

0-90 


Above  opening 


25  mm. 


9-68 

10-78 

0-68 

0-90 

0*66 

13-85 

59-58 

0-93 

8-14 


00  mm. 


4-84 
7-64 
2-99 
0-60 
0*44 
5-92 

61-66 
3-55 

13*66 


70  mm. 


2-80 
0-99 
2-21 


66-55 

7-25 

20-20 


From  the  percentage  volume  of  nitrogen  in  the  gaseous  mixture,  the  proportion  of 
admixed  air  and  the  contraction  resulting  from  the  combustion  are  readily  calculated. 
The  results  thus  arrived  at  are  contained  in  the  following  table : 


In  the  tuba 

36  mm. 

00  mm. 

70  mm. 

Gompleta 
comoQs* 

Amount  of  air  mixed  with  100  vols,  of  gas 

• 

tion 

SU*9 

2M'7 

S84-0 

484-S 

«08-8 

H .        •        •        •        •        .        . 

48-6 

86-4 

17*7 

161 

_ 

CH*       .        .        .        . 

890 

401 

28-0 

5-7 

__ 

CO        .... 

2-9 

2-2 

19*9 

12-7 

_^ 

CH* 

40 

3*4 

2*2 

—. 

._ 

C*H« 

3-0 

2*5 

1-6 

_ 

__ 

0  .        .        .        . 

52-7 

52*0 

21-7 

^— 

__ 

N 

199*8 

223*8 

225-9 

382-4 

482-3 

C0«       .        .        .        .        . 

0-8 

3-5 

13-0 

41-7 

62*4 

fl«0 

31 

11-8 

45-8 

116-1 

141*2 

353-9 

375*7 

3698 

574-7 

685*9 

Contraction    ..... 

90 

14*7 

10-1 

22*9 

Of  the  two  combustible  gases  of  which  coal-gas  is  chiefly  composed,  namely, 
marsh-^  and  hydrogen,  the  hydrogen  is  the  first  to  bum  :  the  effect  of  this  is  seen 
in  its  diminished  proportion  in  the  gases  at  25  mm.  and  50  mm.  above  the  tube.  The 
cause  of  this  rapid  diminution  in  the  proportion  of  the  hydrogen,  is  to  be  ascribed 
mainly  to  the  greater  diffusive  power  of  that  gas,  to  its  lower  ignition-point,  and  to 
its  greater  rapidity  of  inflammation  as  compared  with  marsh-gas.  It  is  known  that 
a  red-hot  wire  causes  the  combination  of  a  mixture  of  oxygen  and  hydrogen,  whereas 
it  has  no  effect  on  a  mixture  of  marsh-gas  and  oxygen.    The  rate  of  the  oombujitioa 
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of  the  hydrogen  veij  rapidly  diminishes  as  its  pio[>Qrtion  decreases,  and  that  of  the 
marsh-gas  increases.  At  a  height  of  75  mm.,  that  is,  at  abont  one-third  of  the  dis- 
tance between  the  top  of  the  inner  zone  and  the  visible  limit  of  the  flame,  the  amount 
of  the  marsh-gas  is  only  atioat  one-third  of  that  of  the  hydrogen.  The  increased  ratio 
of  the  hydrogen  is  probabljr  dne  to  the  high  temperature  of  this  part  of  the  flame : 
the  temperature  of  combustion  of  the  marsh-gas  in  air  is  high  enough  to  prevent  the 
complete  combustion  of  the  hydrogen,  or,  what  comes  to  the  same  thing,  is  sufficiently 
high  to  dissociate  yapour  of  water  ahvady  formed.  To  the  large  proportion  of  carbon 
monoxide  present  in  the  neighbourhood  of  the  inner  cone,  is  due  the  wdl-known 
reducing  aeti3n  of  this  portion  of  the  flame. 

In  the  combustion  of  the  coal- gas  a  considerable  contraction  of  yolume  occurs : 
708'8  vols,  of  air  and  gas  give  only  686*9  vols,  of  combustion-products.  On  the 
whole,  the  rate  of  the  contraction  goes  on  increasing  with  the  height  of  the  flame,  but 
at  75  mm.  a  sudden  break  in  the  continuity  of  the  rate  is  manifest  This  is  owing  to 
an  increase  in  the  yolume  of  the  still  unbumt  gas  due  to  the  decomposition  and  partial 
oxidation  of  the  hydrocarbons :  €.g.t  1  yol.  of  ethene  with  1  yol.  of  oxygen  gives  2 
vols,  of  carbon  monoxide  and  2  vols,  of  free  hydrogen. 

Blochmann  has  also  analysed  the  gases  present  in  the  extreme  outer  edge  of  the 
flame :  these,  of  course,  consist  of  water* vapour  and  carbon  dioxide  mixed  with  oxygen 
and  nitrogen. 

The  results  are  contained  in  the  following  table : 


Height  from 
burner,  mm. 

CO* 

H^) 

0 

N 

CO- 

10 

3-30 

14*36 

8-29 

7405 

4*35 

20 

8-49 

14*95 

7-95 

73*61 

4-29 

30 

4-07 

14*68 

8-31 

72*94 

3*63 

40 

3-95 

12-90 

8-94 

74*21 

3*27 

50 

3-64 

11*22 

10-03 

75*11 

3*08 

60 

3-92 

11*02 

9*72 

75*34 

2-81 

70 

4-35 

10-82 

9-20 

75*63 

2*49 

80 

4-91 

10*73 

8*92 

75*44 

2*18 

90 

6-38 

10*72 

8-60 

75*30 

1*99 

100 

5-78 

10*81 

7-76 

75*70 

1*89 

110 

6-58 

10-97 

6*61 

75*84 

1*67 

120 

7-18 

1114 

6-17 

75*51 

1-55 

These  numbers  also  serve  to  indicate  that  the  greater  portion  of  the  hydrogen  present 
in  the  coal-gas  is  consumed  in  the  lower  parts  of  the  flame.  The  greatest  proportion 
of  the  water-vapour  is  formed  in  the  lowest  quarter  of  the  flame ;  it  then  gradually 
decreases  up  to  a  height  of  about  90  mm.,  aftisr  which  it  slowly  increases.  On  the 
other  hand,  the  proportion  of  carbon  dioxide  suffers  a  pretty  steady  increase  with  the 
height  of  the  flame. 

The  comparatively  large  proportion  of  burnt  gases  near  the  base  of  the  flame, 
when  connected  with  the  facts  that  a  space  exists  between  the  burner  and  the  base  of 
the  flame,  and  that  the  inner  and  outcor  cones  meet  at  that  point,  seems  to  indicate 
that  a  portion  of  the  gas  has  time  to  form  an  explosive  mixture  with  the  external 
air,  which  ignites  as  a  whole  when  its  temperature  is  raised  sufficiently  high. 

Blochmann,  moreover,  has  determined  the  amount  of  the  products  of  combustion 
in  the  atmosphere  immediately  surrounding  the  flame,  drawn  at  a  distance  of  10  mm. 
from  the  edge.  Below  a  distance  of  20  or  25  mm.  from  the  opening  of  the  tube,  not 
a  trace  of  the  products  can  be  found :  it  is  only  at  a  height  of  about  30  mm.  that 
these  become  perceptible.  The  ratios  in  the  fourth  column  of  the  following  table, 
afford  additional  proof  that  the  free  hydrogen  bums  proportionately  faster  than  the 
hydrocarbons ;  at  a  height  of  60  mm.,  and  upwards,  the  ratio  of  water-vapour  and 
carbon  dioxide  becomes  constant,  and  almost  identical  with  that  given  by  the  com- 
plete combustion  of  the  gas,  showing,  therefore,  that  the  maiginal  portions  of  the 
coal-gas  are  completely  consumed. 
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Yertioftl  iMiffat  from 
opening  of  toba 

Vapour 

CX)" 

H«0 

20  mm. 

30 

40 

60 

60 

70 

80 

90 
100 
110 
180 

006 

0-77 
114 
1-73 
1-90 
242 
8-71 
2-40 
2-70 
2-90 
2-74 

0-00 
016 
0*40 
0-63 
0-76 
1-06 
1-37 
0-91 
110 
118 
1*30 

4*8 
2*8 
2-7 
2-5 
2*3 
2-7 
2*6 
2-4 
2*6 
2*1 

100  xiAb.  of  gas  giT6 

137-79  vols. 

62*62  vols. 

23 

The  feeble  Inminositj  of  the  Bnnsen  flame  is  due  to  a  number  of  causM :  (1)  to  a 
rapid  oxidation  of  Inmimferous  material  to  gases  of  feeble  illaminating  power  by  the 
oxygen  in  the  admixed  air ;  (2)  to  the  presence  of  dilating  gases,  irhich  of  themselTes 
reduce  the  Olominating  power ;  and  (3)  to  the  heat  withdrawn  by  the  indifferent 
gases,  as  nitrogen,  and  the  prodocts  of  combustion,  carbon  dioxide,  and  water.  The 
loss  of  luminosity  is  not  due  to  any  one  of  these  causes  acting  singly.  A  flame  of 
mixed  ooal  gas  and  air  has  a  higher  temperature  than  that  of  tiie  undiluted  coal  gas, 
but  it  requires  a  still  higher  temperature  in  order  that  a  separation  of  carbon  shall 
occur. 

When  the  volume  of  gas  passing  up  the  tube  is  small,  there  is  great  risk  that  the 
least  draught  of  air,  by  interfering  with  the  flow  of  the  gas,  or  by  mixing  with  it  in 
sufficient  amount  to  create  an  ezpTosive  mixture  issuing  at  a  less  rate  than  that  of  its 
propagation  of  combustion,  may  cause  the  flame  to  retreat  down  the  tube  and  bum  at 
the  bottom,  with  the  production  of  disaereeably-smellin^  gaees  arising  from  imperfect 
combustion.  The  nature  of  the  gases  uius  formed  withm  the  tube  has  been  studied 
by  Blochmann,  whose  results  are  seen  in  the  following  table  (lAebtf$  AnnaUn,  173, 
180): 


H 

Gaseons  miztore 

Before  tbo  oombiuUon 

After  the  combustion 

19*91 

914 

CH* 

14*82 

18*49 

CX) 

2*26 

4*64 

C»H« 

« • 

0*76 

cm* 

1-67 

0*63 

OH* 

1*20 

0*26 

N 

46-54 

46*54 

0 

12*26 

— 

C0« 

0*45 

302 

H«0 

1*00 

17*83 

100-00 

95*80 

Contraction  . 

•  • 

4  20 

When  the  flame  bums  at  the  bottom,  a  very  much  smaller  (quantity  of  air  PMses 
into  the  tube :  in  the  case  cited,  58*9  vols,  of  air  wore  mixed  with  41-6  vols,  of  gas. 
On  comparing  the  composition  of  the  gas  b«^fore  burning  with  that  remaining  after 
partial  combustion,  it  is  seen  that  the  proportion  of  marsh-gas  is  but  very  slightly 
diminished,  whereas  about  half  the  hydrogen  has  disappeared,  and  with  the  decrease 
of  the  hydrogen  there  is  a  proportionate  increase  in  the  amount  of  water-vapour. 
The  oleflnes  have  decreased,  whereas  the  carbon  monoxide  is  more  than  doubled  in 
quantity,  and  there  is  a  certain  amount  of  acetylene  formed.  To  the  carbon  monoxide 
and  acetvlene  is  doubtless  due  the  extremely  disagreeable  elFect  of  the  partially 
consumed  gas  (see  also  Thorpe,  Cktm.  8oc,  J,  1877,  i.  627). 
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V&AVOCOBJL&T.    See  Cobalt  Ammonias  (p.  644). 

See  TBioxTA2«THRAQniiroirB8  (p.  1 1 1). 

The  fibres  of  New  Zealand  flax  may  be  distmgnished  from  those  of 
ordinary  fiax  and  of  hemp,  by  steepine  the  tissue  under  ezaminatioii  for  a  fsw  hoan 
in  the  aqueous  solution  of  an  anilme^ye,  and  washing  it  with  water.  The  ftbns  of 
New  ZedAnd  flax  are  then  found  to  be  dyed  a  deep-red,  while  those  of  oommon  flax, 
hemp,  &C.,  remain  white.  This  difference  is  particularly  oonspicnons  after  washiof 
the  stuff  with  soap-water  (£.  Fitzebert^  Bull.  Soo.  Chim,  [2],  xxL  545). 


Tesiwg, — ^To  detennine  whether  flour  is  spoiled  or  not,  Waaklyi 
(Pharm,  J.  Trans,  [3],  iii.  827)  exhausts  it  with  cold  water.  Good  floor  eootains  bit 
little  dextrin  or  sugar,  and  consequently  its  aqueous  extract  when  evapofated  will 
leave  but  a  very  insignificant  residue  compand  with  that  of  spoiled  toait  whiek 
contains  a  large  quantity  of  these  soluble  substances.  100  parts  of  sound  flour  yitld 
about  4'7  of  extract,  whereas  spoiled  flour  yields  from  12  to  18  pts. 

The  presence  of  bean-flour,  or  the  flour  of  other  leguminous  seeds  in  wheat-flov, 
may  be  detected  by  mixing  the  flour  with  water  to  a  thin  paste,  kneading  it  uodUr 
water,  leaying  the  starch  to  settle,  then  evaporating  the  liquid  on  the  water^bath  to  i 
scum,  and  mixing  the  filtrate  with  acetic  acid :  legumin,  if  present^  will  than  espaisU 
as  a  precipitate  soluble  in  ammonia.  Leguminous  flour  may  also  be  reeognised  lij 
microscopical  observation,  and  by  the  mudi  laiger  amoont  of  ash  which  it  yields  wImb 
burnt  (Diez,  N.  Jahrb,  Pharm,  xxxix.  3). 

Beteetion  and  Estimaium  cf  Alum  in  Flour. — ^For  quantitatiTe  eetimation«  Waaklyi 
{loc.  cU.)  uses  at  least  100  grams  of  flour ;  incinerates  it  in  a  stream  of  ozygea ;  sad 
treats  the  ash,  not  with  hydrochloric  or  nitric  acid,  but  with  a  weighed  quantity  of 
strong  sulphuric  acid ;  heats  the  moistened  mass  till  the  sulphuric  acid  besias  to 
eraporate ;  mixes  it  with  a  little  water  and  a  weired  quantity  of  caostiepotau ;  sad 
precipitates  the  alumina  from  the  solution  with  ammonium  chloride.  Toe  object  of 
weighing  the  reagents  is  to  take  account  of  any  small  quantity  of  alumina  thit  my 
be  contained  in  them. 

Wanklyn  also  points  out  that  sulphuric  add  always  appears  in  the  ash  of  flour, 
being  formed  during  the  incineration  from  the  gluten,  wmch  contains  about  1  par 
cent,  of  sulphur ;  and  that  consequently,  for  the  detection  of  alum  in  fUmr  and  bread, 
it  is  of  no  use  to  determine  the  amount  of  sulphuric  acid  in  the  ash,  the  incnase  m 
the  amount  of  this  constituent  caused  by  this  adulteration  being  too  amall  to  yield 
any  definite  result.  It  is  better  to  exhaust  the  flour  with  cold  water,  separate  the 
gluten,  and  test  for  sulphuric  acid  in  the  filtrate  (Analyst,  i.  14). 

The  presence  of  alum  in  flour  ma^  also  be  detected  by  mixing  60  grams  with  50 
c.c.  of  water,  0*5  c.c.  of  logwood  solution,  and  6  cc  of  aqueous  ammonium  carbonsta 
If  alum  is  present  even  in  the  proportion  of  1  pt.  in  10,000,  the  colour  of  the  emolsbi 
will  be  changed  from  pink  to  lavender-blue  (J.  C.  Bell,  Analyst,  ii.  28).  See  ids» 
Alums  (p.  67  of  this  volume). 

On  the  Detection  qf  Mineral  Substances  in  Flour,  see  Vohl  (Bent.  Ckem.  Gss.  Bar. 
ix.  1660 ;  Chem.  8oo.  J.  1877,  i.  753). 

On  Explosions  in  Flour-mills,  see  p.  767. 

VZiO^irXRS.  The  quantity  of  sugar  contained  in  the  petals  of  flowers  has  bees 
determined  by  J.  Boussingault  {Compt.  rend.  Ixxxiii.  978).  The  petals  were  careftilly 
separated,  and  the  soluble  matter  extracted  by  a  given  volume  of  water,  the  noa- 
saocharine  matter  being  eliminated  by  the  addition  of  basic  acetate  of  lead  In  the 
following  table,  column  I  gives  the  percentage  of  dry  matter  in  the  petals  (the  leavoi 
of  these  plants  were  also  examined) ;  column  II  gives  the  percentage  of  sugar  (in  the 
petals  in  their  natural  state)  capable  of  reducing  copper  solution ;  ^iwwti  in  the 
percentage  of  invertible  sugar,  roducing  the  copper  solution  only  after  treatment  with 
acid. 

I  n  m 

lily  petals 12-0  2*60 

„    leaves 16*0  2*75 

Oleander  petals 16*0  2*72 

„        leaves 26*5  2*46  traces 

Portulacca  flowers 100  4*42  0*65 

,,        leaves 5'6  1*27  0*20 

Acacia  peUls 130  3*80  0  00 

Gum  acacia  petals          .        .        .        .17*0  1*46  1*13 

Kbododeudiou  ^talfi      ....      8*0  2*20  0*60 

Magnolia  peta'^ ^Vb  \AK^  <ir%j^ 

„       \ea.vea ^^'^            V^«k  VjA^ 


FLUID  CAVITIES— FLtJOBORIC  ACIl).  70'^ 

I 

Orange  petals 21*0 

9,      whole  flowers    .        .                 .  22  0 

M      leaves 280 

Snap-dragon  petals  .14*0 

lime  flowers 25*0 

„     leaves 33*0 

Bose  petals 13*0 

• 

When  exposed  to  the  air  after  separation  from  the  plant,  the  flowers  lose  their  . 
soffar,  absorbing  o^gen  and  exhaling  carbon  dioxide ;  but  this  action  takes  place 
omy  while  thej  are  m  their  normal  st^e,  and  ceases  entirely  when  they  are  dried. 


n 

III 

fioo 

060 

411 

0-94 

traces 

1-30 

4-83 

212 

0-54 

0*27 

1*08 

1-91 

3-40 

traces 

V&UIB  OAVZTZB8  IV  MZVa&A&S.  W.  N.  Hartley  (^Chem.  8oo.  J.  1876, 
i.  137 ;  ii  237;  1877»  L  241)  has  examined  the  liqmds  enclosed  in  several  minerals, 
especially  quarts  and  topaa.  The  character  b^  which  the  natore  of  these  liquids  can 
be  most  esiinly  recognised  is  the  '  critical  point,'  that  is  to  say,  the  temperature  at 
which  the  liquid  is  converted  into  vapour  within  the  cavity,  and  disappeara.  To 
determine  this  tempentore,  a  section  of  the  mineral  is  immersed  in  water  at  various 
temperatures^  and  brought  as  quickly  as  possible  under  the  microscope.  In  this 
manner  many  endosed  l^uids  were  found  to  pass  into  vapour  at  30*75''-31^,  which, 
as  shown  by  Andrews  (1st  Sufpl.  402),  is  the  critical  point  of  carbon  dioxide.  In 
certain  specimens  of  sapphire  and  topas,  the  critical  point  was  2  or  8  degrees  lower, 
which,  as  also  appean  horn  the  experiments  of  Andrews,  may  be  referred  to  the 
simultaneous  presence  of  an  unoond^isable  ^[as,  most  pobably  nitrogen,  which  was 
long  ago  recognised  by  Davy  as  occurring  in  mineral  cavities.  In  quartz,  on  the 
contrary.  Hartley  has  observed  a  raising  of  the  critical  point  (as  high  as  33^),  a  result 
which  may  be  attributed  to  the  presence  of  a  gas  of  lower  tension  at  a  given  tem- 
perature. It  cannot  be  ascribed  to  the  presence  of  water,  since  at  31^  and  the  high 
pressure  which  must  exist  within  the  cavi^  (that  of  carbon  dioxide  at  28*8®  being 
upwards  of  70  atmospheres),  the  tension  of  water-vapour  is  practically  nothing.  On 
the  other  hand,  the  raising  of  the  critical  point  of  carbon  dioxide  in  these  cases  may 
be  most  probably  attributMl  to  the  presence  of  hydrogen  chloride,  as  this  com- 
pound has  been  actually  observed  bv  Sorby  and  Hartley  to  occur  in  mineral  cavities, 
and  according  to  the  experiments  of  Davy  and  Faraday  it  has  in  the  liquid  state  at 
10*6^  a  vapour-tension  df  40  atmospheres,  that  of  carbon  dioxide  at  the  same  tem- 
perature being  equal  to  60  atmospheres. 

In  topazes  the  enclosed  liquid  often  consists  of  water.  Supposing  that  topaz  has 
been  proiduced  by  the  action  of  alkaline  fluorides  on  kaolin,  the  non-occurrence  of 
carbon  dioxide  in  cavities  of  it  quite  full  of  liquid  is  easily  explained.  Some  topazes 
contain  cavities,  one  of  which  is  completely  fllled  with  liquid  carbon  dioxide,  while  in 
another  one-third  of  the  space  is  fllled  with  water,  another  third  with  liquid  carbon 
dioxide,  and  the  remainder  with  gaseous  carbon  dioxide,  the  space  occupied  by  this 
gas  having  been  left  bjr  the  condensation  of  the  aqueous  vapour.  In  these  cases  it  is 
supposed  that  the  critical  temperature  of  the  water  has  not  been  attained,  as  oUier- 
the  contents  of  neighbouring  cavities  would  be  similar. 


CaffUies  mi  Socks, — ^A  large  number  of  sections  of  granite  and  porphyry  were 
examined,  and  in  nearly  all  of  them  cavities  were  found  containing  water. 

Qas-bubbUs  dmssr  than  Water. — ^When  a  mineral  having  cavities  containing  water 
together  with  a  ^a»-bubble  is  heated,  the  bubble  is  observed  to  sink  in  the  liquid, 
the  gas,  which  is  already  under  strong  pressure,  being  further  condensed  by  the 
vaporisation  of  the  water,  and  so  ultimately  becoming  denser  than  the  water  itself. 

Crystol-shaped  CavUies. — Cavities  in  crystals  are  often  disposed  symmetrioally  round 
the  axis.  A  bervl,  for  example,  exhibited  cavities  in  the  shape  of  tubes  lying  parallel  to 
the  six  faces  of  the  prism.  In  a  hexaaonal  prism  of  quartz  the  cavities  were  of 
irregular  shape,  but  so  disposed  round  we  i^cipal  axis  that  they  were  evidently 
caused  by  indosures  of  water  during  successive  p;rowth8  of  the  ciystaL  Generally 
spealdng,  the  cavities  themselves  are  irregular  m  form  and  mora  or  less  rounded ; 
espedally  is  this  the  case  in  crystals  ardncially  formed :  but  in  certain  cases  the 
cavities  ara  not  only  angular,  but  take  the  form  of  the  orstals  in  which  they  are 
enclosed  so  exactly,  that  each  side  of  each  cavity  is  parallel  to  a  flice  of  the  crystaL 
This  is  seen  in  quarts  porphyry  from  Arran ;  in  granite  from  the  Moume  Mountains ; 
in  Aberdeen  granite ;  in  the  granite  frt>m  Tudyvan,  Cornwall ;  and  in  quartz  from 
Snowdon. 

rJbUOMOMXO  iiCZJ»  (so-called).    See  Bo&ois  ij^.  ^\^'^. 
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C«H\ 
r&iroRAirrHws,  C'»H»*=  I      ^CH-CH  ^.^^  ^    q^^,,,^  j^^^ 

C«H« CH 

AnnaUn,  cxciii.  142).    This  hydrocarbon,  intermediate  between  pheaanthrene  (C"H**). 
and  pjrrene  (C'^H'"),  and  related  to  fluorene  (C"  H'*)  in  the  same  maimer  as  pheoan- 
thrcne  to  diphenyl,  occurs,  together  with  pyrene,  in  the  solid  hydrocarbons  which 
separate  from  the  last  portions  of  the  distillate  obtained  in  boiling  ooal-tar  down  to 
coke.    To  separate  it,  the  brownish-yellow  press-cake  containing  these  hydzocarboai 
is  once  recrystallised  from  alcohol,  to  separate  the  more  soluble  and  greasy  oonstitaenti, 
then  redissolved  in  alcohol,  and  the  solution  is  mixed  with  an  alooboiic  solatioD  oC 
picric  acid,  which  throws  down  a  very  copious  brownish-red  precipitAte,  or  if  the 
solutions  are  somewhat  concentrated,  causes  them  to  solidify  completely  to  a  crystaUiae 
pulp,  consisting  chiefly  of  pyrene-picric  add.    The  fluoranthene  is  also,  for  Uie  moA 
part,  carried  down  in  the  form  of  a  picric  acid  compound,  unless  the  solntioD  is  tctj 
dilute,  in  which  case  the  greater  part  of  it  remains  in  the  liquid.     To  separate  Um 
two  hydrocarbons,  the  precipitate  is  sereral  times  recrystallised  from  alcohol,  sad 
the  more  soluble  crops  of  crystals,  if  their  melting  points  are  considerably  lown  thas 
that  of  pyrene-picric  acid,  are  collected  apart  Further  quantities  of  these  lower-OMltisc 
compounds  are  obtained  by  draining  the  liquid  from  the  precipitate,  and  disf.illtng  oF 
the  greater  part  of  the  alcohol.    These  more  soluble  ^ups  of  crystals  are  then  it- 
crystallised  from  a  rather  large  quantity  of  alcohol,  till  pyrene-picric  acid  no  longer 
separates  fiH>m  the  solutions,  which  are  then  decomposed  by  ammonia.     The  hjdn- 
carbon  thus  obtained  (m.  p.  113^-116®)  still,  however,  contains  a   small  ^nantil^of 
pyrene.  A  similar  mixture,  poor  in  pyrene,  is  obtained  when  pyrene-picric  acid,  poruM 
as  completely  as  possible  by  repeated  crystallisation  from  alcohol,  is  decomposed  hf 
ammonia,  and  the  precipitated  pyrene  crystallised  fh>m  a  large  quantity  ox  alcohol 
The  first  crops  of  crystals  then  consist  of  pure  pyrene,  but  the  last  mother-liqiMa 
yield  large  shining  laminse  (m.  p.  116^),  consisting  of  a  mixture  of  pyrene  and  ms- 
anthrene.    For  further  purification,  the  mixture  of  the  two  hydrocarbons  is  freed  m 
far  as  possible  from  pyrene  by  recrystallisation,  then  recombined  with  picric  acid,  tk 
resulting  compound  again  subjected  to  firictional  crystallisation,  &c ;  and  by  tUi 
somewhat  tedious  process  a  picric  acid  compound  is  at  length  obtained,  which  mdti 
at  182^-183^,  and  is  much  lighter  coloured  tmin  the  pyrene-picric  acid  which  does  not 
melt  below  222®.    From  this  compound  the  hydrocarbon  is  separated  by  ammooii, 
and  finally  purified  by  crystallisation  from  boiling  alcohol. 

Fluoranthene  has  also  been  separated  by  (^Idschmiedt  (who  calls  it  ulrj/l)  t»> 
gether  with  anthracene,  phenanthrene,  chrysene,  and  pyrene,  from  a  product  obtamed 
in  the  distillation  of  Idrian  quicksilver  ores  (Deut,  Ckem.  Ges.  Ber.  x.  2022). 

Fluoranthene  is  sparingly  soluble  in  cold  alcohol,  easily  in  boiling  alcohol,  sIm 
in  ether,  carbon  sulphide  and  glacial  acetic  add.  From  a  concentrated  alc^iolir 
solution  it  separates  in  cooling  in  long  thin  needles  ;  from  a  very  dilute  solntioa  ii 
large  thin,  very  brilliant,  colourless,  monodinic  tablets,  exhibiting  the  combinatki 
OF  .  +^  00  .  00  P,  and  much  elongated  in  the  direction  of  the  axis  of  synunetry.  Aia 
a:h:  c«l'496  :  1  :  1-026.  A^le  ac  =  82*>60';  ooPoo  :  P  =  68*»  :  ooP  :  OP-ST; 
+  Foo  :  OPb  36}®.  Cleavage  perfect  parallel  to  OP.  Pbme  of  optic  axes  parallel  li 
the  plane  of  symmetry.  First  median  line  almost  exactly  at  right  angles  to  (ff. 
Strong  double  refraction.  Melting  point  109®  (Flttig  a.  Gebhard);  110®  (Gtild- 
schmiedt). 

Fluoranthene-picric  acid,  C"H**'.C*H*(NO*yO,  separates  from  a  mixture  of  the  hot 
alcoholic  solutions  of  fiuoranthene  and  picric  add  (equal  weights)  in  long  shining needH 
having  a  reddish-yellow  colour,  much  lighter  than  the  picric  compounds  of  the  otlff 
hydrocarbons  of  the  group.  It  melts  at  1 82®-'183®  (F.  and  O.) ;  1 84®  (Ooldschmiadl): 
is  slightly  soluble  in  cold,  more  easily  in  hot  alcohol,  and  may  be  recrystallised  fna 
alcohol  without  alteration,  but  is  decomposed  by  boiling  with  water,  and  still  mm 
easily  by  drenching  with  ammonia,  the  hydrocarbon  being  set  free. 

Dibromofiuoranthene,  C^H'Br'. — When  bromine  in  excess  is  added  by  drop 
to  a  cold  solution  of  fluoranthene  in  carbon,  sulphide,  a  brisk  evolution  of  hydrobroair 
add  takes  place,  and  a  yellow  crystalline  precipitate  is  formed,  consisting  chiefly  rf 
dibromofluorantliene,  and  easily  purified  by  boiling  with  alcohol  and  recrystalliiiif 
the  residuA  from  boiling  carbon  sulphide.  Dibiomofiuoranthenc  cr>'8talliscs  from  tb 
solvent  ill  light  yellowish-green  shining  needles,  mdting  at  204®-205®,  very  sparii^ 
soluble  in  alcohol,  ether,  and  glacial  acetic  acid ;  more  easily,  but  by  no  meanii  mil, 
in  boiling  carbon  sulphide. 

Together  with.  th\&  dibromo-compound,  there  are  also  formed  other  bromoflM^ 
anthenes  vrAucli  mw^  '^t\\^  V)^  csXxwviViA  Itva&l  nSki^  ^^goi^'qss^  q£  the  reaction  by  boiliil 
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alcohol,  partly  remaining  in  the  mother-liqnor  of  the  reerystalliflation ;  they  have  not 
been  obtained  pure. 

Trinitrojluoranthene,  C**H'(NO')*. — Flnoranthene,  added  by  small  porUons 
to  fuming  nitric  add,  diasolTes  readily  with  rise  of  temperature,  and  a  nitro-compound 
separates  after  a  few  seconds ;  and  if,  after  the  whole  of  the  hydrocarbon  has  been 
added,  the  liquid  be  heated  till  the  whole  is  dissolved,  and  then  left  to  cool,  the 
trinitro-oompound  separates  abundantly  in  small  needles,  which  are  nearljr  insoluble 
in  all  the  ordinary  solvents,  and  must  be  washed  on  a  platinum  funnel  with  strong 
nitric  acid. 

Trinitrofluoranthene  crystallises  from  hot  nitric  acid,  in  which  it  is  moderately 
soluble,  in  shining  yellow  needles  which  do  not  melt  at  300^.  It  dissolves  but  very 
sparingly  in  alcohol,  ether,  carbon  sulphide,  and  glacial  acetic  acid,  even  at  the  boiling 
heats  of  these  liquids. 

Oxidaium-produds  of  Fluaranthme. — Fluoranthene  reacts  with  oxidising  agents 
like  phenanthrene,  being  readily  oxidised,  both  on  addition  of  chromic  anhydride  to 
its  solution  in  glacial  acetic  acid,  and  by  boiling  it  with  potassium  dichromate  and 
dilute  sulphuric  add,  yielding  in  either  case  a  quinone  and  an  add  which  are  easily 
separated  one  from  the  other.  The  latter  method  is  to  be  preferred,  as  it  effects  a 
more  gradual  and  complete  oxidation.  The  products  float  on  the  liquid  in  the  form 
of  a  brownish  ooagulateid  mass,  which  may  be  filtered  off  after  cooling,  washed  with 
water,  then  pulverised  and  repeatedly  lixiviated  with  sodium  carbonate. 

VlQonuitlieBe-qiilnonet  C"H**0*,  is  found,  together  with  unaltered  fluoranthene, 
and  difficultly  soluble  chromic  compounds,  in  the  residue  left  after  treating  the  mass 
above  mentioned  with  sodium  carbonate.  The  quinone  and  the  hydrocarbon  may  be 
dissolved  out  by  boiling  alcohol,  and  separated  £rom  one  another  by  treatment  with 
add  sodium  sulphite,  which  dissolves  the  quinone  with  moderate  fadlity ;  and  the 
•olution,on  addition  of  hydrochloric  add,  deposits  nearly  colourless  needles,  apparently 
consisting  of  the  hydroquinone,  as  they  bum  in  the  air,  and  are  converted  in  great 
part  during  recrystallisation  from  aloohol,  easily  and  completely  on  treatment  with 
zenric  chloride,  into  the  quinone.  The  latter  crystallises  nt)m  alcohol  in  small  red 
nendles,  melting  at  187^-188^  (F.  and  G.),  189^  (Goldschmiedt) ;  moderately  soluble 
in  alcohol  and  m  glacial  acetic  add. 

lMplienylenelLetone-oarboBloaoia,C*H*0*a  I        >C0  This   acid 

0»H«il.CO— OH 
eonstitutes  bv  far  the  greater  part  of  the  product  of  the  oxidation  of  fluoranthene  by 
ehromic  add  mixture ;  it  may  be  dissolved  out  by  sodium  carbonate,  and  thrown 
down  therefrom  bj  hydrochloric  add,  as  a  bulky  reddish  predpitate.  A  small 
additional  quantity  may  be  obtained  from  the  portion  of  the  crude  product  insoluble 
in  sodium  carbonate,  by  decomposing  the  chromium-compounds  which  remain  un- 
dissolved on  treatment  with  aloohol,  with  boiling  hydrocnloric  add,  dissolving  the 
Eortion  which  then  remains  behind  in  sodium  carbonate,  and  predpitatinjg  with 
ydrochloric  add.  The  add  mav  be  obtained  quite  pure  by  converting  it  into  its 
barium  salt,  which  crystallises  well,  separating  it  therefrom  bv  hydrochloric  acid,  and 
erystallising  from  dilute  alcohol.    Its  formation  is  represented  by  the  equation 


2-Jfi  +  0-  -  C0«  +  HK)  +     I      >^ 
Cff CH  C«H»--CO- 


OH 


Biphenyleneketone-carbonio  acid  is  nearly  insoluble  in  cold  water,  slightly  soluble 
in  boiling  water,  easily  in  alcohol  and  ether,  and  ciystallises  in  orange-red  needles 
an  inch  long,  melting  at  191^-192^.  It  has  the  same  percentage  composition  as 
oxyanthnquinone,  but  has  no  further  connection  with  that  compound,  being  in  fact 
a  true  add,  which  dissolves  with  the  utmost  ease  in  alk^s  and  idkaline  carbonates, 
and  expels  carbonic  add  even  from  insoluble  carbonates.  It  is  monobasic.  Its 
barkm  Bait,  (C"H'0»)«Ba+4H*0,  easUy  obtained  by  boiling  the  add  with  water  and 
barium  carbonate,  is  sparingly  soluble  in  oold,  somewhat  more  easily  in  hot  water, 
and  crystallises  from  the  dilute  solution  in  very  bulky  groups  of  slender,  silky,  fieiintly 
eoloured  needles,  which  in  the  aip^ried  state  contain  4  mols.  water  of  crystallisation. 
The  caloitm  salt,  (C**H'0^a-f  2HK),  prepared  like  the  barium  salt,  separates  from 

I      the  aqueous  solution  during  evaporation  in  small  yellow  needles,  not  much  moro 

i  soluble  in  hot  than  in  cold  water.  The  silver  salt,  C'*H'0"Ag,  separates  on  adding 
silver  nitrate  to  the  solution  of  either  of  the  preceding  salts,  as  a  faintly  yellowish- 

t     green  flocculent  predpitate  very  slightly  soluble  in  water. 

I  Diphenyleneketone-carbonie  add  unites  directly  with  1  moL  KOfl,  forming  the 
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C*H«— CO'K 

potasHiam  salt,  I  ,  of  an  acid  isomeric  with  diphenic  acid  (p.  668).    See 

C»H«— CO»K 
IsoDiFHBiac  Acid. 

The  coDstitation  of  diphenyleneketone-carbonic  acid  is  detennined  by  the  mode 
of  its  decompositioD  when  neated  alone,  and  with  zino-dnst.  In  the  former  case,  about 
one-tenth  of  the  acid  Tolatilises  nnaltcired,  and  the  rest  is  resolTed  ahnoit  quantita- 
tively into  carbon  dioxide  and  diphenylene-ketone : 

C«H\  C«HV 

I        >C0         =  C0«  +    I        >C0. 
C«H«;1.C0.0H  &R*^ 

The  same  decomposition  takes  place  when  the  acid  is  heated  with  lime,  but  it 
requires  a  higher  temperature  and  is  less  complete.  The  same  products  are  also 
formed  in  the  first  instance  when  the  add  is  heated  with  ginc-dMstt  but  the  diphenylene- 

ketoneisthen  reduced  to  diphenylene-methane  or  fluorene,  I        NCH*. 

The  formula  thus  established  for  diphenyleneketone-carbonic  acid  shows  that 
fluoranthene,  by  the  oxidation  of  which  it  is  produced,  must  be  represented  by  the 
formula 

and  that  it  is  related  to  fluorene,  in  the  same  way  as  phenanthrene  is  to  diphenyl, 
differing,  that  is,  from  fluorene  by  2  atoms  of  carbon,  or  being  derived  from  it  by 
substitution  of  the  bivalent  radicle,  CH*  or  — CH — CH — ,  for  2  atoms  of  hydrogen. 

With  respect  to  the  orientation  of  the  group  GH=GH,  in  phenanthrene  and  fluor- 
anthene, it  has  lately  been  shown  by  Schmitz  (Liebi^s  Jnnalen,  cxciii.  115)  that 
diphenylene-ketone  is  converted  by  fusion  with  potash  into  phenvl-benzoie  acid, 
C'H\<5'H\C00H  (y.t;.),  and  that  this  add  is  scarcely  attacked  by  comparatively 
weak* oxidising  agents,  such  as  dilute  nitric  acid  or  permanganates,  but  is  completely 
oxidised  bv  chromic  acid  mixture  to  carbonic  add  and  water.  Now  this  behavioiar  is 
known  to  be  characteristic  of  ortho-derivatives,  and  hence  it  may  be  infeired  as  very 
probable  that  in  phenyl-benzoic  add,  the  group  CO'H  is  in  the  Qftho-pcaition 
relatively  to  the  point  of  junction  of  the  two  benzene-nudei,  and  that  consequently  a 
similar  position  must  be  occupied  by  the  group  CH=iCH  in  phenanthrene  and  fluor- 
anthene. 

Atterberg  {Deut.  Chem,  Get,  Ber,  xi.  1224)  proposes  to  represent  the  hydrocarbons 
derived  from  diphenyl  by  successive  addition  of  1  at.  carbon-atom,  by  the  fdlowing 
formulae : 

I  I        >CH»        I        >(?H»       C«HK  I        >CH«         0«HK  I        >C«H« 


i 


Dipbenyl.    Fluorene.  Phenanthrene.  Flnonuithene. 

FXiVO&ava  or  BBPBaamunra-BKBTHAVB,  C>^>*-0^«.CH'.CH«. 

This  hj^drocarbon  has  already  been  described  under  diphenylene-oompoonds  (p.  671), 
where  it  is  stated  that  the  fluorene  from  coal-tar  discovered  by  Berthelot,  and  further 
studied  by  Barbier,  agrees  in  most  of  its  properties  with  the  diphenylane-methane 
obtained  by  Fittig  from  diphenylene-ketone,  and  by  Graebe  from  dij^ilan^-miilhanii, 
but  difiers  fh>m  it  in  yielding  b^  oxidation  a  quinone  as  well  as  a  katonab  and  in  the 
crystalline  form  and  mdting  point  of  its  dibroano-derivativa.  Qnite  xaeently,  hofverer, 
the  diphenylene-methane  prepared  from  diphenylene-ketone  has  beeo  la-axamined  I7 
Fittig  a.  Schmitz  (Liebigi'a  Annalenf  cxdii.  134,  July  1878),  who  hava  obtained  it  in 
greater  purity  than  before,  and  shown  that  it  agrees  in  arcry  reapeet  with  eoaV4ar 
fluorene,  with  the  exception  of  slight  differences  in  phyaical  propartiea  which  naay  be 
fiiirly  attributed  to  the  presence  of  small  quantities  of  other  ^ydioearbooa  in  the 
latter,  seeing  that  it  is  not  obtained  by  any  deflnite  reaction,  but  aepaiated  frvB  a 
mixture  of  hydrocarbons  by  fractionation. 

To  prepare  pure  diphenylene-methane,  an  intimate  mixtnxa  of  diphenylfloe-ketnee 
and  zinc-dust  was  introduced  into  a  combustion-tube,  then  a  layer  of  ainc-^nat  alone : 
the  open  end  of  the  tube  was  bent  downwards ;  and  the  tube  was  strongly  heated  ia  a 
combustion-furnace.  Dinhenylene-methane  then  distilled  over  in  the  fbiai  of  a 
colourless  oil,  which  soliaifled  in  the  downward-bent  worm  of  the  tahi^  aiiiMiBaifiil 
by  a  red  substance  apparently  the  same  as  that  which  is  formed  aa  a  Vja  |.aiJBrt  in 
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the  preparation  of  diphenylene-ketone.  The  quantity  of  this  red  body  formed  increases 
as  the  temperature  is  raised ;  but  nevertheless  it  is  best  to  employ  a  strong  heat,  as  at 
lower  temperatures  unaltered  diphenylene-ketone  distils  over,  which  is  more  difficult 
to  separate  than  the  red  substance.  The  diphenylene-methane  may,  in  fact,  be  sepa- 
rated from  the  latter  by  a  single  distillation,  and  obtained  quite  pure  by  recrystallisa- 
tion  from  alcohol. 

The  hydrocarbon  thus  prepared  drstallises  from  alcohol  in  shining,  perfoctlpr 
colourless  lamina  which,  whether  in  tJ^e  dry  state  or  in  alcoholic  solution,  exhibit 
only  a  faint  bluish  fluorescence.  The  strong  fluorescence  observed  by  Berthelot  a. 
£arbier  in  coal-tar  fluorene  (hence  the  name)  was  probably  due  to  the  admixture  of 
other  hydrocarbons.  Diphenylene-methane  aissolyes  sparingly  in  cold,  easily  in  hot 
alcohol,  also  in  ether,  benzene,  and  carbon  sulphide.  It  melts  between  112^  and  113^, 
and  boils  at  294°-295°  (thermometer  up  to  210°  wholly  in  the  vapour),  which  is  con- 
siderably below  the  boiling  point  of  diphenylene-methane  giyen  by  Graebe  (300^-306°) 
and  of  coal-tar  fluorene  by  Warbler  (305^). 

The  fierut  aeid  am^owid,  Ci*H**.C^*(NO*)*0,  {Hrepared  by  mixing  the  ethereal 
solutions  of  its  components  in  the  calculated  ^portion  crystallises  by  spontaneous 
evaporation  in  red-lnrown  compact  prisms,  melting  at  79^-80^  (80^-82^  Barbier). 

Dibromodiphen^/lene-methane,  O^'H'Br*,  is  prepared  by  adding  2  mols. 
bromine  to  1  mot.  of  the  hydrocarbon  dissolved  in  carbon  sulphide.  On  distilling  off 
the  solyent,  after  the  evolution  of  the  hydrobromic  acid  has  ceased,  washing  the  residue 
with  ether,  dissolving  it  in  carbon  sulpnide,  and  leaving  the  solution  to  evaporate,  the 
compound  separates  in  well-defined  tabular  crystals,  perfectly  transparent  and  colour- 
less, and  giving  by  analysis  numbers  agreeing  exactly  with  Uie  formula.  It  melts  at 
162°-167°  (at  163^-164''  Graebe,  166*»-167*»  Barbier). 

The  crystals,  examined  by  Arzruni,  are  perfectly  limpid  monoclinic  prisms, 

00  P  .  £  00  .  OP,  frequently  with  addition  of  oo  S  oo ;  tabular ;  deaying  perfectly 
parallel  to  OP,  somewhat  less  distinctly  parallel  to  oo  P  oo.    Axes  a:  b  :  o=»  0*5626  : 

1  :  06974.  Angle  ac  =  78°  21';  ooP  :  ooP  -  67**  42*;  ooP  :  OP  -  79<>  48'  30"; 
^  00  :  OP  »  34°  20^.  The  plane  of  the  optic  axes  is  parallel  to  the  plane  of  symmetry ; 
the  first  median  line  lies  in  that  plane,  and  the  second  coincides  with  the  axis  of 
symmetry.  These  crystals  are  evidently  different  from  those  of  the  dibromo-deriyative 
of  Barbier^s  fluorene,  the  measurements  of  which,  hj  Bouchardat  (p.  161),  haye  been 
tested  by  Arzruni,  and  found  to  be  quite  exact.  Fittie  a.  Schmitz,  howeyer,  having 
obtained  some  of  these  crystals  from  Barbier,  dissolyed  them  in  carbon  sulphide,  and 
left  the  solution  to  eyaporate,  whereupon  it  first  deposited  the  colourless  crystals 
aboye  described,  and  the  mother-liquor,  which  was  somewhat  strongly  coloured, 
deposited,  on  frirther  evaporation,  large  yellow  cnrstals,  the  measurements  of  which 
agreed  exactly  with  those  of  Barbier^s  crystals.  The  mother-liquor  of  these  yielded 
a  second  crop  of  the  colourless  crystals,  which  were  again  succeeded  by  the  yellow 

Sjrstals,  and  so  on.  Hence  it  appeus  that  dibromo-diphenylene-methane  is  dimorphous, 
oreoyer,  as  the  colourless  solution  of  the  oompoimd  prepared  by  Fittig  a.  Schmitz 
never  deposits  the  yellow  czystols,  whereas  Barbiez^s  oystals  are  always  coloured  and 
separate  from  a  coloured  solution,  it  is  most  probable  that  the  cnrstallisation  of  the 
compound  in  this  form  is  due  to  the  presence  of  a  small  quantity  of  some  other  hydro- 
carbon. 

Dinitro-diphenyl'methane,  0*'H"(NO')*,  prepared,  aooordinff  to  Barbier^s 
directions,  by  adding  the  hydrocarbon  to  a  mixture  of  equal  ydumes  of  fbming  nitric 
acid  and  glacial  acetic  add,  pouring  the  |>roduct,  after  twelye  hours'  standing,  into 
water,  and  (Ussolying  the  resulting  precipitate  in  glacial  acetic  add,  crystallises 
therefrom  in  colourless  needles  melting  at  199°-201°  and  yery  slightly  soluble  in 
boiling  alcohol,  from  which  it  separates  in  long  shining  spiculn.  Arbier  describes  this 
compound  as  crystallising  in  reddish  needles,  yez^  sUgntly  soluble  in  all  the  ordinary 
solyents,  crystallisable  oody  from  a  mixture  of  mtzobenaene  and  light  petroleum  oils, 
and  meltiDg,  with  deoompodtion,  at  a  temperature  above  260°;  this  product  was 
doubtless  impure. 

Osidaii(m-prt>€hieU  qf  J)ipken$fle»e-methane, — When  2  pts.  of  eiystallised  chromic 
anhydride  were  added  to  1  pt  of  diphenylene-methane  dissolyed  in  alcohol,  the  solution 
on  cooling  depodted,  first  the  unaltend  hydrocarbon,  then  a  condderable  quantity 
of  diphenylene-ketone,  but  not  a  trace  of  the  quinone  which,  accordmg  to  Barbier,  is 
formed  at  tiie  same  time.  Hence  ilttig  a.  Schmitz  condude  that,  if  Barbier  did  reaJly 
obtain  a  quinone,  it  must  haye  been  formed,  not  from  diphenylene-methane,  but  from 
some  other  hydrocarbon  *  contained  in  his  fluorene. 

*  Most  probably  another  modifloation  of  diphenylene-methane.  The  same  snppodtion  may  also 
■oooant  for  the  tect  that  coal*tar  fluorene  yields  two  modifloationB  of  dibrmnodipheDylene>methane, 
wherww  the  hjdrooMtKm  prepared  hy  redaotion  of  diphenylene-ketone,  whieh  la  tMuno^eneoQE^  xinU^ 
only  one. 
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V&VOBBBCBZV.    Bedorcin-phthalein.    See  Putualuins. 
V&VOSBBCBirCB.    See  Light. 

r&VOmiBB8.  1.  Metallic—The  sp.  gr.  of  lithium  fluoride  ia  2296  at  21*5''; 
of  sodium  fluoride,  2*588  at  14*5^ ;  of  potassium  fluoride,  2096  at  21*5^.  The  sp.  gr.  of 
rubidium  fluoride,  determined  on  a  very  small  quantity  of  material,  is  3*102  at  1^. 
This  salt  is  extremely  deliquescent. 

When  silver  fluoride  is  added  to  gold  chloride,  a  pale-brown  precipitate  &Ila, 
which  is  a  mixture  of  silver  chloride  and  gold  oxide :  2 AuCl*  +  AgF  -f  SH'O  « 
Au*0*-f  4AgCl  +  4HF.  A  similar  result  is  obtained  with  platinum  (F.  W.  Clarke, 
5/7/.  Am,  J.  [2],  xiii.  291). 

Barlimi  Flnoiidet  BaF*,  may  be  crystallised  in  cubes  (with  edges  0'02  mm. 
long)  from  solution  in  water ;  also  by  heating  the  precipitated  fluoride  to  240°  with 
water  containing  nitric  acid.  With  water  containing  hydrochloric  acid,  prismatic 
crystals  are  obtained,  probably  a  double  salt  of  BaF*  and  Bad'  (Scheerer  a.  Drechael, 
J.  pr,  Chem,  [2],  vii.  63). 

Calolimi  Flnoiide.  Crystals  of  fluorspar  from  the  Miinsterthal  and  other 
localities  in  Baden,  have  been  examined  by  F.  Klocke  {Jakrb,  /.  Min,  1874,  73 IX 
who  has  observed  the  new  forms  80}  and  804.  A.  v.  Lasaulx  (ibid,  75, 134)  describes 
the  triakisoctohedron  40,  as  an  independent  form  of  fluorspar  nom  Striegau  in  Silesia. 

Artificial  Crystallisation, — ^When  pulverised  fluorspar,  or  amorphous  calcium  fluoride 
obtained  by  precipitation,  is  fused  in  a  platinum  crucible  with  chloride  of  calcium, 
potassium,  or  sodium,  and  the  fused  mass  is  left  to  cool  very  slowly,  czystallised 
calcium  fluoride  is  obtained,  which  may  be  separated  from  the  soluble  salts  by  boiling 
with  water.  It  then  remains  in  the  form  of  regular  octohedral  aystals,  a  few  ci 
which  are  isolated  and  perfectly  formed,  while  the  greater  number  are  joined  end  to 
end,  forming  rectangular  branches;  but  the  cubic  form,  which  is  that  of  natural 
fluorspar,  is  not  obtained  in  this  way,  either  alone  or  in  combination  with  the  octo- 
hedron. 

Such  forms  may,  however,  be  produced  by  operating  in  the  wet  way,  namely,  by 
heating  neutral  calcium  silicofluonde  with  solution  of  calcium  chloride  for  several 
hours  at  250°  in  a  sealed  glass  tube.  The  tube  is  then  found  to  be  lined  with  micro- 
scopic crystals  of  calcium  fluoride,  having  the  form  of  octohedrons  more  or  less  modi- 
fied with  cubical  fetces.    The  reaction  by  which  they  are  formed  is : 

CaSiF*  +  20aCl«  +  2H«0  -  80aF«  +  8iO«  +  4Ha 

Lastly,  calcium  fluoride  may  be  obtained  in  octohedral  crystals,  without  any  cubic 
modifications,  b^  heating  the  amorphous  fluoride  with  water  slightly  acidulated  with 
hydrochloric  acid,  in  a  sealed  tube  to  240^  for  ten  hours. 

Mixtures  of  calcium  sulphate  and  barium  fluoride,  either  fused  with  a  mixture  of 
potassium  and  sodium  chloride  or  heated  with  water  to  240^,  yielded,  not  separate 
crystals  of  barium  sulphate  and  calcium  fluoride,  but  a  chemical  oompoimd  of  the  two, 
crystallised  in  prisms.  Separate  crystals  of  the  two  salts  were,  however,  obtained  by 
filling  the  bend  of  a  U~^^  ^^  water,  and  placing  in  one  of  its  arms  a  loose  pluff  of 
filter-paper  containing  gypsum,  and  in  the  other  a  similar  plug  containing  banum 
fiuoride,  each  plug  dipping  into  the  water,  so  as  to  effect  a  gradual  dissolution  of  the 
two  salts,  and  bring  them  very  slowly  together  in  the  state  of  very  dilute  solutioiia. 
After  this  slow  action  had  gone  on  for  several  weeks,  barium  sulphate  was  found 
deposited  in  tabular  and  wedge-shaped  crystals,  and  calcium  fiuoride  in  sharp-edged 
cubes  mostly  implanted  on  the  crystals  of  barium  sulphate  (Scheerer  a.  DrechMl, 
J.  pr.  Chem.  vii.  63). 

On  Etched  Figures  on  Fluorspar,  see  Baumhauer  {Jahrb,  /.  Mim,  1876,  692; 
Chem,  8oo.  Jour.  1877,  ii.  116). 

On  a  Fluid  Cavity  in  Fluorspar,  see  Mallet  (Chem,  Soo,  Jowr,  1877i  ii.  144). 

On  the  Use  of  Fluorspar  and  other  Fluorides  in  Glass-making,  see  Glass. 

Olnoinnin  Flnorides.  Double  fluorides  of  glueinum  and  the  alkali-metals  are 
described  by  Mariniac  {Ann.  Chim.  Phvs.  [4],  xxx.45).  With  potassium  fluoride  two 
salts  are  obtained,  viz.  GF*.2EF.  and  GKKF.  The  former  is  easily  obtained  in 
laminar  crystals  by  leaving  a  mixed  solution  of  the  two  salts  in  the  calculated  pro- 
portion to  evaporate  slowly;  the  latter  separates  in  warty  crystalline  crusts  on 
mixing  the  solution  of  the  former  with  excess  of  glueinum  fluoride,  and  leaving  it  to 
evaporate.  With  sodium  fluoride,  the  two  salts,  GP.2NaF  and  GF^.NaF,  are  obtained, 
the  flrst  of  which  crystallises  in  two  different  forms.  Ilie  second,  which  has  only 
approziniately  the  composition  indicated  by  the  formula,  forms  warty  crusts.  The 
ammonium  salt,  GF.2NH*F,  is  isomorphous  with  the  corresponding  potassium  salt. 

Macnealnm  nnoride,  MgF*.  On  adding  a  solution  of  an  alkaline  fluoride  to 
one  of  magnesium  sulphate,  an  amorphous  gelatinous  precipitate  of  magnesium  flooride 
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IB  obtained,  which  stops  the  filter  and  is  difficult  to  wash.  A  better  process  is  to 
treat  pore  magnesia  with  pure  hydrofluoric  acid,  and  remove  the  excess  of  the  latter 
by  heating  the  product  to  1 00^.  The  precipitate  thus  obtained  is  perfectly  amorphous, 
but  on  heating  it  to  the  melting  point  of  cast-iron,  it  fuses  completely,  and  on  cooling 
solidifies  to  a  crystalline  mass  made  up  of  small  prisms.  Somewhat  larger  tabular 
crystals  may  be  obtained  b^  fusing  a  mixture  of  the  amorphous  fluoride  with  an 
alkaline  chloride,  and  removing  the  latter  by  treatment  with  water  when  the  mixture 
has  become  cold.  The  crystals  thus  formed  are  twins,  and  when  examined  bv  polarised 
light  exhibit  the  same  characters  as  those  from  the  fused  magnesium  chlonde.  They 
have  been  measured  by  Struever,  who  pronounces  them  to  be  identical  with  the  native 
fluoride,  sellaite.  The  crystals  have  a  density  of  2*856  at  12°  ;  hardness «  6.  After 
being  sobmitted  to  the  influence  of  an  electric  current  from  a  RuhmkorfTs  coil  for  a 
short  time,  and  then  gently  heatfKl,  they  become  fluorescent  in  the  same  way  that 
fluorspar  does,  emitting  a  violet  light.  Sellaite  itself  exhibits  a  similar  property, 
as  do  also  other  crystalline  fluorides ;  but  neither  calcium  nor  magnesium  fluoride 
in  the  amorphous  state  is  capable  of  being  rendered  fluorescent. 

Crystallme  magnesium  fluoride  melts  at  a  very  high  temperature.  It  is  insoluble 
in  acids,  with  exception  of  concentrated  sulphuric  acid,  which  readily  decomposes  it. 
With  calcium,  barium,  and  strontium  sulphates  it  forms  readilv  fusible  compounds  of 
definite  composition.  Heated  with  aluminium  sulphate,  it  yields  cJuminium  fluoride 
(A.  Cossa,  Gaj^t,  chim.  ital.  vii.  212). 

Vlokel  Flnoridet  NiP.3H'0,  is  prepared  by  dissolving  nickel  hydrate  in  aqueous 
hydrofluoric  acid.  On  concentrating  the  solution,  a  granmar  mass  of  crystals  sepa- 
rates out.  The  last  portions  of  water  are  retained  at  130^.  Sp.  gr.  2*014  at  19®. 
The  anhydrous  fluoride  has  the  sp.  gr.  2*866  at  14^ ;  molecular  volume,  13*66. 

When  solutions  of  nickel  and  silver  fluorides  are  mixed  together  and  concentrated, 
the  nickel  salt  usually  separates  out  alone,  the  silver  salt  apparently  decomposing. 
In  one  instance,  however,  pale  apple-green  needles,  mixed  with  rhombohedrons,  were 
obtained,  which  analysis  showed  to  be  a  highly  hydrated  double  fluoride  t)f  nickel  and 
silver  (Clarke,  SiU,  Am.  J.  [2],  xiii.  291). 

XlBO  rinoride.  The  sp.  gr.  of  the  hydrated  salt  is  2*667  at  10®  and  2*636  at 
12®;  of  the  anhydrous  salt,  2*666  at  11°  and  2*612  at  12®  (Clarke). 

2.  Non-metallic,  Pliosplioms  nnoiido*  PP.  This  compound,  described 
by  Davy  and  by  Dumas  as  a  very  volatile  liquid  (iv.  622),  is,  accoraing  to  Macivor, 
{Chem,  News,  xxxii.  268),  gaseous  at  ordinary  temperature  and  pressure. 

SUieoB  nnoride*  By  the  action  of  this  compound  on  sodium  ethylate,  ethyl 
silicate  is  produced : 

3SiF«  +  4C«H»0Na  =  2SiF«Na«  +  Si(OC«H»)* 

(Klippert,  Deut.  Chem.  Ges.  Ber,  viii.  718). 

Silicofluorides.  The /mv«s  so^,  SiF*Fe  +  6iH*0,  is  obtained  by  digesting 
iron  fllings  at  a  gentle  heat  in  silicofluoric  add,  dissolving  the  resulting  mass  in  water 
containing  a  few  drops  of  the  add,  and  evaporating  the  solution  on  the  water-bath. 
It  forms  large  bluish-grey  hexagonal  crystals,  and  in  the  state  of  powder  has  a  density 
of  1*961  at  ITd"" ;  1  pt.  of  the  salt  dissolves  in  0-78  pt.  of  watAr  at  17*6®;  in  hot 
water  it  is  somewhat  less  soluble.    The  crystals  oxidise  in  moist  air. 

The  cobalt  salt,  SiPCo  +  O^HK),  may  be  {nrepared  by  dbsolving  cobalt  carbonate 
in  silicofluoric  add,  or  by  acting  on  barium  silicoflooride  with  a  boiling  solution  of 
cobalt  sulphate.  It  forms  large  red  hexagonal  crystals,  which  effloresce  very  slightly 
in  dry  air.  In  the  state  of  powder  it  has  a  density  of  2*1 13-2*121  at  19®.  One  part 
of  the  crystals  dissolves  in  0*847  pt.  water  at  21*6^.  The  salt  is  somewhat  more  soluble 
in  hot  water  than  in  cold  water  i^.  Stolba,  Ckem.  Cenir,  1876,  16). 

On  the  preparation  of  Soaium  Silicofluoride  and  its  use  in  Volumetric 
Analysis,  see  Stolba  (Zeitsekr.  anai.  Ckem,  xi.  199  ;  C^em.  Soe.  Jour.  1873,  406). 

FOSB8ZTB*  A  zeolite,  occurring,  together  with  desmin  and  stilbite,  in  druses 
of  the  tourmaline-granite  of  Elba.  It  forms  rhombic  crystals,  exhibiting  the  faces 
00  &  00,  00  P  00,  OP,  and  less  fluently  P,  and,  so  far  as  can  be  dedded  by  imperfect 
measurement,  appears  to  be  isomorphous  with  desmin.  Sp.  ^,  »  2*403  to  2*407®. 
The  analytical  numbers  (A)  agree  nearly  with  the  values  (B)  calculated  from  Uie 
formula  NaK).8Ca0.8Al'0*.24SiO'.24HH) : 


sw 

APO» 

CM) 

KgO 

K-0 

Na-0 

H^) 

A.    40*06 

27*40 

6*47 

0*40 

0*77 

1*38 

16*07   -   100*46 

B.    49*27 

28*14 

6*76 

— 

206 

14-78   -   100 

(G.  vom  Rath,  P«^.  Jnn,  cliL  31). 
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TOWMBT  TSBBS. — Under  this  head  an  attempt  will  be  made  to  bxing  together 
the  Tarious  researches  on  the  Ghemistij  of  the  Forest.  It  will  be  impossible  to 
describe  the  many  different  bodies  which  haye  been  found  as  constituents  of  trees ;  an 
account  of  these  must  be  sought  for  under  their  respective  names ;  the  aim  will  rather 
be,  to  show  the  general  composition  of  the  different  parts  of  trees,  and  the  relation  of 
this  composition  to  the  processes  of  life  and  growth.  We  shall  consider — 1.  The 
Trunk  and  Branches :  2.  The  Sap :  3.  The  Leaf:  4.  The  Blossom,  Fruit,  and  Seed: 
6.  The  Forest  Litter :  6.  The  Annual  Requirements  of  a  Forest. 

As  a  good  deal  of  confusion  prevails  respecting  the  names  of  certain  trees,  it  will 
be  well  to  state  at  starting  that  the  English  names  of  the  prindped  trees  referred  to 
have  the  following  Latin  and  German  equivalents : 


Beech 

Fagus  sylvatioa 

Buche,  Rothbuche 

Hornbeam 

Carpinus  Betulus 

Hainbuche,  Weissbuehe 

Birch 

Betula  alba 

Birke 

Maple 

Acer  platanoides 
iBsculus  Hippocastanum 

Ahom 

Horsechestnut 

Rosskastanie 

Larch 

Abies  Larix 

Larche 

Spruce  fir 

Abies  excelsa 

Fichte 

Silver  fir 

Abies  Picea 

Weisstanne 

Scotch  pine 

Finns  silvestris 

Eiefer 

1.  TnB  Tbttnk  akd  Bbamchbs. 

The  proportion  of  waterina  tree  increases  from  below  upwards,  is  greater  in 
the  branches  than  in  the  trunk,  and  greater  in  the  small  branches  than  in  the  larger 
ones.  Schroeder  (I%arander/orstliekes  Jakrbuch,  1874,  260)  found  the  distribution 
of  water  in  a  spruce  fir  felled  on  May  20  to  be  as  follows : 

Trunk  with  bark  36*15  per  cent.        I  Branches  over  1  cul  diam.  47*96  per  oemt. 
Thin  end  of  trunk  50'80  per  cent.      |  Branches  under  1  cjn.  diam.  51*56  per  cent. 

Leaves  62-49  per  cent. 

According  to  Gelesnoff  (Jahresb.  Agri.  Chem,  1873-4,  i.  268),  the  percentage  of 
water,  after  increasing  &om  below  upwards,  diminishes  again  at  the  summit  of  the 
trunk.  Stockhardt  {^d.  1864,  81)  determined  the  water  in  beech  and  laroh  at  three 
heights  in  the  trunk,  operating  on  trees  felled  every  month  during  a  year;  the 
percentages  found  in  wood  and  bark  were  as  follows : 


Lower 

Middle 

Upper 

lK>wer 

Ifiddln 

Upper 

Beech  bark: 

Larch  bark: 

Winter    . 

40-5 

41-5 

39*3 

Winter  . 

36*4 

461 

61*6 

Spring     . 

43-7 

42-8 

470 

Spring  . 

37*8 

61*9 

68-8 

Summer  . 

421 

441 

48*3 

Summer 

38*4 

49*2 

41*6 

Autumn  . 

390 

40*1 

401 

Autumn 

86-0 

41*6 

47*6 

Beech  wood: 

Larch  wood: 

Winter    . 

421 

47-4 

46-6 

Winter  . 

89*6 

46*7 

60*0 

Spring     . 

376 

40*7 

43-6 

Spring  . 

48*2 

46*0 

48*4 

Summer  .        . 

37-4 

43-7 

47-1 

Summer 

87*9 

89-0 

460 

Autumn  . 

40*3 

43*6 

46*9 

Autumn 

38*9 

48*6 

62-9 

Beech  wood  is  seen  to  contain  its  maximum  of  water  in  the  winter  months ;  in 
the  spring  (March  to  May),  the  water  in  the  wood  rapidly  falls  to  a  Tninimmn  while 
at  the  same  time  the  percentage  of  water  in  the  bark  nsas,  reaching  its  maximum 
in  summer.  During  the  growing  months  the  bark  contains  more  water  than  the 
wood ;  during  the  resting  months  the  reverse  is  the  case.  The  same  general  principle 
is  seen  in  the  results  witii  larch. 

T.  Hartig  (Jahreab.  agri.  Chem,  1868-9,  231^,  from  determinations  made  on 
borings  4  ft.  from  the  ground,  states  that  the  mimmum  contents  in  water  occurs  in 
autumn  before  the  fall  of  the  leaf.  The  maximum  is  in  winter  in  the  case  of  the  fir 
tribe;  with  other  trees  in  winter  or  qprin^.  With  trees  bleeding  when  boved  in 
spring,  the  maximum  is  at  the  bleeding  penod.  G«lesnoff  determined  the  water  in 
entire  trees  every  month  for  a  year.  Scotch  pine  gave  a  twRTtmnm  (January)  of 
64-0  per  cent,  and  a  minimum  (May)  of  653  per  cent. ;  mean  for  the  year  61*1  per 
cent.  Aspen  gave  a  maximum  (March)  of  56*6  per  cent.,  and  a  minimmn  (Mayfol 
48-9  per  cent. ;  mean  for  the  year  52*8  per  cent.  Birch  gave  a  ma-riimiin  (May)  of 
65'9  per  cent.,  and  a  minimum  (December)  of  43*5  per  cent. ;  mean  fior  the  year 
49*2  per  cent  Maple  gave  a  maximum  (April)  of  46*8  per  cent,  and  a  mtfnmwfw 
(Janusiy)  of  38*6  per  cent ;  n*  -^^  jear  42*1  per  cent    Hartig  noticed  a  con- 
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inderable  dinnial  variation  during  fine  warm  weather,  the  percentage  of  water  in  the 
trunk  being  much  lees  between  2  and  3  p.x.  than  at  sunrise. 

A  rapidly  growing  tree  will  contain  much  more  water  than  a  tree  of  the  same 
species  which  has  grown  slowly. 

The  tissues  of  a  tree  are  made  up  of  cellulose,  more  or  less  incrusted  with 
lignose,  frequently  also  with  calcium  salts  and  silica.  The  older  portions  of  the 
•wwyd,  and  the  epidermis,  are  the  parts  containing  most  incrusting  matter.  Different 
kinds  of  wood  contain  very  different  proportions  of  incrusting  matter,  the  hardest 
and  heaviest  woods  generally  containing  most.  Hugo  Mnller  (Die  I^/Umee^faser,  150) 
has  determined  the  pro^rtion  of  oellidose  and  incrusting  matter  in  various  woods. 
After  successive  extraction  with  water,  and  with  a  mixture  of  alcohol  and  benzene, 
the  incrusting  matter  was  removed  by  repeated  treatment,  first  with  bromine  water, 
and  then  by  boiling  with  dilute  ammonia ;  the  residual  cellulose  was  then  weighed. 
The  percentage  results  obtained  were  as  fc^ows : 


Water 

Soluble  in 
water 

SolnUe  in 

alooholand 

benzene 

OeUoloM 

Inomsting 
matter 

Incnuting 

matter 

for  100 

oellaloee 

Black  Poplar 

1210 

2-88 

1-37 

62-77 

20-88 

33-3 

Silver  Fir    . 

• 

13-87 

1-26 

0-97 

56-99 

26-91 

47-2 

Birch  .        . 

12-48 

2-65 

114 

55-52 

28-21 

50-8 

Willow 

11-66 

2*66 

1*23 

55*72 

28-74 

51-6 

Scotch  Pine 

12-87 

4-06 

1-63 

53-27 

28*18 

52-9 

Chestnut 

1203 

6-41 

1-10 

52-64 

28*82 

64-7 

Linden 

10-10 

8*56 

8*93 

63*09 

29-82 

56-2 

Mahogany  . 

12-39 

0*01 

1-02 

49*07 

27-61 

66-8 

Alder  . 

10-70 

2-48 

0-87 

64*62 

81*38 

57-8 

Boxwood 

12-90 

2-63 

0-63 

48*14 

3570 

74-2 

Beech. 

12-67 

2*41 

0*41 

45-47 

89-14 

861 

Oak     .        .        . 

18*13 

12*20 

0-91 

39-47 

34-30 

86*9 

Teak   . 

11-05 

3-93 

8-74 

43*12 

38-16 

88-5 

Lignum  Vitas 

10-88 

6-06 

15-63 

32-22 

36-21 

109-2 

Ebony 

9*40 

9-99 

2-54 

29-99 

4808 

160  3 

Only  woods  rich  in  cellulose  are  suitable  as  material  for  making  paper. 

Starchisa  nearly  constant  ingredient  of  the  stems  of  trees,  and  rorms  the  chief 
bulk  of  the  reserve  matter  out  of  which  leaves  and  shoots  are  produced  in  spring. 
The  deposition  of  starch  commences  early  in  summer,  and  is  completed  at  the  fall 
of  the  leaf.  The  tissues  characteristically  rich  in  starch  are  the  parenchyma  of  the 
bark,  the  pith-rays,  the  pith,  and  in  some  cases  the  parenchyma  of  the  wood.  The 
tissues  of  the  root  are  frequently  rich  in  starch.  In  different  trees  the  distribution 
of  starch  will  vary,  one  description  of  tissue  being  richer  in  some  trees  than  in  others. 
In  a  section  of  oeJc,  felled  in  winter,  the  arrangement  of  the  starch  may  be  plainly 
seen  by  moistening  with  solution  of  iodine. 

The  sugar  in  spruce  fir  wood  has  been  determined  by  Ulbricht  (Tkaramder  font, 
Jahrbmeh,  1874,  188).  Two  trees  were  felled  eveir  month  during  a  jwr,  and  the 
trunk  wood  ajudysed.  1,000  of  dry  wood  contained  the  following  proportions  of  sugar : 


Winter .... 
Spring  .... 
Summer         ... 
Autumn 

flap  wood 

Heart  wood 

Bntirewood 

0-32 
1-30 
0-49 
0-40 

0-10 
053 
0-34 
Oil 

0-27 
0-86 
0-48 
0-26 

The  sap  wood  clearly  contains  a  much  larger  proportion  of  sugar  than  the  heart 
wood.  The  sugar  reaches  its  maximum  in  spring,  when  the  reserve  starch  is  under- 
going solution. 

Tannin  is,  with  few  exceptions,  another  general  ingredient  of  forest  trees.  It 
is  apparently  related  to  starch,  and  ma^  be  formed  firom  starch,  or  converted  into  it, 
at  £fierent  stages  of  vegetation.  Tannin  occurs  in  those  parts  of  a  tree  which  are 
also  characteristically  rich  in  starch,  as  for  example  the  inner  layers  of  the  bark. 
It  is  also  frequentlv  abundant  in  young  shoots  and  buds,  in  the  husks  of  fruit,  and 
in  various  forms  of  epidermis.    The  proportion  of  tannin  is  generally  greatest  dnriiw 
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winter  or  spring,  and  diminishes  considerably  in  the  eummer  months.  Stoekhardt 
(Jahretb,  Agri,  CAem.  1864,  78)  determined  the  amount  of  tannin  in  beech  and  lardi 
bark  during  every  month  for  a  year ;  the  following  table  gives  a  siinmiaiy  view  of 
the  percentages  of  tannin  found  in  the  dry  bark : 


Per  cent.  Tannin  in 

1 
One  toot 
from  root 

Kiddle  of 

tmnk 

l^iaend 
oftnuik 

Beeoh  bark  with  baat : 

Highest  percentage . 

Lowest  percentage  .... 

Mean  for  the  year  .... 
Larch  bark : 

Highest  percentage .... 

Lowest  percentage  .... 

Mean  for  the  year  .... 
Larch  bast: 

Highest  percentage .... 

Lowest  percentage  .... 

Mean  for  the  year   .... 

4-78 
2-64 
3-78 

3*89 
1-36 
2-54 

12-68 

8-40 

1016 

6-01 
2-72 
4-64 

7-27 
3-34 
4-49 

16-70 

9-33 

12-39 

7-24 
8-99 
5-58 

9-54 
6-82 
7-40 

16*36 
10-56 
13-53 

In  every  case  the  proportion  of  tannin  increases  firom  below  upwards,  and  is 
greatest  at  the  summit  cf  the  tree :  this  was  found  true  at  all  times  of  the  year. 
The  bast  of  larch  is  seen  to  be  far  richer  in  tannin  than  the  bark.  With  beech  batk 
the  maximum  of  tannin  occurred  in  winter,  and  the  minimum  in  July.  "With  lazck 
bark  and  bast  the  minimum  was  found  about  December ;  the  maximum,  in  the  ease 
of  bast,  occurred  in  April  or  May ;  with  the  bark  the  maximum  was  irregular. 

The  percentage  of  tannin  in  the  dry  substance  of  various  parts  of  the  oak  is, 
according  to  T.  Hartig,  as  follows : 

Heart  wood — tree  160  years  old ;  winter       .  .  12-14  per  cent 

Old  Bark 10-14 

„        „      the  outer  laver -      6  „ 

„        „     the  middle  layer 12  „ 

„        „      the  bast  layer 14-18  „ 

Young  bark  (Spiegelrinde) 9-18  „ 

Brush  wood;  November  to  end  of  February  .        .        .  11-15|  „ 

,.           „        May  to  June 4-7  „ 

Young  shoots  and  buds;  beginning  of  May        .        .          24  „ 

According  to  Handtke  the  last  year's  shoots  of  oak  yielded  on  April  23,  7*83  per 
cent  of  tannin ;  this  gradually  increased  to  14-85  per  cent,  on  July  9,  after  which  the 
percentage  diminished.  In  Yalonia,  the  acorn  cups  of  Quereus  JEgilops,  the  per- 
centage of  tannin  is  about  19-27.  In  Levant  nut-galls,  the  excrescences  oo  the 
young  shoots  of  Q,  it^ectoria,  the  tannin  is  about  50-60  ^r  cent.  For  ftirther  in- 
formation, see  articles-^GALL-iTDTS,  Qxthbcus,  TAKinif,  in  this  DicUonazy. 

The  distribution  of  resin  in  trees  has  been  little  investigated.  Ulbridit  hsi 
determined  the  n«in  present  in  spruce  fir  wood  at  different  times  of  tiie  year;  as 
resin  he  includes  all  organic  matter  soluble  in  alcohol,  but  not  in  water.  1,000  of 
dry  wood  contained : 


Winter  . 
Spring  . 
Summer 
Autumn 


Bap  wood 


19-66 
17-81 
19-87 
20-24 


Heart  wood 


22*99 
20-41 
22-35 
21-58 


22-13 
19-11 
21-09 
21-87 


The  heart  wood  is  thus  richer  in  resin  than  the  sap  wood.  The  w»^-riw>«iti  per- 
centage of  resin  is  apparently  in  winter,  and  the  minimum  in  spring ;  the  details  are 
irregJUar. 

Few  determinations  have  been  made  of  the  nitrogenous  ingredients  of  wood. 
The  most  complete  series  of  analyses  is  by  Schroeder  and  Earaten*  (Thanatder 


*  These  determinations  were  made  by  cmnbnstion  with  aodft-lime,  ooUeotlng  the  fannioidft  is 
hydiocblorlo  acid,  ^eu  ewpotaXiav^  \a  4crSTv«n  th^  vM  liqjald,  and  determloing  the  chloride  o( 
^Qunoniom  in  the  loiidxte  wi^  «i  «X«iv^t^  wAuUctu  <A  liCc^vt* 
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forstliches  Jahrbuchf  1874,  70,  179).  Schroeder  deteimined  nitrogen  in  every  10  jear- 
rings  of  an  SO-years  old  beech  tree.  In  the  youngest  10  rings  the  nitrogen  amounted 
to  0-22  per  cent  of  the  dry  wood ;  the  older  wood  was  rather  poorer  in  nitrogen,  but 
there  was  no  regular  gradation  from  the  new  to  the  old  wood.  The  mean  per  cent, 
of  nitrogen  in  the  sap  wood  was  0*17,  and  in  the  heart  wood  0-16.  The  proportion  of 
nitrogen  was  much  greater  in  the  wood  of  the  branches,  increasing  as  they  diminished 
in  sixe ;  it  was  also  considerable  in  the  bark.  Schroeder  found  the  following  per- 
centages of  nitrogen  in  dry  beech  wood  and  bark : 

Trunk  wood,  without  bark 0*16 

Stout  boughs            „              0*26 

Boughs  7-2*6  cm.  diam.  without  bark 0*82 

„       2-6-1*0         „              „                0-60 

„       1-0-6            „               „                0-63 

Bark  from  trunk 0*66 

In  the  case  of  spruce  fir,  Earsten  determined  nitrogen  in  trees  felled  every  month 
during  a  year ;  in  the  same  specimens  Ulbricht  determineid  the  proportion  of  nitrogenous 
matter  soluble  in  water.  100  of  dry  trunk  wood  yielded,  on  an  average  of  two  trees, 
the  following  percentages  of  nitrogen : 


• 

Winter 
Spring 

Summer                . 
Antumn       •        • 

Total  nitrogen 

Solnble  nith>gen 

Sftp  wood 

Heart 
wood 

Bntbe 
wood 

Qnp  wood 

Heart 
wood 

Bntire 
wood 

0-160 
0*169 
0-261 
0197 

0*184 
0*141 
0*266 
0167 

0171 
0164 
0*260 
0*183 

0*0160 
0*0062 
0-0128 
00187 

0-0080 
00028 
00062 
00046 

0-0180 
00036 
0-0090 
0*0090 

Mean  for  the  year 

0194 

0*189 

0*192 

0*0116 

00068 

00087 

The  sap  wood  contains  scarcely  more  total  nitrogen  than  the  heart  wood,  but  a 
more  considerable  proportion  of  this  nitrogen  exists  as  soluble  compounds.  The 
soluble  nitrogen  is  at  its  maximum  in  winter,  and  at  its  minimum  in  spring  time  when 
active  growth  has  commenced.    The  total  nitrogen  is  at  its  maximum  in  summer. 

0.  Lehmann  {Chem,  Ackertmatm,  1869,  118)  found  in  fresh  sawdust  from  spruce 
fir  wood,  0'67  per  cent,  of  nitrogen,  and  in  sawdust  from  Scotch  pine,  0*63  per  cent. 
These  results  are  much  higher  than  those  of  Schroeder  and  Eaniten. 

Ash  constituents  occur  in  very  different  proportions  in  the  various  parts  of  a 
tree.  The  circulating  ash  constituents,  which  act  as  plant  food,  are  concentraced  in 
the  actively  growing  tissues;  the  incrusting  ash  constituents,  on  the  other  hand, 
accumulate  with  advancing  age,  and  especially  in  the  surface  tissues  of  the  tree ;  the 
variations  in  the  percentage  of  ash  are  thus  due  to  very  different  causes.  Wood  con- 
tains much  less  ash  than  bark,  and  this  again  less  than  the  leaves.  Young  wood 
generally  contains  more  ash  than  old  wood.  It  follows  that  the  percentage  of  ash  in 
the  trunk  rises  from  below  upwards,  and  that  branches  contain  more  ash  than  the 
parent  stem,  the  smaller  brandies  being  again  richer  in  ash  than  the  larger  ones.  Of 
the  bark,  the  inner  bast  layer  is  much  the  richest  in  ash  constituents ;  young  baik 
will  thus  yield  more  ash  tlum  the  thick  bark  found  on  older  parts  of  the  tree.  The 
ash  of  the  bark  is  always  greater  than  that  of  the  wood  it  covers. 

The  following  percentages  of  crude  ash  were  found  by  Stockhardt  and  Handtke 
(Jakretb,  Agri,  Chan,  1864,  81)  in  dry  wood  and  bark  taken  at  various  heights  of  the 
trunk: 


Grade  sdi  in  100  of 

Lower 

Middle 

Upper 

Grade  Mh  in  100  of 

Lower 

Kiddle 

Upper 

Beech  wood 
Larch  wood 
Spruce  fir  wood,) 

quickly  grown  t 
Spruce  fir  wood, } 

slowly  grown  > 

0-48 
0*27 

0-82 
0*86 

0*46 
0*80 

0*38 
0*89 

0*67 
0*37 

0*41 
0-47 

Beech  bark 
Larch  bark 
Spruce  fir  bari[, 

quicklv  grown 
Spruce  ftr  bark, } 

slowly  grown  , 

8*90 
1*26 

8-66 
4-77 

8-30 
1-76 

301 
4*29 

8*00 
2-16 

2*60 
4*63 

The  results  obtained  by  R.  Weber  (Jakresb.  Agri.  Ckem,  1878-4,  L  246)  in  his 
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analysis  of  a  laich,  40-50  years  old,  strikingly  Ulnstrate  the  relation  in  respect  to  aih 
of  the  old  and  new  layers  of  growth.     100  of  dry  substance  contained : 

Grade  sdi 

Heart  wood 0*14 

Sap  wood .         0-30 

Last  yeaz^B  ring 0*48 

Cambium  with  bast  bundles 6*17 

The  relative  distribution  of  ash-constituents  in  trunk,  branches,  and  leavei,  u 
well  shown  by  the  following  results  obtained  by  J.  Schroeder  from  an  examinatioo  of 
a  birch  tree  felled  in  August,  and  of  a  spruce  fir,  00  to  100  years  old,  felled  in  Slay. 
100  of  dry  substance  contained : 


Biroh 

Pure 
ash 

0-21 
0-64 
0-62 
3-44 
4-53 

BpiTioe  fir 

PttfB 

Wood  from  trunk 

Wood  from  boughs     . 

Bark  from  trunk 

Bark  from  boughs 

Leaves 

Wood  from  trunk,  breast  high 
Wood  from  trunk,  upper  part 
Wood  from  boughs,  over  1  cm.  dianiL 
Bark  from  trunk,  breast  high 
Bark  from  trunk,  upper  part  . 
Bark  from  boughs,  over  1  cm.  diam. 
Leaves  

0-17 
0-26 
0-32 
1-38 
1-84 
2-82 
359 

The  percentage  of  ash  in  all  the  growing  parts  of  a  tree  exhibits  ccmnderaUs 
variation  at  different  periods  of  the  year.  Stockhardt  determined  the  ash  at  varioos 
heights  in  the  trunk  wood  and  bark  of  beech  and  larch  every  month  during  a  yetr. 
The  following  is  a  summary  of  his  results ;  the  figures  represent  the  pjopurtlon  of 
crude  ash  in  100  dry  substance : 


Lower 

Middle 

Upper 

Larch  bark: 

Lower 

Middle 

Upper 

Beech  bark: 

Winter    . 

3-40 

2-60 

2-31 

Winter  . 

104 

1-76 

2-38 

Spring     . 

6-86 

4*39 

4-40 

Spring  . 

1-40 

210 

2-18 

Summer  . 

3-20 

3-04 

2-68 

Summer 

1-27 

1-70 

2-11 

Autumn  •        . 

3-30 

303 

2-39 

Autumn 

106 

1-34 

1-98 

Beech  wood: 

Larch  wood: 

Winter    . 

0*41 

0-46 

0-67 

Winter  . 

0-26 

0-32 

0-41 

Spring    . 

0*46 

0-43 

0-47 

Spring  . 

0-27 

0-33 

0-38 

Summer  . 

0*44 

0-46 

0-66 

Summer         . 

0*26 

0-26 

0-33 

Autumn  • 

048 

0-46 

0-62 

Autumn 

0-20 

0-30 

0-41 

We  shall  better  understand  these  results  if  we  first  compare  the  results  obtained 
by  Schroeder  with  spruce  fir : 


Pore  ash  In  100  partB  of  dxy  fir  wood 


Winter 
Spring 
Summer 
Autumn 


Mean  for  the  year 


Sap  wood 


0-2427 
0-2364 
0-2288 
0-2488 


0-2892 


Heart  wood 


0-2270 
0-2319 
0-2317 
0-2404 


0-2328 


Bntire  wood 


0-2304 
0-2335 
0-2281 
0-3449 


0-2342 


The  ash  is  at  its  maadmum  in  sap  wood  in  autumn  and  winter,  but  in  the  baik 
the  ash  is  at  its  minimum  at  this  period;  in  the  old  wood  it  also  reaches  its  minimum  in 
winter.  In  spring  the  ash  in  the  sap  wood  falls,  and  at  the  same  time  rises  eonndei^ 
ably  in  the  bairk,  in  the  innermost  layer  of  which  active  growth  has  oommenced ;  the 
■ah  also  rises  to  a  less  extent  in  the  old  wood.  By  summer,  both  the  sap  wood  and 
baik  have  reached  their  minimum,  the  circulating  ash-constituents  having  been  trans- 
'wsd  to  the  leaves.  When  the  leaves  wither,  a  portion  of  the  ash-oonstitaentB  b 
«^  stored  up  in  the  sap  wood  for  use  in  the  ensuing  season.  In  Stockhardt's 
rimNitB  tbe  upi^t  and  younger  part  of  the  trunk  exhibits  the  chaiacter  of  sap 
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Tha  prapoitioQ  of  aih-conBtitneatB  in  an;  tree  is  dapendmit  b 
extent  on  the  dionctor  of  the  eoil  aod  dimUe.  A  tree  Browing  id  Che  rich  loU  uid 
mild  climate  of  a  Tallej,  will  eoutain  in  it*  Umum  «  far  larger  proportion  of  cineresl 
matter  than  the  tame  dcseription  of  tree  growing  in  an  elevated  naouiitain  re^on. 
The  inflnsnce  of  the  eoil  upon  the  character  of  the  a>h  will  be  illnrtmted  further  on. 

We  tam  now  u  the  conpoeitioii  of  wood  and  hark  tieh ;  a  selection  of  antljaea 
willbetinmdon  the  next  page.  Noe.  1-21,  and  33-34,are  taken  from  KWoUTa^wlni 
^btalj/im;  tfoe.  32-S2  are&om  the  llUrmiltr  /ontiicha  JaMbiudi,  1S7*,  SS,  27*. 
Analgia*  3-6,  T-lfi,  10-31,  32-2S,  24-S3,  and  33-34,  are  rMpactirely  comparable 
among  themaelTea,  being  made  either  on  different  paita  of  a  ebgle  tree,  or  on  treea 
taken  ttoai  the  lame  plantation.  The  birch  tree  wai  anal^Bed  l;^  Bchroader  ;  it  wai 
felled  towarda  tha  and  of  Angnit.  The  BoalyM*  ol  ■proca  fir  (22-32)  are  also  by 
Bchroedar.  The  Sret  aeriet  (22-23)  are  from  a  tree  felled  in  Febmoij.  The  eecohd 
tree  waa  analned  in  all  its  parte ;  it  wu  90-100  yean  old,  and  wai  felled  in  May. 
Tha  '  pure  aui'  ii  the  aeh  Mmainiag  after  dedaction  of  carbonic  neid,  sasd.  and 
charcoal.  The  carbonic  add  given  in  Koa.  7-lfi|  and  24-32,  indodei  sand  and 
charooaL  Alamina  is  an  ingredient  of  leTeral  of  tha  ashea  in  the  table,  though  not 
mentioned  there ;  it  ie  pe^cnlarly  laige  in  the  aahea  of  the  eprnce  flr  analjeed  by 
Wittatein.    The  three  wood  aahea  (16-18)  gave  reipactiTely  109,  0'90,  and  0'33  pec 


mina,  and  the  three  bark  aehn  ne-21)  12-20,  S'67,  and  446  per  ce 
The  percentage  compoaitian  of  an  aah  merely  taaehei  ni  the  proportion 


a  each  other,  and  throws  bat  little  light  on  the 
proportion  or  dietribntion  of  ash-conttJtnanta  in  the  plant,  Some  local  drcnmetanca, 
as  die  praaence  of  much  manganeee  or  eolable  nlica  in  Iha  loil,  will  aofBca  to  alter 
mmplat«ly  the  percentage  of  phoaphorie  acid  or  potash  in  the  sab,  while  the  ^ropor- 
*"' '■•----  important  elements  io  th*  dry  matter  of  the  plant  may  i«main  qaite 


bark. 

Qood  iUnattadon*  of  the  difference  in  the  aah  contenta  of  old  and  new  wood  and 
latfc  an  aflbrdad  hj  K.  Weber's  analyaes  of  the  Tarioue  layan  in  the  trunk  of  a. 
larch ;  by  Sehioeder's  analyses  of  sap  and  heart  wood  from  a  spmee  flr ;  and  hj_  his 
aoaljaea  of  the  onter  and  innar  layers  of  bark  tram  the  same  tree.  Tbe  figures  given 
below  tea  fpinea  fir  wood  an  the  mean  of  four  analyse*  of  tzees  felled  in  each  qnartm 
of  the  ysar.     10,000  parts  of  dry  (nbstanca  contained  aa  follows : 


Larch: 

Haort  wood  . 
Sap  wood 

Cambium  and  baet 
Spruce  fir: 
Heart  wood  . 
Sap  wood 
Oat«rbark    . 
Inner  bark 

K-0 

Na-0 

0»O 

MgO 

FcW 

Mn-0' 

PW 

so- 

1-07 

1-13 
I -00 

_ 

9-7 

1-23 

0-46 

108-60 

3'43 
468 

4'80 
32-20 

0'2S 
0-50 

isao 

O'iO 
027 

0-70 

4-10 

4-83 

8-95 

228-10 

B-6B 

B-fiS 
03-30 
100-80 

1-32 

1-S2 
17-BO 

2-36 
2-02 
4-10 
H-90 

0-47 

0-oa 

140 

0-12 

0-22 
6- SO 
1-00 

611 
fi'23 
0-50 

0-36 
2-78 

33-80 

0-08 
0-80 
2-30 

0-34 

0-aa 

3-80 

0-4fl 
0-88 
8-80 
1-40 

It  IB  evident  that  aa  new  tisane  matnrea,  the  circnlatiog  ash-ct 
gtadnaUj  withdrawn,  and  made  to  serre  anew  in  fresh  cell  formation.  The  aane  aah- 
constitnenta  thus  serve  ovor  and  over  again  in  the  production  of  organised  matter. 
The  moat  strikiiig  difference  in  the  aah  contents  of  heart  and  sap  wood  lies  in  the 
proportion  of  phosphoric  add,  which  is  nine  or  ten  timea  greater  in  the  young  wood 
than  in  the  old  ;  the  sap  wood  also  contain*  a  larger  proportion  of  potash.  When 
we  lam  to  the  cambium— the  layer  of  tiasne  in  which  growth  is  actively  in  progress — 
wa  find  all  the  ash -constituents  in  vary  large  proportion,  the  phoaphorie  acid  and 
polaeh  are  especially  about  one  hundred  timre  greater  than  in  tne  heart  wood.  The 
younger  layan  of  bark  of  the  spruce  flr  are  also  much  richer  in  ash-constitaenta  than 
the  old  exterior  layer* ;  these  latter  contain,  however,  more  silica,  iron,  and  sulphuric 
add.  Manganese  appeon  to  form  part  of  the  circulating  a*h- constitnenta,  and  >' 
most  sbaDdaot  in  young  lisnua. 
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White  alder,  A.  incana 

Lime,  T,  parvi/olia 

Maple 

Hazel 

Oak,  Q.  pedunculaia 

Willow,  S.  Caprea 

Elm,  U.  ejjusa    . 

Ash    . 

Birch  . 

Beech  .        • 

Aspen 

Black  alder,  A,  ffkUinosa 

Hornbeam  . 


Albominolds 


17-76 
14-86 
14-86 
14-60 
1436 
12-37 
11-71 
11-21 
10-96 
10-64 
1008 
9-18 
7-81 


Non-nitro- 
genous extrac- 
tive matter. 


62-99 
61-37 
64-66 
66*86 
67-70 
62-68 
61-60 
66-94 
o7-42 
61-43 
66-70 
73-49 
72-11 


Fibre 


24-76 
1616 
15-60 
14-60 
13-40 
18-60 
1916 
13-70 
18-10 
28-76 
18-20 
18-26 
14-80 


Adi 


4-60 
7-32 
6*08 
5-16 
4-64 
6-48 
7-64 
916 
8-62 
4-18 
6-02 
4-18 
6-28 


The  feeding  value  of  leayeB  is  yery  considerable ;  nearly  all  the  leaves  mentioned 
above  wonld  be  superior  in  thb  respect  to  meadow  haj. 

Befbre  discussing  in  detail  the  composition  of  leaves,  it  will  be  well  to  show  the 
nature  of  the  ehanges  which  take  pkce  during  life.  Bissm^ler^s  very  complete 
investigation  of  beech  leaves  gave  the  following  lisults  : 

1,000  fresh  beeeh  leaves  contained  in  grams  : 


Water  . 
Dry  substance 


Albuminoids 
Fat       . 

Extractive  matter 
Fibre    . 
Ash       . 


Potash  . 
Lime 
Magnesia 
Phosphoric  acid 
Silica     . 


May? 


174-71 
63-22 


16-03 
1-26 

26-77 
7-69 
2-48 


0*77 
0-36 
0-19 
0-63 
004 


Jane  11 


168-70 
106-76 


20-21 

2-68 

66-02 

22-38 

6*66 


1-20 
1-38 
0-63 
0-46 
068 


Jnlyli 


187-70 
146-36 


28-07 
2-64 
71-89 
31-92 
10*82 


1-28 
302 
0-90 
0-56 
1-76 


Ang.U 


130-90 
134-90 


24-02 

2-71 
66-04 
29-93 
1218 


1-19 
3-90 
1-02 
0-66 
2-33 


Sept.!! 


134-76 
121-66 


17-89 
6-88 
61-39 
26-06 
10-81 


1-14 
8-26 
0-88 
0*46 
1-97 


Oct.S7 


16606 
106-67 


12-68 
6-86 
68-27 
22-46 
11-41 


0-87 
8*57 
0-79 
0-36 
2*66 


Not.  18 


134-08 
112-16 


8-76 

6-66 

66-30 

28-62 

12-80 


0*74 
4-21 
091 
0-14 
2-96 


1,000  parts  of  fresh  beeeh  leaves  contained : 


Water  . 
Dry  substance 

*        •        * 

... 

766*6 
233-6 

697-9 
402-1 

663*6 
436-4 

492-6 
607-4 

626-8 
474-2 

696-3 
403-7 

644-6 
466-5 

1,000  parts  of  dry  substance  contained  : 

Albuminoids 

Fat 

Extractive  matter 

Fibre     . 

Ash 


Potash  . 
Lime 
Magnesia 
Phosphoric  acid 
Silica     . 


282*60| 

23-60 

602-60 

144-60 

46*70 


14-68 
6-78 
3-67 
9-93 
0-87 


189-37 

24-20 

624-73 

209-70 

62-00 

11-31 

12-93 

6-95 

4-39 

5*44 


198-12 

18*20 

494-68 

219-60 

74-60 


8-84 

20-81 

6-86 

3*91 

12-13 


178-12 

20-10 

489-58 

221-90 

90*30 


8-86 

28*96 

7*59 

4-09 

17-81 


148-12 

48-40 

606-08 

214-40 

89-00 


9-37 

28-86 

7-26 

8-77 

16-23 


120-00 
56*40 
504*10 
212-60 
108-00 


8-28 

33-80 

7-65 

8*47 

24-16 


78-12 

69-40 

493-08 

266-20 

114-20 


6-60 

37-60 

8-20 

1*24 

26*44 


100  parts  of  crude  ash  contained : 

Potash 

81-23 

21-74 

11-86,      9-81 

10-63 

7-67 

6*78 

Soda 

3-28 

1-82 

0-37 

0-83 

1-16 

1-68 

1-36 

I^ime 

14-96 

24-26 

27-82 

32*08 

80-37 

81-29 

32-98 

Magnesia       .... 

7*66 

11-44 

918 

8-40 

815 

7-00 

718 

Ferric  oxide  .... 

0-76 

0*99 

0-78 

0*84 

1*17 

0*56 

052 

Phosphoric  acid    . 

21-27 

8*48 

6-24 

4-63 

4*24 

8-22 

1-08 

Silica 

1-87 

10-47 

16*26 

1917 

18-28 

32-86    23-161 

1 

FOREST  TREES. 


809 


18  doubtless  important  as  proCectizig  the  stem  from  the  infiltration  of  water,  and  from 
the  attacks  of  fnngi  and  insects.  The  ash  analyses  of  spruce  fir  given  in  the  table, 
page  807»  show  that  the  percentage  of  silica  in  the  ash  increases  with  increasing 
age,  while  the  percentage  of  lime  diminishes.  Fir  timber  grown  on  a  siliceous  soil 
is  reckoned  more  durable  than  that  grown  on  a  calcareous  soil. 

Manganese  is  generally  found  in  the  ash  of  trees  if  present  in  the  soil  upor 
which  they  have  grown ;  the  quanti^  is  extremely  variable,  but  is  sometimes  veiy 
large.  B<nthier  found  in  the  ash  of  oak  bark  11*88  per  cent  Mn*0*;  Bottinger  in 
the  ash  of  larch  wood  18*6  pelr  cent.,  and  in  wood  from  a  Scotdi  pine  18*2  per  cent. ; 
while  Schroeder  has  found  as  much  as  82*77  per  cent,  in  the  ash  of  spruce  fir  wood. 
The  proportion  of  manganese  is  generally  much  smaller.  Ledere^s  determinations 
in  various  woods  will  be  found  in  JakreA,  Agri,  Ckem,  1870-2,  ii.  21.  Manganese 
exists  in  trees  in  a  soluble  form,  probably  as  stilts  of  manganous  oxide. 

Carbonic  acid  is  a  laige  ingredient  in  the  ash  of  wood ;  it  represents,  in  the 
absence  of  much  silica,  the  organic  adds  originally  united  with  the  hiaw  of  the  ash. 
The  proportion  of  bases  combined  with  organic  adds  is  apparently  greater  in  old 
wood  thimin  youi^. 

We  will  condude  these  remarks  on  the  distribution  of  the  ash-constituents  in  a 
tree,  by  giving  the  results  obtained  in  Schroeder^s  admirable  investigation  of  an 
entire  spruce  fir  felled  in  May.    10,000  parts  of  dry  substance  contained  as  follows : 


Wood: 

K^ 

Na"0 

OaO 

MgO 

Few 

Mn*0* 

PH)» 

80- 

1 
BIO* 

Trunk  wood      . 

8-45 

008 

6*78 

1-68 

0-13 

8-80 

0*42 

0*19 

0-60 

Ditto,  upper  portion . 

5*12 

0-61 

8*96 

2*66 

0-32 

6-60 

1*21 

0-31 

0-49 

Wood   from    boughs) 
over  1  cm.  diam.    { 

6-28 

0*47 

12-30 

3-64 

0*31 

7-32 

0-63 

0*44 

0-62 

Bark: 

Trunk  bark 

11*67 

2-90 

71-07 

7-26 

6-10 

17-86 

6-94 

3-01 

11*48 

Ditto,  upper  portion . 

88*85 

1-70 

67-34 

16-60 

4-14 

24-72 

11-66 

3-21 

16*17 

Bark    from    boughs  > 
over  1  cm.  diam.     \ 

84*12 

12-63 

117-23 

19-01 

7-28 

33-98 

1318 

318 

30-44 

Boughs  with    bark| 
over  1  cm.  diam.        ( 

13-49 

3-61 

39-68 

7-62 

2*12 

14-23 

3-88 

116 

10-65 

Bouffhs   with  bark 
under  1  cm.  diam. 

33*79 

3-62 

41-42 

1306 

8-93 

16-91 

17-21 

6-86 

46-67 

Leaves 

40*61 

1*12 

46-16  19-29 

4-20 

29-30 

36-64 

16*18 

166-26 

The  leaf  contains  in  relation  to  its  dr^  substance  the  largest  proportion  of  potash, 
magnesia,  phosphoric  and  sulphuric  acids,  chlorine,  and  silica.  The  bark  of  the 
small  boughs  is  richest  in  soda,  lime,  ferric  oxide,  and  manganese.  The  trunk  wood 
is  of  the  whde  tree  the  part  poorest  in  ash-constituents. 

Schroeder  has  made  the  results  still  more  striking  by  reckoning  the  total  amount 
of  each  ash-constituent  as  100,  and  showing  the  distribution  of  these  100  parts 
throughout  the  tree ;  the  following  are  the  figures.* 


Trunk  wood 
„      bark . 
Boughs  with  bark 
Leaves . 

Dry 

sab- 

Btanoe 

Pore 

K^) 

CaO 

MgO 

Few 

MnH)* 

PW 

SO* 

SIO" 

76*0 

10-6 

8*3 

6-1 

23*0 
26-3 

18-7 
32-0 

100-0 

34*0 
18*1 
21-7 
26-2 

1000 

28*2 
41*0 
18-8 
12-5 

100-0 

32*1 
21*6 
20*7 
26-6 

100-0 

8-0 
47-9 
280 
16-1 

38*8 
26-4 
16-6 
19-3 

97 
190 
200 
51-3 

101 
21*8 
16*7 
62-4 

3-2 
10-6 
15-9 
70-4 

1000 

Entire  tree   . 

100-0 

100-0 

1000 

1000 

1000 

The  dry  matter  of  the  leaf  is  only  6*1  per  cent  of  the  whole  tree,  yet  the  lea 
contains  nearly  one-third  of  the  entire  ash,  more  than  half  of  the  whole  phosphoric 
and  sulphuric  adds,  and  nearly  three-quarters  of  the  silica.    Lime  and  iron  are  seen 
to  be  chiefly  concentrated  in  the  bark.    The  trunk  wood  contains  a  considerable 

*  AH  the  flgnrcs  relating  to  Bchroeder'a  inTeetlgation  of  sprnoe  fir  are  taken  from  *^»^  9%/>«m. 
foraUichei  Jahrbuch,  1874 ;  these  flguree  differ  in  many  renpecka  from  thoae  given  ir 
AeJttrtmnfin,  1873.    The  publication  of  later  date  is  adopted  as  presomably  more  < 
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fraction  of  the  ash-constituents  only  in  the  cases  of  manganese  oxide,  potash,  magnesia, 
and  lime.  The  difference  in  occurrence  of  iron  and  manganese  is  Tery  strikiDg,  the 
first  being  found  chiefly  in  the  bark,  the  second  in  the  woM. 

The  iJteration  in  the  composition  of  the  ash  at  various  seasons  of  the  Tear  has 
been  studied  by  Schroeder  in  the  case  of  sproce  fir  wood,  and  by  Stockharot,  as  far 
as  phosphoric  acid  is  concerned,  in  the  case  of  beech  wood  and  bark.  Neither  of 
these  investigations  has  led  to  particularly  striking  results.  Nearly  all  the  ash- 
constituents  of  wood  are  at  a  minimum  in  summer  time,  having  been  more  or  less 
transferred  to  the  growing  shoots  and  leaves.  Manganese  is  apparently  an  exception 
to  this  rule,  as  Schroeder  found  it  most  abundant  in  August.  Staffers  analyses  of 
the  ash  of  one-year  shoots  of  horse-chestnut  in  May  and  September  will  be  found  in 
this  Dictionsxy,  iii.  174. 

The  influence  of  the  character  of  the  soil  upon  the  composition  of  the  ash  of  trees 
is  well  illustrated  by  the  investigations  of  iliche  and  (^landeau  (Ann,  Chim,  PhyM. 
[4],  xxix.  383 ;  [5],  ii.  354).  They  observed  that  the  sweet  chestnut,  and  certain 
pines,  did  not  flourish  in  a  part  of  the  forest  of  Cham^tu,  where  the  soil  was  calcareous, 
though  perfectly  healthy  -imere  the  soil  was  of  a  siliceous  character.  The  following 
are  ash  analyses  of  small  branches  and  leaves  of  chestnut,  and  Pinus  Pinaster,  grown 
upon  the  two  soils  in  question : 


PiHUt  Finoiter, 

■mall  bnmofam 

with  leaves 

Ghestniit, 
small  brandhaB 

Cbestnat 
ieaves 

BUioeoua 

BOU 

Oaloareons 
aoU 

SilioooQs 
sou 

Calcareoiu 
sou 

SQioMnis 
soil 

Caloareons 
sou 

Ash,  per  cent. 

1-32 

1-54 

4-74 

6-71 

4-80 

7-80 

Potash 

Soda    .... 
Lime  .... 
Magnesia    . 
Ferric  oxide 
Phosphoric  acid  . 
Stdphuric  acid     . 
Silica  .... 
Chlorine 

16-04 

1-91 

40-20 

20-09 

8-83 

900 

9-18 

4-95 
2-52 
56-14 
18-80 
2-07 
9-14 

6-42 

11-65 

73-26 
3-99 
204 
4-53 
1-43 
3-08 

2-69 
0-28 
87-80 
207 
1-27 
4-27 
0-64 
1-36 
0-08 

21-67 
3-86 

45-37 
6-63 
107 

12-32 

2-97 
5-79 
0-30 

5-76 
0-66 

74-55 
3-70 
0-83 

12-50 

1*46 
052 

It  is  seen  at  once  that  the  ash  is  in  all  cases  greater  in  quantity  on  the  calcareous 
soil ;  but  contains  less  silica,  far  less  potash,  and  more  lime,  than  the  ash  of  the 
same  tree  growing  upon  the  siliceous  soil.  Further  illustration  of  the  effect  of  soil 
and  climate  upon  the  character  of  the  ash  will  be  found  in  R.  Weber's  researches 
(Jahresb.  Agri,  Chem.  1873-4,  i.  245)  on  the  composition  of  larch  wood  and  leaf  at 
different  altitudes.  The  subject  will  also  be  again  referred  to  under  the  head  of 
•  The  Leaf.' 

Schroeder  has  made  an  investigation  upon  the  solubility  of  the  ash-oonstituents  in 
spruce  fir  {Tharander  forsU.  Jahrbuch,  1874,  52).  Spruce  fir  sawdust  yielded  to  cold 
distilled  water  about  23  per  cent  of  the  total  asn  which  it  contained,  the  part  dissolved 
consisted  chiefiy  (72*96  per  cent.)  of  potash ;  the  sawdust  lost  in  Uiis  way  75  per  cent 
of  the  potash  previously  present  A  log  placed  in  running  water  for  two  years,  showed 
a  similar  loss  m  potash,  and  also  a  striking  loss  in  manganese.  The  sap  wood  of  the 
log  lost  32  per  cent,  of  its  entire  ash,  the  heart  wood  10  per  cent  In  the  sap  wood, 
84  per  cent  of  the  potash  had  been  removed,  and  72  per  cent  of  the  manganese. 
The  heart  wood  lost  71  per  cent,  of  its  potash,  and  51  per  cent,  of  its  manganese. 
There  was  also  a  loss  of  sulphuric  acid,  and  a  gain  in  lime  and  iron.  Schroeder 
carried  the  investigation  further  by  treating  spruce  fir  sawdust  with  a  solution  con- 
taining the  chlorides  of  potassium  and  calcium.  To  this  solution  the  wood  yielded  up 
all  its  potash,  more  than  two-thirds  its  magnesia,  and  nearly  half  its  manganese, 
absorbing  at  the  same  time  from  the  solution  a  very  considerable  quantity  of  lime. 
It  is  evident  from  these  experiments  that  the  potash  of  wood  exists  in  the  form  of 
soluble,  probably  organic,  salts,  and  that  the  woody  tissue  has  for  these  a  very  small 
retentive  power.  It  is  quite  otherwise  with  respect  to  lime ;  this  exists  in  the  wood 
as  insoluble  salts,  and  wood  exhibits  for  lime  a  considerable  absorptive  and  retentive 
power.  It  is  probable  that  the  organic  acids  of  wood  form  with  lime  insoluble  com- 
pounds, and  that  for  this  reason  lime  is  able  to  displace  the  odier  basest  as  shown  in 
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Sdiroeder's  last  quoted  experiment.  The  effect  of  floating  timber  down  a  river  is  clearly 
to  remove  a  large  proportion  of  potash  from  the  wood. 

2.  Tub  Sap. 

The  chemistry  of  the  sap  has  been  investigated  only  in  the  case  of  birch,  maple 
and  hornbeam,  trees  which  bleed  if  cot  in  oarly  spring.  J.  Schroeder  has  experimented 
with  birch  {Jakreab,  Agr,  Chtm.  1866,  157),  and  with  birch  and  maple  {Md,  1870-2, 
ii  149).  A.  Beyer  has  investigated  the  sap  of  birch  and  hornbeam  (iUa.  1865,  167 ; 
1867,  109). 

Schroeder  states  that  in  birch  the  transformation  of  starch  into  sugar  begins 
in  the  parenchvma  of  the  bark,  the  npper  branches  being  the  part  of  the  tree  first 
affected,  and  the  tnink  wood  and  root  the  parts  where  stuch  is  longest  held.  The 
change  into  sngar  is  apparently  commenced  by  the  influence  of  the  snn's  rays,  and 
precMes  the  rising  of  tne  sap.  On  Feb.  8,  no  su^  was  fbnnd  in  borings  from  the 
tmnk  and  root  of  a  birch.  On  March  12,  the  bonngs  yielded  sngar.  On  March  17f 
the  borings  were  found  moist  and  sticky,  and  seven  days  later  the  sap  began  to  flow. 
Sap  can  &r8t  be  obtained  by  a  boring  in  the  root ;  it  then  rises  gradnidly  in  the  trunk 
at  the  rate  of  about  1  meter  in  two  days.  When  the  highest  point  has  been  reached 
at  which  bleeding  will  take  place,  the  flow  of  sap  begins  to  diminish,  gradually  ceasing 
from  above  downwards,  and  continuing  a  short  time  in  the  root  after  it  has  ceased  in 
the  trunk.  With  birch,  bleeding  begins  about  a  week  earlier,  and  continues  about  a 
week  later  than  with  maple.  The  whole  bleeding  period  with  birch  is  about  six  or 
■even  weeks. 

The  principal  ingredient  in  spring  sap  is  sugar.  In  birch  sap  the  sugar  is 
laevorotatory,  uncrystallisable,  and  easily  soluble  in  hot  96  per  cent,  alcohol.  In  the 
sap  of  hornbeam,  a  similar  flW^  is  present.  In  maple  sap,  on  the  other  hand,  the 
sugar  is  wholly  cane-sugar.  The  percentage  of  su^  in  birch  sap  was  found  by 
Schroeder  to  vary  between  0*34  and  1*92,  and  that  in  maple  sap  m>m  1*16  to  3'71. 
Beyer  found  in  hornbeam  sap  0*46  per  cent,  of  sugar. 

The  percentage  of  sugar  m  the  sap  flowing  from  any  part  of  the  trunk  reaches  its 
maximum  very  soon  after  bleeding  commences,  and  then  diminishes  till  bleeding 
ceases.  Thus  sap  from  a  boring  at  the  foot  of  a  birch  tree  commenced  running  on 
April  5,  it  then  contained  1*26  per  cent,  of  sugar.  On  April  9  the  sugar  had  reached 
1*40  per  cent  Yvsm  this  point  the  percentage  of  sugar  diminished  to  0*69,  which  it 
reached  on  May  22,  when  bleeding  stopped.  The  quantity  of  sugar  in  the  sap  is 
increased  in  the  earlier  part  of  the  season  by  a  rise  in  temperature.  The  percentage 
of  sngar  falls  rapidly  as  soon  as  leaf  buds  b^n  to  develop,  and  the  stage  of  develop- 
ment reached  by  the  leaf  forms  an  excellent  indication  of  the  condition  of  the  sap. 

The  part  of  the  tree  yielding  the  sap  richest  in  su^  is  differently  situated  in 
birch  and  maple.  With  birch,  ue  richest  sap  is  obtamed  from  some  point  in  the 
trunk  between  the  root  and  the  principal  branches ;  above  this  point  the  percentage  of 
sugar  rapidly  diminishes.  Thus  on  April  14,  sap  from  the  foot  of  a  birch  trunk  con- 
tained 1*39  per  cent,  sugar ;  at  3  meters  height  1*60  per  cent. ;  and  at  7  meters  height 
0*74  per  cent.  As  the  season  advances,  the  point  of  maximum  sugar  falls  lower  and 
lower  in  the  trunk,  but  never  enters  the  root  In  the  root  the  percentage  of  sugar 
decreases  with  the  distance  from  the  trunk.  With  maple,  on  the  other  hand,  the 
richest  sap  is  obtained  from  the  highest  boring^,  and  the  sap  of  the  root  pi  richer 
than  that  from  the  lower  part  of  the  trunk,  l^e  difference  between  the  two  trees  is 
to  be  attributed  partly  to  the  greater  store  of  reserve  starch  contained  in  maple,  and 
especially  in  the  thinner  brandies  forming  the  extremities,  but  is  also  due  to  the  fact 
that  leaf  buds  are  not  developed  in  maple  till  bleeding  ceases.  There  is  thus  in  maple 
both  a  greater  production,  and  a  smaller  consumption  of  sugar  during  the  bleeding 
period,  and  hence  the  sap  gains  in  richness  as  it  ascends,  and,  unlike  the  sap  of  bircl^ 
maintains  the  same  percentage  of  sugar  till  nearly  the  end  of  the  bleeding  period. 

No  detailed  investigation  seems  to  have  been  made  upon  the  American  maple, 
A,  «accAarm«m.  The  sap  is  variously  stated  to  contain  2  and  6  per  cent,  of  sugar. 
The  Canadian  trees  yield  an  average  of  4  lbs.  of  sugar  each. 

'  Of  the  presence  of  carbo-hydiates  other  than  sugar  no  definite  evidence  exists. 
The  sap  of  the  three  trees  investigated  was  always  acid  with  malic  acid.  A  litrA 
of  bircn  sap,  from  near  the  foot  of  the  trunk,  contained  on  April  11,  0*8324  gram  of 
malic  acid ;  the  quantity  gradually  rose  to  0*6071.  gram  on  April  27,  and  then  fell  to 
0*3469  gram  on  May  13.* 

The  amount  of  albumin  (determined  by  boiling  the  sap)  rises  for  a  short  time 

•  The  datei  and  flinirai  reflerrinff  to  Urdi  are  flrani  the  Landm>  VtrmcikhSUtlitmiait  xiv.  ISl,  U9. 
The  JmAtmferiekl giwea  the  auue  fl«arcs  but  with  OilKaniiftdMtel 
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after  bleeding  commences,  and  then  falls  more  rapidly  than  the  sugar.  Sdmedv 
found  in  1  litre  of  birch  and  maple  sap,  taken  near  the  foot  of  the  trunk,  the  foUowiB^ 
quantities  in  grams : 


Birch  sap 

Albumin 

Sugar 

Maple  B^> 

1 
Bopri 

1 

April  10      .         .         . 
April  16      ,         .         , 
May  1          .         .         . 
Mayl9*    . 

00200 
00330 
00170 
0-0069 

140 

120 

10*3 

9-4 

April  30   . 
May  3       .        •         • 
May  7       .        •        • 
May  16     .        . 

0-0186 
0-0238 
0-0152 
0*0079 

28-9  1 
24^ 
23-3 
19-2 

The  quantity  of  nitrogen  in  sap  far  exceeds  that  of  the  ooagnlable  albumiiL 
Beyer  found  in  1  litre  of  birch  sap 0022  gram  of  albumin,  but  0*238  gnm  of  total 
nitrogen.  A  litre  of  hornbeam  sap  yielded  0*224  gram  of  mtzogen.  Calculated  oo 
the  dry  matter  of  the  sap,  the  total  nitrogen  was  in  the  case  of  birch  1*9,  and  with 
hornbeam  3*4  per  cent.  Ammonium  salts,  anda  ciystallisable  body  which  appeait 
to  be  asparagin,  are  among  the  nitrogenous  substances  present. 

The  total  ash- constituents  contained  in  the  sap  increases  rapidly  in  the  cue 
of  birch  after  bleeding  has  commenced,  and  falls  but  little  towards  the  end  of  the 
bleeding  period.  Thus  a  litre  of  birch  sap,  taken  near  the  g^nnd,  contained  oa 
April  11,  0*60  gram  of  ash ;  on  May  2,  it  had  reached  its  inaYimum  of  1*08  gam; 
and  on  May  18,  at  the  end  of  the  bleeding  period,  it  had  fallen  to  0*97  8^i^.  '^ 
proportion  of  ash  is  greatest  in  the  sap  from  the  lowerpart  of  the  tnink,  diminirfnM 
both  in  the  higher  parts  of  the  tree  and  in  the  root.  With  maple,  on  the  other  htnd, 
the  percentage  of  ash  does  not  apparently  diminish  at  higher  parts  of  the  tnmk,  and 
it  is  greater  in  the  root  than  in  the  lower  part  of  the  trunk.  The  distributian  of  idi 
in  these  trees  is  thus  nmilar  to  the  distribution  of  sugar,  and  is  doubtless  in  psit 
due  to  the  different  period  of  leaf  development  already  noticed.  It  is  evident  ^ 
sap  must  become  more  concentrated  in  the  higher  parts  of  a  tree,  by  the  eyapontion 
of  a  portion  of  its  water ;  if,  however,  the  soluble  matters  are  at  the  same  tine 
removed  to  form  tissue,  the  sap  may  become  weaker. 

The  nature  of  the  ash  yielded  by  birch  sap,  and  its  variation  at  different  hdgbti 
and  dates,  will  be  seen  from  the  following  rmlts  obtained  by  Schroeder.  The  lover 
sap  was  taken  at  0*28  meter  from  the  ground,  the  upper  sap  at  7*33  meters.  Um 
root  sap  was  from  a  point  2*9  meters  from  the  trunk ;  the  trunk  sap,  taken  the  preriooi 
day  for  comparison,  was  obtained  0*2  meter  from  the  ground.  10  litres  of  sap  oon- 
tained  in  grams : 


Birch  nap 

April  18 

AprflS8-S8 

AivilSO 

Mays 

ICijlf 

Lower 
sap 

• 

Upper 
sap 

Lower 
sap 

Upper 
sap 

Lower 
sap 

Upper 
sap 

Tmnk 

Boot 

Total  crude  ash . 

5*20 

2*90 

8*20 

4-20 

11-40 

6-40 

8-70 

6-80 

Potash 

Soda  .... 

Lime. 

Magnesia  . 

Ferric  oxide 

Phosphoric  acid 

Sulphuric  acid   . 

0*848 
0*109 

1*627 
0*403 
0011 
0*252 
0*104 

0*873 
0*078 
0-456 
0*204 
0006 
0*222 
0061 

0-893 

0-107 
3-180 
0-706 
0-031 
0-360 

-—  ■ 

1*009 
0*078 
1*166 
0-360 
0-011 
0-265 

1000 
0-236 
4-530 
0-476 
0-046 
0-862 

1*298 
0*115 
1-428 
0*434 
0029 
0-290 

1*404 

0-279 

2*640 

0-978 

0-086 

0-291 

1-502 
0^2 
1-586 
0-647 
0*067 
0*835 

The  first  six  analyses  refer  to  the  period  in  which  the  total  ash  increases  in  weight 
The  increase  in  the  lower  sap  is  chiefly  an  increase  in  lime  and  phosphoric  acid ;  the 
increase  in  the  upper  sap  is  principally  lime  and  potash.  The  sap  in  passing  from  the 
lower  to  the  upper  part  of  the  trunk  loses  a  portion  of  each  ash-constitaent«  except 
potash,  the  loss  being  greatest  in  the  case  of  lime  and  phosphoric  cund.  The  missiBg 
ash-constituents  have  doubtless  been  appropriated  to  the  construction  of  new  time; 
their  diminution  is  most  marked  at  the  latest  date,  when  leaf  developmettt  had 
probably  commenced.  The  increase  of  potash  in  the  upper  sap  is  certainlj  zemaik- 
able ;  possibly  the  potash  stored  up  in  autumn  out  of  the  withering  leaves  is  libeiatfld 
again  on  the  solution  of  the  starch.  The  root  sap,  2*9  meters  from  the  tnmk,  *v»i»»»— 

The  Johr  esbericM  g\\e&  tiio  waaa  ^sax^ss^  \i\A  vi\»a  ^^cAsssq^.  ^\«&.  ^^ 
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more  potash  and  phosphoric  acid,  and  less  lime  and  magnesia,  than  that  ftx>m  the 
tmnk  of  the  tree. 

Schroeder's  ash  analyses  of  maple  sap  are  given  in  the  following  table.  The  root 
sap  was  taken  1  meter  from  the  tnmk ;  the  trunk  sap  for  comparison  was  from  a 
height  of  0-25  meter.     10  litres  of  sap  contained  in  grams  : 


Maple  sap 

April  38 

May  5 

Height 
0*8  m. 

May  18 

Mays 

Mays 

Height 
0*8  m. 

Height 
0*8111. 

Height 
0*8  m. 

Height 
8-8  m. 

Height 
ft-8xn. 

Trunk 
tap 

1 
Root 
sap 

9-6 

Total  crude  ash . 

12-2 

2-708 
0-096 
2-404 
0-684 
0-060 
0-968 

10-9 

9-3 

10-9 

10-2 

13-2 

6-3 

1-661 
0066 
1-798 
0-304 
0-019 
0-364 

Potash 

Soda  .... 

Lime. 

Magnesia  . 

Ferric  oxide 

Phosphoric  acid 

3-529 
0-040 
2-262 
0-660 
0-012 
0-646 

8-009 
0-078 
1-462 
0-524 
0091 
0-357 

3-629 
0-040 
2-262 
0-660 
0-012 
0-646 

3-321 
0-321 
2142 
0-678 
0-112 
0-415 

1-345 
0*182 
2*656 
0-921 
0-067 
0-978 

1-867 
0138 
0-644 
0-281 
0-026 
0-474 

The  results  with  maple  differ  in  several  respects  from  those  with  birch ;  the  two 
are  not,  however,  strictly  comparable,  as  those  with  maple  belong  to  a  later  period  of 
the  season.  The  first  division  of  the  table  shows  that  lime  and  phosphoric  add 
greatly  diminish  as  the  season  advances.  The  second  division  shows  that  potash 
decreases  with  elevation,  while  lime,  magnesia,  and  phosphoric  add  somewhat 
increase.  The  relation  of  root  sap  to  tmnk  sap,  shown  in  the  third  division,  is  quite 
similar  to  that  seen  in  birch. 

In  order  to  compare  the  ash  of  the  sap  with  that  of  other  parts  of  the  trve,  the 
percentage  composition  of  the  pure  ash  of  two  of  the  specimens  of  birch  sap  is  given 
below ;  it  may  be  compared  with  Schzoeder^s  ash  analyses  of  birch  wood  and  bark 
already  given  (page  806).  Beyer's  analyses  of  the  ash  of  hornbeam  sap,  and  of  the 
spring  buds  from  the  same  tree,  are  also  shown. 


Birch  Sap,    April  20-21. 


Lower  sap 
Upper  sap 


Spring  sap   . 
Spring  buds . 


KH)  Na"© 
19-26  2-43 
88-96     1-94 


18-11 
23.66 


CaO  MgO  PeH)»  Mn-O*  P^C 
62-68  14-66  -28  —  614 
82-96     13-31     -34      —      7*79 

Hornbeam  Sap. 

42-86     11-74    3-62   697     6*34 
21.42     11-19      -76   2-67  2814 


S0» 

3-12 

2-76 


8-49 
8-97 


00- In 
Gl     emdeaah 
1-46     32-90 
1-96     29-46 


1-98 
2.68 


30-41 
21-20 


The  ash  of  the  upper  sap  in  birch  contains  a  larger  poportion  of  potash  than  the 
ash  of  any  of  the  solia  parts  of  the  tree,  but  it  is  rolatively  poor  in  phosphoric  acid. 
Maple  sap  is  even  richer  in  potash  than  birch  sap.  The  hornbeam  sap  contains  much 
less  potash  than  the  sap  of  birch  growing  on  the  same  soil,  but,  curiously,  about  eight 
times  as  much  manganese.  The  ash  analysis  of  the  young  buds  shows  in  what 
proportion  the  various  ash-constituents  are  removed  for  leaf  formation,  and  strikingly 
illustrates  the  great  demand  for  phosphoric  acid  in  a  growing  tissue. 

8.  Thb  Li4F. 

The  investigations  made  upon  the  leaves  of  forest  trees  are  extremely  nnmerons. 
The  composition  of  beech  leaves  in  various  stages  of  growth  has  been  investigated  by 
Zoller  (Jahretb,  J^,  Chem.  1864,  86),  and  Rissmmier  {jSbid.  1878-4,  i.  288),  and 
beech  and  Scotch  pine  leaves  \rf  Dulk  {Und,  1876-6,  L  134).  StodLhardt  has  made 
analyses  of  oak  and  larch  leaves  in  various  periods  of  growth  (  Ckem,  Aekermuum,  1866, 
168),  and  has  also  examined  the  leaves  of  fifteen  ower  trees  gathered  at  one  period 
{ibid,  49).  Fliche  and  Grandeau  have  examined  acada,  cherry,  birch,  and  chestnut 
leaves  (Asm,  Ckkn,  Pkt/$,  [6],  viii.  486).  SesUni  has  analysed  elm  leaves  (Jakretb,  Aar. 
Chem,  1876-6,  ii.  6).  Mulberry  leaves  have  been  investigated  by  0.  Karmrodt  {iSid. 
1868,  62 ;  1868-9,  163),  Th.  Gohien  (ihid,  1866, 199),  R  Keichenbach  (ibid,  1867,  68), 
Bechi  (ibid,  1868-9, 1 63),  Heidepriem  {ibid,  164),  and  F.  Sestini  (i&uf.  1870-72,  iL  14). 

The  compodtion  of  a  leaf  undeigoes  so  much  alteration  during  its  lifetime,  that 
it  is  imposnble  to  compare  the  leaves  of  different  trees  with  each  other,  except  when 
the  analyses  have  all  been  made  at  the  same  time.  Stockhardt  analysed  a  ^reat 
variety  of  leaves  collected  from  the  same  forest  on  July  29 ;  the  percentage  oonqpontioo 
of  the  dry  sahstaooe  was  as  foUowB*. 
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White  alder,  A.  incana 

Lime,  T.parvifolia 

Maple 

Hazel 

Oak,  Q.  pedunculata 

Willow,  S.  Caprea 

Elm,  U,  ejfusa    . 

Ash    . 

Birch  . 

Beech  •        • 

Aspen 

Black  alder,  A,  gUtHnoaa 

Hornbeam  . 


AlboxninoYdB 


17-76 
14-86 
14-86 
14-50 
1436 
12-37 
11-71 
11-21 
10-96 
10-64 
1008 
018 
7-81 


Non-nitro- 

genons  extrao> 

tiye  matter. 

52*09 
61-37 
64-56 
65-85 
67-70 
62*68 
61*50 
65-94 
o7*42 
61*43 
66*70 
73*49 
72*11 


Ffbre 


24-75 
16-15 
15-50 
14-50 
13*40 
1850 
19-15 
13*70 
1810 
23-75 
18-20 
13*25 
14*80 


Aflh 


4-50 
7-32 
5-08 
6-15 
4*54 
6*48 
7-64 
9*15 
3*52 
418 
5*02 
4*13 
5*28 


The  feeding  yalue  of  leaves  is  veiy  considerable ;  nearly  all  the  leaves  mentioned 
above  wonld  be  superior  in  this  respect  to  meadow  hay. 

Befbre  discussing  in  detail  the  composition  of  leaves,  it  will  be  well  to  show  the 
nature  of  the  changes  which  take  place  during  life.  Bissmnller^s  very  complete 
investigation  of  beech  leaves  gave  the  following  insults : 

1,000  fresh  beeeh  leaves  contained  in  grams  : 


Water  . 
Dry  substance 


Albuminoids 

Fat 

Extractive  matter 

Fibre    . 

Ash       . 


Potash  . 
Lime 
Magnenia 
Phosphoric  acid 
Silica     . 


lCaj7 


174*71 
53*22 


15*03 
1-25 

26-77 
7*69 
2-48 


0-77 
0-36 
0*19 
0-53 
0-04 


Jtmell 


158-70 
106*76 


20*21 

2*58 

56*02 

22*38 

5-55 


1*20 
1*38 
0-63 
0-46 
0-58 


July  14 


187-70 
145-36 


28*07 
2-64 
71-89 
31*92 
10-82 


1-28 
302 
0-99 
0-56 
1*76 


Aug.  11 


130*90 
134-90 


24*02 

2*71 
66-04 
29-93 
12-18 


1*19 
3-90 
1*02 
0*66 
2*33 


SepUU 


184*76 
121*56 


17-89 
5*88 
61*39 
26-06 
10*81 


1-14 
8*26 
0-88 
0-45 
1*97 


OctS7 


15605 
105*67 


12*68 
5*85 
53-27 
22-45 
11*41 


0*87 
3*57 
0-79 
0-86 
2-561 


Nor.  18 


134*08 
112*16 


8-76 

6-66 

55-30 

28-62 

12*801 


0-74 
4*21 
091 
0141 
2-96 


1,000  T^rts  offi'esh  beech  leaves  contained 


Water  . 
Dry  substance 


766-5 

597*9 

563-6 

492*6 

525*8 

596*3 

233*5 

402*1 

436*4 

507*4 

474-2 

403-7 

544*6 
465*6 


1,000  parts  of  dry  substance  contained  : 


Albuminoids 

Fat 

Extractive  matter 

Fibre     . 

Ash 


Potash  . 
Lime     . 
Magnesia 
Phosphoric  acid 
Silica     . 


282-501 

23*60 

502*6(^ 

144*60 

46-70 


14*58 
6*78 
3-57 
9*93 
0*87 


189*37 

24*20 

524*73 

209*70 

52*00 

11-31 

12*93 

5-95 

4-39 

5-44 


193*12 

18-20 

494*68 

219*60 

74*60 


8-84 

20-81 

6*85 

3-91 

1213 


178*12 

20*10 

489*58 

221*90 

90-30 


8-86 

28-96 

7-59 

4-09 

17-31 


14812 

48*40 

505*08 

214*40 

89*00 


9*37 

28-86 

7-25 

8-77 

16*23 


120*00 
65-40 
604-10 
212*60 
108*00 


8*28 

33*80 

7-65 

8-47 

2416 


7812 

69-40 

493*08 

255-20 

114*20 


6-60 

37-60 

8*20 

1-24 

26-44 


100  parts  of  crude  ash  contained : 


Potash  . 

Soda 

liime 

Magnesia 

Ferric  oxide 

Phosphoric  acid 

Silica    . 


31*23 
3-28 

14*96 
7-65 
0-76 

21*27 
1*87 


21*74 
1*32 

24*25 

11*44 
0*99 
8*43 

10*47 


11-85 

0-37 
27-82 
9-18 
0*78 
6*24 
16-26 


9*81 
0*83 

32-08 
8-40 
0-84 
4*53 

19*17 


10*53 
1*16 

30*37 
815 
1*17 
4*24 

18-23 


7*67 
1*58 

31*29 
700 
0-56 
3*22 

22*36 


6-78 
l-35j 

32-98, 
7-18 
052 
1*08 

28*19 
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LeaT80  contain  the  greatest  proportion  of  water  in  their  yonngest  stage  of  growth ; 
after  this  is  passed  the  percentage  of  water  is  chiefly  dependent  on  the  relations  be- 
tween supply  and  evaporation. 

The  &nt  division  of  the  table  shows  that  the  beech  leaves  increased  rapidly  in 
dry  substance  till  July,  and  ^m  that  time  began  gradually  to  lose  weight.  As 
soon  as  the  leaf  is  folly  developed  its  function  becomes  exclusively  to  supply  organic 
material  for  the  plant,  and  it  not  only  ceases  to  grow  itself,  but  as  autumn  comes  on 
a  considerable  part  of  its  own  substance  is  withdrawn  into  the  parent  stem. 

Green  leaves  are  rich  in  starch;  starch  is  continually  formed  by  them,  and  trans- 
ferred from  them  to  the  branches  and  trunk,  where  it  is  converted  into  woody  tissue,  or 
stored  up  for  use  in  the  following  spring.  Aoooiding  to  Fliehe  and  Gnmdeau,  the 
proportion  of  starch  in  the  leaf  is  greatest  at  the  commencement  of  autumn,  but  then 
rapidly  diminishes,  very  little  being  left  in  the  leaf  when  it  foils  f^m  the  tree.  The 
proportion  of  sugar  in  green  leaves  is  apparently  considerable ;  Gohren  found  a  large 
quantity  in  mulbeny  leaves.* 

Oellulose,  with  its  aooompanyinf  lignose,  diminishes  but  little  in  the  leaf 
after  fall  growth  has  been  attained,  and  consequently  increases  somewhat  in  percentage 
as  other  ingredients  of  the  leaf  diminish. 

The  quantity  of  tannin  in  beech  leaves  reaches  its  maximum,  according  to  Bulk, 
in  August,  and  remains  constant  till  November ;  the  peroentage  in  the  dry  matter 
increases  during  nearly  the  whole  life  of  the  leaf.  Handtke,  on  the  other  hand,  found 
that  the  proportion- of  tannin  in  oak  leaves  diminished  as  the  season  adranoed.  The 
percentage  ik  tannin  in  the  dry  substance  was  as  follows : 

JimeSS         JnlyM  Ang.SS  Sept.  26         Oct.  36  Not.  7 

Beech  leaves    .        116  1-80  2*40  2*98  2*80  3-68 

Jtme  1  July  91  Aug.  ft 

Oak  leaves  1287  9*94  7'43 

Fat,  wax,  and  resinous  matter  are  sometimes  present  in  leaves  to  a  considerable 
extent,  but  have  been  little  investigated.  Rissmuller  found  a  yellow  fot  in  beech 
leaves,  which  increased  both  in  absolute  and  relative  quantity  during  the  whole  life- 
time of  the  leaf,  forming  in  November  nearly  6  per  cent,  of  the  dry  substance.  GK>bren 
found  in  mulbenv  leaves  £rom  18*4  to  19*8  per  cent  of  fot  in  the  dry  substance. 

Bespecting  the  nitrogenous  constituents  of  leaves,  we  can  only  speak  of  the 
total  amount.  In  the  beech  leaves  investigated  by  Rissmiiller  the  mtoimtui^  quantity 
of  nitrogen  was  present  in  July ;  after  wMch  time  a  great  diminution  took  place,  the 
nitrogenous  matter  being  tranitf(6rred  to  the  growing  part»  of  the  trunk  and  branches. 
The  proportion  of  nitrogen  in  the  dry  substance  is  extremely  high  in  the  youngest 
leaf,  and  steadily  diminishes  during  the  whole  lifetime.  Many  leaves  contain  for 
more  nitrogen  than  the  beech  we  have  taken  as  our  illustration ;  in  mulberry  leaves 
8  per  cenL  of  nitrogen  in  the  dry  substance  is  apparently  common,  and  in  very  young 
leaves  6-6  per  cent,  has  boon  found.  The  percentage  of  nitrogen  and  ash  found  by 
Stockhardt  in  dry  oak  and  larch  leaves  was  as  follows : 

May  Jtme  July  August       September      October 


Oak  leaves: 

Nitrogen 

4-13 

2-48 

2-28 

1-67 

112 

106 

Ash 

6-70 

411 

419 

4*60 

6-40 

5-20 

Larch  leaves: 

Nitrogen 

4-60 

2-92 

1-71 

MO 

114 

0-88 

Ash 

6*05 

3-81 

4-60 

3-63 

4-56 

4-60 

The  absolute  quantity  of  ash  in  beech  leaves  rapidly  increases  till  July  or  August^ 
in  the  case  of  Rissmnller^s  investigation,  and  then  remains  at  near  its  maximnm  till- 
the  autumn.  The  percentage  of  ash  in  the  dry  substance  increases  through  nearly 
the  whole  life  of  the  leaf.  This  increase  in  the  proportion  of  ash  does  not,  however, 
take  place  in  the  case  of  all  leaves,  as  is  shown  l^  the  example  of  oak  and  larch  just 
quoted ;  it  depends  a  good  deal  on  whether  some  one  ash-constituent,  generally  lime 
or  silica,  is  being  steadily  stored  up.  fliehe  and  (irandeau  found  the  percentage  of 
ash  in  dry  acacia  leaves  increase  from  6'26  to  11*74  percent,  between  Mav  and 
October,  and  the  ash  of  birch  leaves  from  3*84  to  4*68  per  cent,  while  leaves  of  cherry 
and  chestnut,  from  the  same  forest,  showed  a  slight  diminution  of  ash  during  this 
period.  The  changes  in  the  composition  of  the  ash  are  very  similar  for  all  leaves, 
and  are  of  great  interest. 

The  table  shows  that  in  beech  leaves  the  absolute  quantity  of  phos  p boric  acid 

*  The  quantity  wbb  S4'7-S0'1  per  cent. ;  but  whether  this  is  per  cent,  of  the  total  dry  substance^ 
or  per  cent,  of  the  non-nitrogenous  eztraotiTe  matter,  is  not  made  clear. 
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scarcely  increaseB  at  all  during  growth,  and  thai  as  soon  as  autumn  oommeneet  a  laige 
part  is  inthdrawn  from  the  leayea  to  be  stored  np  for  use  the  next  seasoiL  The 
investigation  of  Dnlk  on  beech  leaves  shows  that  the  proportion  of  ralphoxie  acid  ii 
affected  in  a  similar  manner.  The  quantity  of  potash  in  tbe  leaf  increaaca  to  a  small 
extent  during  growth,  but,  like  phosphoric  acid,  it  diminishes  again  towards  the  eod 
of  autumn.  The  two  most  important  ash-constituenta  thus  increase  but  little  in 
quantity  during  the  life  of  the  lea^  and  are  more  or  less  withdrawn  firom  it  as  winter 
approadies.  It  is  quite  otherwise  with  lime,  magnesia,  and  silica ;  these  ray  ooo- 
Biderably  increase  with  the  age  of  the  leaf,  and  are  not  withdrawn  &om  it  in  autumn. 
We  have  thus  in  spring  a  young  leaf  extremely  rich  in  nitrogen,  j^oephorie  add,  and 
potash ;  while  in  autumn  the  old  leaf  is  poor  in  these  constituents,  but  rich  in  organic 
calcium  salts,  and  with  its  tissues  incrusted  with  silica.  The  pzoportioiis  in  which 
lime  and  silica  occur  in  autumn  leaves  depend  greatlv  on  the  character  of  the  sail ; 
the  same  kind  of  tree  may  yield  on  one  soil  a  leaf  ash  rich  in  lime  and  containing 
little  silica,  and  on  another  soil  an  ash  abounding  in  silica  and  containing  relatively 
little  lime.  According  to  A.  Vogel,  the  assimilation  of  silica  by  a  plant  depends 
greatly  on  the  amount  of  humus  present  in  the  soiL 

To  show  that  similar  changes  in  the  relation  of  the  ash-constituents  take  place  in 
the  leaves  of  evergreen  trees,  we  will  quote  the  results  obtained  by  I>nlk  with  Scotch 
pine.  He  ^therS  boughs  of  this  tree  in  July,  and  separated  the  leaves,  according 
to  their  position  on  the  branch,  into  leaves  of  one,  two,  three,  and  four  years  old ;  the 
latter  age  is  about  the  extreme  limit  reached  by  leaves  on  this  tzee.  In  1000  parts  oi 
dry  substance  he  found : 


Potash     . 
Lime 

Hagnesia. 
Ferric  oxide 
Manganese  oxide 
Phosphoric  add 
Sulphuric  add  • 
Silica       . 


Total  pure  ash 


One  year 
old 

Two  yean 
old 

Thxeejmn 

Wont  jesn 

8*04 

3-92 

400 

3-74 

2-88 

4-09 

5-89 

7-61 

0-77 

0-97 

179 

104 

1-97 

1-57 

1-69 

1-34 

1-71 

1-47 

206 

517 

2-14 

2-27 

1-92 

1-35 

0-82 

0-76 

—— 

0-19 

0-34 

0-58 

Ml 

20-83 

15-58 

18-47 

20*82 

The  following  ash  analyses  of  various  leaves  will  serve  to  complete  this  part  of 
the  subject.  The  analyses  of  acada,  cherry,  chestnut,  and  birch  are  by  Fliche  and 
Grandeau.  The  analyses  of  larch  leaves  are  by  R  Weber.  The  '  ash  in  dry '  is  pnie 
ash  in  Weber^s  analyses ;  in  the  other  cases  the  authors  have  omitted  to  state  its 
nature. 


Acacia: 

Ash  in 
dry 

K«0 

Na"0 

CftO 

MgO 

Pe«0» 

Mn"0' 

P^ 

S0» 

SIO« 

00"  in 

flnide 

Mb 

May  2. 

6-25 

30*60 

6-37 

20-82 

9*67 

0-91 

trace 

21-16 

7*39 

3*72 

5*08 

Julys 

7-76 

19*20 

5-71 

48-64 

1102 

1-43 

trace 

8-69 

3-63 

1-67 

21-62 

Oct.  18 

11-74 

3-25 

1-34 

72-00 

6-16 

V4S 

10-64 

1-90 

2*13 

1-68 

28-30 

Cherry: 
April  28      . 

7-80 

32-78 

1*89 

30-67 

7-82 

0-95 

4-42 

15*80 

4-34 

1*41 

17-60 

Julys. 

7-SO 

17-80 

6-44 

38-06 

18*88 

1-29 

5-62 

8-20  2-46 

1-76 

20i)7 

Oct.  2 . 

7-24 

11-82 

500 

4406 

17-79 

1-19 

13-25 

3-81 

0-79 

2-80 

23-88 

Chestnut: 

May  1 

4-60 

31-85 

2-39 

18-41 

9*16 

0-60 

11*84 

19*31 

4-98 

1-59 

7*34 

Oct.  12 

4-56 

1052 

2-69 

49*50 

6*90 

2*17 

12-52 

8*35  2-75 

4-67 

13*22 

Birch: 

April  30      . 

3-84 

25-54 

0-43 

28*72 

4-40 

0*72 

15-87 

17*46 

5-19 

1-73 

7*92 

Oct.  9-15    . 

4*68 

2-88 

4-67 

50*76 

16*41 

1-18 

9*81 

8*63  3-21 

2-54 

18-20 

Larch: 

Oct.  16 

3-57 

23-55 

1-73 

14*66 

8-60 

3-06 

28-70  3*151 

21-66 

0-64 

Nov.  25  ♦     . 

i 

3-99 

4-67 

1-36  21-98 

6*91  2*80 

3-74  1*62 

57-02 

4-80 

*  T\\Q\ewvc&co\VKX«9L«X^ta!i&^abXA\»&.^»!Skn&.l^^ 
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The  leaf-stalk  is  remarkably  rich  in  ash.  WolflTs  analyses  of  the  leaf-stalk  and 
leaf  of  horse-chestnut  "will  be  found  in  this  Dictionary,  iii.  178. 

When  leaves  wither  prematurely  from  excessive  heat  and  drouffht  in  summer,  their 
change  in  composition  is  not  nearly  so  complete  as  in  the  gradual  autumn  withering. 
According  to  G.  Kraus,  such  leaves  retain  the  greater  part  of  their  nitrogen  and 
phosphoric  acid,  but  a  considerable  part  of  the  potash,  and  the  whole  of  the  starch,  is 
transferred  to  the  tree.  The  loss  of  valuable  constituents  to  the  tree  is  thus  greater 
in  cases  of  premature  withering. 

Church  nas  lately  shown  (Chem.  Newt,  xxxvi.  237)  that  a  remarkable  difference 
exists  in  the  composition  of  the  white  and  green  parts  of  variegated  leaves.  He  ex- 
perimented on  maple  leaves  {A.  Negtmdo)  collected  Sept  17 ;  on  leaves  of  holly 
collected  Sept.  24  ;  and  on  leaves  of  ivy  collected  Oct,  4 : 

1 00  parU  offnah  leaves  contained  : 


Water 

Organic  matter  . 

Ash    .... 

Maple 

Iry 

Holly 

Orsen 

72-70 

24-22 

808 

White 

Green 

White 

Oreen 

White 

82-83 

15-15 

2-02 

6613 

31-63 

2-24 

78-88 

18-74 

2-38 

62-83 

35*41 

2-47 

74-14 

23-66 

2-20 

1000  parte  of  dry  mbetance  contained  : 

Potash        . 
I^me .        t        .        • 
Magnesia  .        • 
Phosphoric  acid . 

14-22 

4504 

536 

9-93 

62-97 

12-80 

4-64 

1714 

11-85 

32-11 

069 

2-56 

53-19 

14-54 

1-25 

12-03 

10-58 

22-45 

1-59 

4-75 

30-03 

18-29 

2-75 

8-09 

Total  crude  ash  . 

112*82 

117-64. 

66-14 

112-69 

65-21 

85-07    ; 

1 

The  white  portion  of  the  leaf  contains  in  every  case  a  larger  amount  of  water 
than  the  green  portion.  The  dry  matter  of  the  white  portion  is  richer  in  nitrogen, 
but  poorer  in  fatty  matter  than  the  green.  The  proportion  of  the  ash-constituents  in 
the  variously  coloured  tissues  is  very  remarkable.  The  green  portion  of  the  leaf 
shows  the  usual  autumn  characteristics,  containing  comparative^  little  potash  and 
phosphoric  acid,  but  a  high  proportion  of  lime.  The  white  part  of  the  leaf  is,  on  the 
other  hand,  extremely  rich  m  potash ;  it  contains  a  larger  proportion  of  phosphoric 
acid,  and  but  little  lime.  The  total  amount  of  ash-constituents  is  also  greater  m  the 
white  leaf.  The  circumstances  which  determine  this  striking  difference  in  composition 
have  yet  to  be  sought  in  further  investigation.  For  Ghurdi's  later  investigation,  see 
IVaneactions  Chem,  Soc.  1879. 

Both  the  size  and  the  composition  of  a  leaf  are  greatly  affected  by  climate.  As 
elevation  increases,  and  the  tree  becomes  less  luxuriant,  the  leaf  becomes  smaller,  and 
its  percentage  of  ash  less ;  the  proportion  of  nitrogen  and  water  will  also  probably 
decrease.  R.  Weber  collected  beech  leaves  at  the  beginning  of  August  from  forests  of 
various  elevation : 


It  above  tea. 

Sufaoe  of  1000  leaves. 

Per  cent  awh. 

meten 

■qnare  meten 

Indxy* 

133 

3-414 

— 

237 

2128 

6-97 

324 

2112 

6-70 

514 

1-674 

4*96 

685 

1-500 

5-32 

1043 

1-083 

2-84 

1344 

0-910 

3-94 

Weber  found  that  the  small  amount  of  ash  yielded  by  the  leaves  of  elevated  regions 
was  far  richer  in  phosphoric  and  sulphuric  adds,  and  also  in  potash,  than  the  ash  of 
leaves  at  a  lower  level ;  the  ash  from  the  latter  leaves  was,  on  the  other  hand,  richer 
in  lime  and  silica.  The  small  leaves  of  elevated  regions  are  clearly  in  a  less  mature 
condition  than  those  produced  in  a  more  genial  climate,  and  this  more  backward  state 
of  development  is  apparently  the  chief  cause  of  their  difference  in  composition. 

•  Not  being  able  to  refer  to  the  original  {Allgemelm  Ford^.  Jagdteitung,  1876,  S21).  the  writer  is 
oncertain  whether  these  ash-peroentagea  belong  to  the  leaves  coUec^Ad  Vci  koi:Qa^*^^jDsn^V<S4t^«c^ 
undoubtedly  refer  to  leaves  fhnn  the  same  forests.  « 

3rd  Snp,  3  Q 
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Weber  also  determined  the  ash  in  larch  leaves  from  different  elevBdona,  aad  Homd 
the  same  diminution  of  ash  with  increased  elevation ;  the  ash  of  leaves  at  1068  metsnT 
height  was  about  one-half  that  of  leaves  at  117  meters.  The  phosi^oric  acid  sad 
potash,  however,  in  this  case  appeared  to  diminish  with  the  diminishing  propocticsi 
of  ash. 

Illustrations  of  the  effect  of  soil  upon  the  composition  of  leaves  have  been  alreadj 
given,  see  p.  810. 

4.  TuK  Blossom,  F&riT,  Axm  Sbrd. 

The  researches  on  this  part  of  the  subject  have  been  very  limited.  Church  has 
made  a  partial  analysis  of  tne  female  blossom  of  the  elm,  collected  after  it  bad  fidleo 
from  the  tree.    1000  parts  of  dry  substance  contained : . 


Nitrogen 

Pot«8h 

Lime 

Phosphorio  add    Sulphuric  add 

Silica 

Total  adi 

33-1 

23-9 

11-4 

9-7                   13-4 

10 

81-5 

The  proportion  of  nitrogen  and  phosphoric  add  in  the  blossom  is  similar  to  that 
in  young  leaves  ;  the  proportion  of  potash  and  sulphuric  acid  is  remarkably  high. 

E.  W'olff  determined  the  ash -constituents  present  in  the  various  parts  of  hone- 
chestnut  blossom  with  the  following  results.     100  parts  of  pure  asn  contained  as 

follows : 


Blossom  stalk 
Calix  and  ovary  . 
Corolla 
Stamens 

Pure 

ash  in 

dry 

K«0 

64-08 
61-72 
61-22 
60-73 

CoO 

MgO 

1-31 
687 
3-84 
3-09 

PW 

1708 
16-63 
16-97 
19-52 

SO* 

8*52 
3-73 

SIO* 

CO- in 
CI        crude 

9-36 
618 
4-78 
616 

9-29 
1226 
13-62 
13-77 

0-73 
1-68 
1-44 
0-74 

613 
2-37 
3-76 

2-78 

17-64 
2210 
21*64 
21-50 

The  ash  of  all  parts  of  the  blossom  is  seen  to  be  extremely  rich  in  potash,  and  to 
contain  a  considerable  amount  of  phosphoric  acid.  The  different  portions  of  the  flower 
are  very  similar  both  in  the  amount  and  character  of  their  ash -constituents,  bat  the 
dtalk  contains  a  double  quantity  of  all  the  more  important  constituents,  a  fact  similar 
to  that  already  observed  in  the  case  of  leaves. 

The  composition  of  some  of  the  fruits  of  forest  trees  is  given  in  the  following  table. 
As  the  percentage  of  water  in  the  fresh  fruit  is  not  given  in  some  analyses,  and  in 
others  the  fruit  had  obviously  lost  water  before  examination  commenced,  the  results 
have  all  been  calculated  on  the  dry  substance,  and  the  highest  percentage  of  watei 
givrn  in  a  side  column : 


Number 

of 
analyaes 

Water 

in 
treeh 

Albu- 
iminolds 

Fat 

Garbo- 

hydratea 

75-98 

Fibre 

Aril 
2-32 

Acorn,  with  shell 

6 

6600 

5-60 

4-63 

11-67 

„       kernel     . 

.  '     6 

43-34 

6-38 

4-55 

81-12 

6*60     2-35 

„       shell 

1 

25-00 

2-44 

0-93 

69-12 

36-46     206 

Chestnut,  with  shell 

1 

64-61 

8-61 

3-96 

80-47 

4*92     216 

„          kernel 

3 

48-76 

14-32 

2-68 

7632 

3-32  1  3*45 

Horse-chestnut 

' 

49-20 

12-60 

2-76 

76-19 

6-71     2-75 

Walnut,  kernel  . 

1 

44-60 

22-62 

66-94 

1604 

1-44     306 

Filbert,  kernel  . 

1 

48-00 

16*16 

64*81 

21-36 

4-81     2-88 

i 

The  table  illustrates  the  composition  of  two  great  classes  of  seed,  in  one  of  which 
— as  in  acorn  and  chestnut — the  reserve  of  carbonaceous  matter  is  in  the  form  of 
starch  ;  while  in  the  other— as  in  walnut — it  is  in  the  form  of  fifit. 

The  following  ash-analyses  of  fruit  and  seed  are  taken  from  E.  Wolff*s  Asehen 
Analyaen,  with  the  exception  of  the  analysis  of  larch  seed,  which  is  by  AndersoD 
(Highl<tnd  8oe.  Trans.  1851,  26). 
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In  the  ash  of  the  cheptnut  kernel  Dietrich  found  1*15  per  cent,  of  alumina,  and  ta 
the  ash  of  the  shell  6'86  per  cent. 

The  ash  of  a  seed  is  generally  small  in  quantity,  less  fbr  instance  than  tiiat  of 
leaves  or  bark ;  but  it  is  hieh  in  quality,  containing  generally  a  lar^r  propoitioa  of 
phosphoric  acid  than  the  ash  of  any  other  part  of  the  plant,  and  being  also  rich  in 
potash.  It  is  interesting  to  observe  the  wide  differance  between  the  ash  of  the  shell 
and  kemeL  The  former  is  very  small  in  quantity,  and  contains  far  ksas  phosphorie 
acid,  and  also  less  potash  than  uie  ash  of  the  kernel,  but  is,  on  the  other  hsAd,  rich  in 
lime,  and  sometimes  also  in  silica.  The  green  or  fleshy  covering  of  the  seed  tontains 
more  ash- constituents  than  the  hard  shell,  and  is  generally  rich  in  potash. 


5.  The  Forest  LriTBB. 

Forest  litter  consists  mainly  of  dead  leaves,  but  will  contiun  also  the  bark, 
branches,  and  seed  vessels  which  fall  from  the  trees.  If  left  undisturbed  it  may 
become  mixed  to  a  more  or  less  considerable  extent  with  moss  and  lichen.  Whero 
fern,  heather  and  other  low-growing  plants  prevail,  these  also  will  contribute  to  the 
forest  litter.  The  quantity  of  leaf  litter  annually  produced  has  been  carefolly 
determined  on  87  experimental  sites  in  the  Bavarian  forests ;  the  results  are  given 
in  £bermayer*s  GeaammU  Lehre  der  WakUtreu.  The  average  quantities  found  were 
as  follows : 


Description 
of  forest 

Number  of            j  Weight  of  air-dry  Utt«r 
annnal  determinstionB  |      in  poonda  perftcre     ' 

1 

Beech,  30-60  years  old      .        .        . 

60-90        „            ... 

„        over  90       „            ... 

74 
47 
49 

3734 

8655             ' 

3611              ' 

Spruce  fir,  30-60  years  old 
60-90 
„              over  90      „            .        . 

74 
52 
53 

3589              ! 
3014 

2922              ! 

1 

Scotch  pine,  25-50  years  old    . 
50-75 
75-100      „ 

55 
31 
27 

3033 
3117 
3776              1 

The  amount  of  litter  varied  much  in  individual  years,  and  was  much  greater  in 
some  forests  than  in  others.  It  is  the  custom  in  many  of  the  German  ibreats  to 
remove  at  least  half  of  the  litter,  and  to  employ  it  on  Uie  neighbouring  fiirms  for  the 
bedding  of  animals,  and  as  manure.  The  following  table  shows  the  average  weight  of 
air-dry  litter  in  pounds  per  acre  when  it  is  left  to  accumulstte  for  various  periods ;  the 
determinations  were  made  at  the  Bavarian  stations  already  referred  to : 


Age  of  Utter 

Beech 

Spmoeflr 

Scotch  pine 

One  year 

Three  years       .... 
Six  years           .... 
Many  years       .... 

3667 
7287 
7553 
9301 

V 

3158 

6778 

8384 

12372 

3308 

8024 

12258 

16321 

Beech  litter  rapidly  sufiers  decomposition  ;  the  six  years'  litter  is  little  more  than 
twice  the  weight  of  one  year* s  deposit  Decomposition  proceeds  at  a  much  slower 
rate  in  the  case  of  fir  or  pine  litter,  the  accumulations  in  pine  forests  thus  become  b 
time  very  considerable.  The  three  years'  and  older  litter  of  pine  foresta  will,  how- 
ever, include  a  certain  quantity  of  moss.  Where  the  forest  is  not  sufficiently  close,  bot 
admits  air  and  light  freely  to  the  soil,  there  litter  will  not  greatly  accumulate,  nor  is 
a  thick  layer  of  vegetable  soil  formed ;  oxidation  under  these  circumstances  takes 
place  rapidly,  and  the  valuable  ingredients  of  the  litter  are  speedily  assimilated  bj 
the  vegetation  which  takes  possession  of  the  soil. 

Recently  fallen  leaves  contain  30-50  per  cent,  of  water.  When  completely  air- 
dried,  forest  \\t\AT  vA\  eim^avu  Yl-\^  yax  <i«tvt.  water. 

The  propoitioii  oi  ii\\,To%ftii  \xi  %wftfc  oS.  \>cv^  ^i^^tsl^i^^q^.  ^^ke!^  ^  Vn«^  '^onx«.  Va& 
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been  datermioed  b;  Krutzbcb  (CAnn.  AdtertmnHu,  1866,  168),  and  tlio  nitroguo  in 
mo«9  by  R.  HofmaoD  {Laid,  J'eri.-Siat.  i.  S69)  ;  but  no  complrte  inreHtigHtiun  of  the 
nitRigen  id  litur  haB  been  made.  Krulzach  found  ths  foUowiug  peKentogea  of 
nitrogen  in  iho  dry  matter  of  fiillen  iMreg,  ftc  : 

Spruce  fir  luives ISH 

„  twigs 0'67 

„      „  conee 037 

Scotch  pine  leavn 1-89 

Larcb  Isares        ...  0-S8 

Beech  laaTes U'80-r:i4 

OeklMVM 1-05 

Hofnwan  found  the  percentAge  of  nitrogen  in  dry  moua  to  bo : 


cnpwMUo 

splBadBDi 


,        BilTestra 

CliDuuioin  dendroidee 
PoljtTicbfiin  commooe 

m  of  ths  Tuiona  Bih-c 


le  propoiUon  of  ths  Tuiona  Bah-conaCitasnti  in  fonat  leaf  litter  iii  ahoru 
D  thefoUoiriDg  (Able;  the  compoaition  of  foreat  hnmna,  the  final  produet  of  litter,  ia 
ulao  given  for  compoiiaon.  The  tuuilyaea  are  t>keu  fVou  fibermajer'a  Die  gaamoUe 
Lihrt  itr  Waldttren,  with  a  few  additlona  from  Dnlk  {Ltmd.  Va-t.-Stat.  xriii.  ZUS). 


vmovuinaAn 

ualjH 

Fan 

K, 

»., 

»« 

KjO 

n 

I-O" 

SO' 

HO-  I 

Beech  leaf  UUer: 

Higheat  percentage.  . 

«»■! 

K'KI 

w 

;(4'Wi 

«■»¥ 

/i+7 

fiHfi 

'/■ft^ 

fiO-8( 

Loweat  parcenUgea    . 

iOM 

OUl 

(111 

IH-91 

IW 

(IBfi 

n-w 

&'» 

38 

tl\\> 

'*-Hl 

O-flfi 

V.4'4! 

a-ftl 

•^■H^ 

I'K 

Oiik  leaf  Utter: 

72fi 

4'tl 

2-71 

27-1 . 

fl-02 

l-Rfi 

s-nf 

an 

30-4( 

Loweat  porcenlagea    . 

4aM 

U-M 

i7-o; 

MH 

'/■i( 

"■7ft 

10'8( 

f,h-\ 

a'HI 

\-l.\ 

T2ftf 

H'Hl 

V,'Wf 

i-fii 

iS'B: 

Spruce  fii  leaf  litter; 

67'4u' 

101  u 

•i-vi 

vu 

BSM 

41! 

M-«^ 

Mf 

Rl'1 

(l-ili 

,VH( 

0-7< 

1-2( 

n'4: 

3'M 

18 

4.va 

9fl-'«i 

V'ai 

le-At 

Larch  leaf  litUr  . 

IHi 

a-si'. 

87! 

2-71 

I'.V 

(Iff/ 

22'Bl 

SiUerfirloaf  litter: 

u-n 

4-,V 

(J'Hi 

sm-h; 

H-dii 

1-7' 

4-(l> 

}-M 

4-9; 

lU-B 

I'UI 

(!■;(; 

fl-M: 

rii 

O-'i'j 

2'1( 

(J7I 

0'5) 

fi 

■Mi; 

ri-.i; 

■M-vi 

•}.-(•• 

I'tir 

?H( 

n-BJ 

■2'3I 

Scotch  pine  leaf  litter: 

SO-D 

i-ii; 

10'3I 

S-fil 

lU 

1-/H 

(I'JW 

a-7; 

lO'V 

U'H 

o-rj 

(I'm 

0-4V 

1-31 

U'7 

I'ft 

(»■«! 

fl'Ml 

lA 

fl-4i 

0-fi; 

2'i; 

HumuB,  beech  foreat    . 

A-A-i 

i-h\ 

ll'V,h 

HI'VV 

■^.v 

8'ii; 

l-Hf 

BO-o: 

„       Or  foreat . 

1 

440 

•i'lU 

ua« 

asau 

17M 

2-SO 

4'm 

.7fl 

7liO 

The  percentage  cumpoaition  of  the  uah  of  leaf  litter  ia  bhown  in  the  next  table. 
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!  Beech  leaf  litter: 
Highest  perL-EQtagos 
Ijjveal  ptrcentiigwi 

Onk  leaf  litter! 
I      HighoBt  porcBnljigM 
I      lowest  ppreentagBS 

;  S'pnice  fiileaf  litter: 
I  Higbust  percentHges 
I      Lovsst  peicentiges 

Lurch  leaf  litter 

.-or  fie  leaf  litter: 
.  Higheat  pcrcenMgeH 

Lowest  percentages 

Mean     . 
icotph  pine  leaf  litter: 

Higti^t  peKi'iilagOfi 

Lowoiit  porctntjtges 


'    K*0  Kn-O  OtO    KgO  Fet)*  Pt)*    fW    ► 


i  10-5    01 
0     1-*     23 

i    Z-O'  6-8 


a  10-3 'l2l'  -S-I  I 

S    10  '  4-3  !  2-9 

2    38    8-3  3-7  1 

9    9-2    6-S  4-3  i 


ilj  present  in  the  leaf  litter  of  fir  ud 

We  have  nlreiulf  seen  (mge  817)  tk&t  thi 
greatly  iaflaenced  by  the  eferation  abbre  the 
both  Uie  proportion  of  total  ash,  and  of  photphoric  ecid  in  leaf  litter. 

Ebermajer  givoe  the  composition  of  litt«r  from  aereml  elevations  ;  the  folloring 
are  axamplea:  Beech-leaf  litter  from  1040  metere  sbore  the  »a  contalaed  ia   lOOU 

C  of  dry  matter  lD-3  of  pure  ash,  and  1-7T  of  phosphoric  acid  ;  while  f  Am  thelocer 
of  130  meters,  Uie  total  esh  amounted  to  99-1,  and  the  phoephorio  acid  to  fiB5. 
Spruco  fir  litter  shoved  less  regular  Toriations  of  the  total  ash  thou  beech,  but  a 
coaiideiabie  alteration  in  the  phosphoric  acid.  At  935  meters  epmce  fir  litter  yielded 
37-fi  of  pure  ash,  and  Igl  of  phosphoric  acid  ;  vhile  at  IDO  meters  it  contained  48'3 
of  ash,  and  3'B4  phosphoric  acid.  The  litter  from  Scotch  jiine  shows  least  Tuistioa 
in  the  proportion  of  pooaphoric  acid  of  all  the  iitlers  examined. 

The  otlier  influences  which  affect  the  composition  of  leaf  litter  are  the  ebancter 
(^  the  soil,  and  the  age  of  the  litter.  The  respeclire  proportions  of  lime  and  nlica 
are  greatly  dppeadent  on  the  character  of  the  soil ;  a  colcareona'  soil  will  prodoea  a 
leaf  !itt«r  rich  in  lime  and  poor  in  silica,  while  on  a  siliceous  soil  tJie  rerene  will  l« 
the  cuae.  The  Terr  variable  amonnts  of  lime  and  silica  in  tJie  analyses  already  qnoted 
are  chiefiy  due  to  tLis  cause. 

The  olfect  of  age  upon  the  compoaition  of  forest  litter  has  been  little  studied. 
Schroeder  has  shown  ^ot  fresH  beech'leaf  litter  treated  with  water  loses  63'S  prt 
cent,  of  its  potash,  S5'3  per  cent,  of  its  sulphuric  acid,  197  per  cent,  of  phospharie 
acid,  and  19'fi  per  cent,  of  magnesia,  but  only  4'G  per  cent,  of  lime.  The  first  effect 
of  rain  on  litter  is  thns  In  remove  potash,  and  increase  the  propcstion  of  lime.  The 
percentaj^e  of  total  oah  in  tiie  litter  may  also  rise,  if  the  oxidation  of  the  orgenic 
matter  proceeds  more  rapidly  thaji  the  solution  of  the  ash.  The  following  table 
show»i  aaalysRS  by  Dulk  of  beech-leaf  litter  one  and  three  years  old,  both  from  thr 
samo  forest ;  also  analyses  quoted  by  Kbennayvr  of  recent  lioech  littor,  and  of  beech 
lininus,  both  from  the  tuuiu  tuittt. 
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lOmpnrUofdry 

ub 

K-0 

».„ 

™ 

MgO 

1-98 
207 

5-47 

2-01 

3-2B 
3-60 

128 

„ 

... 

B«dl  litt«, 

threayBOrs 

«2-4 
61-8 

1-27 
O-Bl 

O'Ifl 

o-i( 

0-31 
0-26 

la-as 
27-90 

1-3S 

19-08 
2199 

Be«h  litter, 
Huirnig  fnrai 

r™X„; 

46-3 
43-2 

3-B2 

17-00 
10-22 

4'60 
2-S4 

1-73 
S-D7 

r 

4-23 

2-75 

0-84 
1-86 

1497 
20-03 

lOOparUq/t/UatMeontain: 

Baech  Urar, 

omysBTold         .    2'14  0-32  3S-12|  3-81  10-51     63a 
thiw  yoM»  uld    .     1-48  "'IB  45-30  3'36    3-26    68* 

a-46!  2-W 
328  2-li 

36-87 
35  71 , 

32-34 
46-37 

B«eli  litter. 

Hum,,-  ivm 

onoyoaruld          .     S-64  (1-68  SB'?!  O'lH    3;3      — 

9H 

1-82 

In  the  Barariai  foraMs  it  in  reckoaed  that  3-8  jears  are  neoeeuiy  fur  ths  furma- 
tioD  of  htimiu  from  tha  leaf  littar  of  conifenUB  trees,  and  2-d  yeara  in  thu  caae  of 
litter  &am  deciduoua  treea.  The  presence  uf  tannin  or  reainaua  mattor  retards 
decompontioD,  while  lime  Or  aUaliea  aiaiiit  iL  The  dnoa;  of  foraat  litter  ii  to  a  great 
extent  brought  stntit  bj  the  agency  of  fuag-i. 

We  tiBTB  alresdj  itst^d  that  moai,  lichen,  fern,  &e.,  fhiquentlj  contribute  to  forest 
litter.  Moaa  ii  chieflj  nbandaat  in  pine  fbreats  which  are  of  infficienC  we  to  ailniit 
light  freely  to  tbe  lOili  it  flourish ea  most  in  moiet  eloTat«d  sitsations.  The  growth 
of  lichen  in  aboiidanee  indicates  groat  poTectj  of  the  soil.  FfTO,  on  the  other  l^d,  ia 
eztrmnelj  rich  in  the  more  valaable  aah-conitituents.  The  following  ash-analjaes 
win  urre  U>  illnstnUi  this  part  of  the  snliject.  The  thm>  analyaea  of  HypHntn  are 
from  the  Bavarian  eipcritneDta  qnotrd  by  Ebermajpi,  tha  renuiiDdBr  are  qooted  from 
Wolff     The  two  analjaea  of  f/.  Filix  mat.  do  not,  unCbrtanately,  refer  to  plants 


mthOH 


eniL 


IMMpuUofdlT 
HitKluoe  onitain : 

Homba 

i" 

K-O 

1 
H.«0 

» 

MgO 

1-82 
3-03 

0-73 

1"0" 

4-78 

12-40 
1-94 

0-82 

1-fl 
1-3 

3-2 
4'D 

01 

1 

4-88 
7-37 

3 

Mosa: 
//yi««m.TBrioui  specie* 

.V.  FUix  mat.  (June)     . 

Lich'onr  "     '^^'"'^  " 
a  ranffiffTina 

7 

1 

31-0 
268 

78-4 

76-8 

7-61 
3-46 

as.. 

3009 
108 

1-4 

21 

U-0 
to-o 

.V47 

-i9S 

7  00 
14-17 

t-3S 

2-5: 

&-00 
8-26 

0-19 

100  parts  <)f  tit  pmvatkcaUain: 

1 

milj'K. 

S'O 

u.-o 

c„ 

KgV 

^ 

™ 

BO- 

„ 

itgmtvrn,  varions  spBciea 

J^iT^o..  (Jane)       .          . 
„          ..     (October)  .          . 
Flrrif  aqttilina      . 

23-0 
13-S 
18-3 
39-8 
19'4 
B5 

8-4 

3-0 
S-3 

1-1 

20-S 
11-9 
8-8 
18-7 
12-6 

81 

as 

7-4 
8-3 
23 
10 

6-3 

11-8 
1-0 
1-0 
3-9 

y-2 

4-6 

4-5 
16-6 
2-6 
B-2 
2-8 

4-0 

s-n 

41 
5-4 

1-8 
1-5 

17-3 

as 
6-Q 
4-4 

J  3-7 
70-3 

For  ash-analysea  of  a  variety  of  other  forest  plants  we  mast  refer  to  Wolffs 
Alehai  Analgiat. 

The  importance  of  forest  litter  in  promoting  a  rigorous  growth  of  limber  <iin 
hardly  be  orerrated,  the  reraoTal  of  litter  ^m  the  forest  is  conseqaantlj  in  most 
CASM  Tery  Dndesirable.  Where  the  litter  remains  undiitnrbed  it  giadually  forms  a 
forest  soil  rich  in  hamus.  Such  a  soil  has  a  great  power  of  retaining  water,  eieeeding 
ill  this  respect  all  daseciptions  of  arable  soil.  Where  this  humns  stril  is  developed, 
trees  may  be  nceessfnllr  caltivntod  on  »teop  hill  sides,  and  in  stony  ngioDS,  wbiob 
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would  else  suffer  greatly  both  from  drought  and  the  effects  of  floods.  Hmuan  aUi 
assists  greatly  in  the  disintegration  of  a  rocky  soil,  and  in  the  solution  of  the  miofriil 
plant  food  which  it  contains.  The  decay  of  forest  litter  will  also  enrich  the  atmo- 
sphere of  the  forest  with  carbonic  acid,  and  thus  promote  a  vigorous  vegetation.  The 
physical  properties  of  forest  litter,  and  of  humus,  hardly  fall  within  the  scope  of  the 
present  article ;  they  are  fully  treated  in  Ebermayer*s  excellent  woik  already 
referred  to. 


6.    The  Annual  RifiQUiBKHB2frs  of  ▲  Fobiist. 

The  careful  determinations  made  in  Grermany  of  the  average  produce  of  fbrestb, 
both  in  wood  and  leaf,  coupled  with  the  analyses  made  of  these  products,  enable  u^ 
to  calculate  with  more  or  less  precision  the  quantity  of  matter  annually  removed  by 
an  acre  of  forest  from  the  soil  and  atmosphere.  The  two  following  tables  are  quoted 
from  Ebermayer.  The  first  table  gives  the  annual  ^[rowth  of  wood,  and  the  azmnal 
production  of  leaf  litter,  as  determined  at  the  Bavarian  experimental  stations ;  the 
wood  is  inclusive  of  roots. 


DcBoription  of  forest 

Nnmberof 
experi- 
mental 
stations 

Dry  matter  in  lbs.  per  acre 

Leaf  litter 
to  100 
wood    ' 

1 

Total 
wood 

Leaf 
Utter 

Total 
produce 

Beech,  30-60    years  old   . 
„        60-90         „ 
„        90-120       „ 

11 
7 

7 

2930 
2436 
3099 

3002 
3006 
2917 

6932 
6441 
6016 

102 
123     ; 

94     1 

Mean          ..... 

26 

2822 

2976 

6796 

106 

Spruce  fir,  30-60    years  old 
„             60-90       „ 
„             00-120     „ 

12 

9 

10 

2744 
3346 
3106 

3006 
2660 
2483 

6760 
6906 
6688 

110     : 
77 
80 

Mean 

31 

3064 

2683 

6748 

88     1 

Scotch  pine,  26-60    years  old . 
60-76      ., 
76-100    „ 

10 
6 
6 

2166 
3636 
2962 

2614 
2678 
3244 

4770 
6213 
6206 

121 

76 

110 

Mean 

21 

2884 

2846 

6730 

99     : 

The  mean  annual  production  of  dry  matter  by  the  three  descriptions  of  forest  is 
seen  to  be  wonderfully  accordant^  it  averages  6766  lbs.  pw  acre.  This  qiuuitity  of 
dry  matter  is  considerably  in  excess  of  that  vielded  by  average  farm  crops,  which, 
except  in  the  case  of  turnips,  mangels,  and  other  root  crops,  seldom  exceeds  4000  lbs. 
per  acre.  In  a  forest  there  is  an  enormous  development  both  of  foliage  and  root,  and 
m  consequence  great  scope  for  assimilation.  About  one-half  of  the  dry  matter  pro- 
duced is  in  the  form  of  leaf,  which  is  finally  returned  to  the  soil  as  forest  litter. 

The  amount  of  carbon  in  the  annual  produce  is  given  by  Ebermayer  as  follows ; 
the  figures  are  translated  into  lbs.  per  acre : 


Carbon  in  wood  . 
Carbon  in  leaf  litter 


Total  carbon 


- 


Beech 


1397 
1263 

2660 


Spmoeflr 


1677 
1163 


Scotch  pine 


1484 
1268 


2730 


2742 


The  mean  amount  of  carbon  assimilated  by  an  acre  of  forest  is  thus  2711  lbs.  per 
annum ;  such  an  amount  of  carbon  would  be  contained  in  the  volume  of  air  lying  apon 
an  acre,  if  the  stratum  of  air  is  reckoned  as  10  meters  in  height,  and  renewed  fourteen 
times  during  thck  ^^riod  of  vegetation.  If  we  assume  that  an  adult  man  exhales  daily  800 
grams  of  catbomc  ad^,  \iXvwi  wi  <\ft.T^  qH  ^qxcisX.  ^«^  ^^\i<sKi:css.^  vol  ^  -^^ajt  tKe  products  of 
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respiration  of  15*4  meo.  A  coDsiderable  part  of  the  carbon  required  by  a  forest  will, 
however,  be  supplied  by  the  gradual  decay  of  the  fallen  leaves.  The  atmosphere  of  a 
forest  receives  from  this  source  a  special  supply  of  carbonic  acid. 

The  quantity  of  nitrogen  annually  demanded  by  an  acre  of  forest  cannot  be 
stated  with  any  exactness,  as  very  few  determinations  of  nitrogen  have  been  made 
either  in  wood  or  leaf  litter.  Talong  Schroeder*s  determinations  of  nitrogen  in  beech 
wood  (p.  803),  and  Kmtzsch's  analysis  of  beech-leaf  litter,  there  would  be  required 
for  the  annual  growth  of  the  wood  7-8  lbs.  of  nitro^n,  and  for  the  leaf  about  30  lbs. 
As  the  nitrogen  of  the  leaf  is  all  returned  to  the  soil,  the  requirement  of  a  forest  in 
nitrogen  beo^es  extremely  small,  hi  smaller  than  that  of  ordinary  farm  crops ;  if, 
however,  the  litter  is  removed  from  the  ground,  the  quantity  of  nitrogen  required  will 
be  much  increased. 

The  next  table  shows  the  quantity  of  the  various  ash-constituents  required 
for  the  annual  growth  of  an  acre  of  forest.  The  ash-analyses  employed  for  calculating 
the  composition  of  beech  and  Scotch  pine  wood  are  by  vonhausen  and  Heyer ;  those 
used  in  the  case  of  spruce  fir  are  by  Schroeder.  The  analyses  of  leaf  litter  employed 
are  the  mean  results  already  given  (see  p.  821).    The  figures  are  lbs.  per  acre. 


Beech,  wood 
,•      leaf 

Dry 
matter 

Pore 

ro 

0«0 

12*86 
78*08 

MgO 

p«0* 

1 
SO*        SiO» 

2822 
2975 

26*4 
165*5 

415 
8*81 

3*44 
10*90 

2*56 
9*32 

0*20      2-15 

3*23     53*85 

1 

Total 

5797 

191*9 

12*96 

85*94 

14*34 

11-88  1    3*43  :5600 

1             ' 

Spruce  fir,  wood 
„          leaf 

8064 
2688 

20*1 
121*3 

3*62 
4*30 

8*16 
54*37 

1*81 
6*20 

1*29 
5*72 

0*64  1    2*88 
1*87    44*25 

Total 

5747 

141*4 

7*92 

62*53 

801 

701 

2-51  j4718 

Seoteh  pine,  wood  . 
leaf    . 

2884 
2845 

14*8 
41*5 

2*32 
4*32 

8^96 
16*84 

1*52 
4*28 

0*95 
8-28 

0*23      0*49 
1*51  •    5*83 

Totia         .       . 

5729 

56*8 

6-64 

25-80 

5*80 

4-23 

1*74      6*32 

The  quantity  of  ash-constituents  required  by  the  three  kinds  of  forest  is  seen  to  be 
very  different.  With  beech,  the  total  amount  of  ash  is  very  similar  to  that  contained 
by  an  average  crop  of  wheat  or  oats ;  with  spruce  fir  the  quantity  of  ash  is  much 
smaller ;  with  Scotch  ^ine  the  demand  for  cinereal  food  is  still  less,  not  amounting  to 
one-third  of  that  required  by  beech.  The  preponderating  constituents  of  all  these 
ashes  are  lime  and  silica,  when  we  look  at  the  more  important  ash-constituents, 
potash  and  phosphoric  add,  the  economy  of  forest  growth  becomes  still  more  apparent. 
A  beech  forest  requires  annually  only  half  as  much  phosphoric  add  as  a  wheat  crop, 
and  less  than  half  as  much  potash,  while  the  demands  of  the  fir  and  pine  forests  are 
much  below  that  of  beech.  The  table  farther  shows  that  by  fiir  the  greater  part  of 
the  ash  is  contained  in  the  leaf  litter ;  if  this  is  not  removed  from  the  forest,  and  the 
timber  is  felled  only  when  full  grown,  the  Quantity  of  ash-constituents  removed  from 
Uie  soil  becomes  infinitesimaL  The  growth  of  beech  timber  is  seen  to  demand  but 
4*1  lbs.  of  potash  and  2*5  lbs.  of  phosphoric  add ;  while  Scotch  pine  requires  only 
2*3  lbs.  of  potash  and  about  1*0  lb.  of  plio^horio  add.  With  these  very  snudl  supplies 
of  cinereal  food,  the  forest  will  produce  8000  lbs.  of  dry  matter  in  the  form  of  timber. 
Hie  fi)rest  is  thus  unequalled  for  the  production  of  large  growths  with  small  supplies 
both  of  ash  and  nitrogen ;  this  economy  is  speedily  marked  in  the  case  of  Scotch  pine, 
which  is  excellently  suited  for  cultivation  on  poor  siliceous  soils.  The  economy  of  Uie 
forest  is  greatly  promoted  when  the  leaf  litter  is  left  undisturbed. 

The  statements  just  made  refer  to  forests  grown  for  timber,  and  felled  after  many 
years'  growth ;  the  annual  requirements  of  se^Uing  trees,  thickly  planted  in  a  nuzsezy, 
are  fkr  more  considerable.  Dulk  (Landw.  VermMU.'8tat,  xviii.  175)  has  determined 
the  compontion  of  various  seedling  trees  growing  on  the  same  soil.  The  following 
table  shows  the  quantity  of  ash-constituents  contained  in  an  acre  of  seedlings.  The 
seedling  beech  and  Scotch  pine  were  one  year  old ;  the  seedling  spruce  firs  examined 
were  one,  two,  and  four  years  old.  As  the  one  year  spruce  was  unusually  feeble,  the 
figures  given  below  are  in  this  case  the  half  of  those  belonging  to  Uie  two  years  old 
plant.    The  Scotch  pine  and  spruce  fir  were  planled  at  0\«  t«.U  of  about  10^000^000 
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per  acre,  the  beech  at  the  rate  of  2,000,000.     The  following  figures  are  pouD'ift  per 
acre: 


Beech  seedlings 
Spruce  fir  seedlings  . 
Scotch  pine  seedlings 


Dry  matter  Pare  ash 


5162 
6254 
3934 


135 

133 

96 


k:»o 


CaO        P^ 


27-2 
29-2 
26-2 


466 
38-4 
17-6 


16-7 
206 

18-7 


109 
165 
118 


The  consumption  of  potash  and  phosphoric  acid  is  thus  greater  in  the  youog  plant 
than  in  the  mature  tree,  but  the  demand  for  lime  and  silica  is  less. 

Further  information  on  some  of  the  subjects  connected  with  trees  will  be  found  in 
articles  Bkbch,  Bibch,  Chbstnvt,  and  Hobse-<:hbstkut,  in  this  Dictionarj. 

RW. 


CHK).  This  compound  is  formed  by  the  action  of  the 
silent  electric  discharge  on  a  mixture  of  hydrogen  and  carbon  dioxide :  GO*-!-  2H'-i 
CHK)  +  H«0  (Brodie,  Proc.  Roy,  Soc.  xxii.  171). 

For  the  preparation  of  formaldehyde,  J.  Volhard  {Liehi^s  Annalen,  elxxri.  128) 
recommends — instead  of  Hofmann's  apparatus  (l8t  Suppl,  622),  in  which  explosions 
often  take  place, — a  Davy's  glow-lamp  (i.  74, 1093)  fed  with  wood-spirit  Over  toe  lamp 
is  placed  a  glass  tube,  which  fits  loosely  to  the  neck,  and  is  connected  by  its  upper  enii 
with  a  condenser,  a  receiver,  several  wash-bottles  containing  water  or  ammonia,  and 
finally  with  an  aspirator.  The  stream  of  air  should  be  so  regulated  that  the  platinom 
spiral  surrounding  the  wick  shall  not  exhibit  a  glow  perceptible  by  daylight.  With 
this  apparatus,  about  90  to  100  grams  of  liquid  can  be  collected  in  twenty-four  hours. 
The  liquid  thus  produced  gives  a  bright  speculum  with  ammoniacal  silver  nitrate,  evtn 
at  the  heat  of  the  hand.  When  evaporated  with  ammonia  it  leaves  a  residue  of 
hexmethylenamine.  On  saturating  it  with  hydrogen  sulphide,  leaving  it  for 
some  days,  and  repeating  the  treatment,  it  is  converted  into  a  thick  white  pulp,  from 
which  thioformaldehyde,  CH'S',  can  easily  be  obtained  (Is^  Suppl.  622;  2nd 
Suppl  1166). 

Hofmann  finds  that  the  quantity  of  formaldehyde  in  the  liquid  obtained  by  the  use 
either  of  this  or  his  own  original  apparatus  never  exceeds  1  per  cent,  but  that  a  much 
stronger  solution  may  be  obtained  by  passing  a  mixture  of  methyl  alcohol  and  air 
through  a  rather  narrow  platinum  tuoe  containing  a  bundle  of  tJiin  platinum  wires, 
and  applying  a  gentle  heat.  Streams  of  formaldehyde  vapour  then  escape  from  the 
tube,  and  yield,  when  condensed,  a  liquid  containing  6  per  cent,  of  formaldehyde.  Tbe 
apparatus,  when  properly  fitted  up  and  supplied  with  the  mixture  of  air  and  metbjl 
alcohol,  may  be  kept  in  a  state  of  glow  for  several  months.  Moreover,  by  distilling  off 
the  methyl  alcohol  which  condenses  at  the  same  time — which  may  be  done  without 
much  loss  of  formaldeiiyde — freezing  the  liquid  several  times,  and  then  ramoving  the 
ice,  a  solution  is  obtained  in  which  the  proportion  of  formaldehyde  amounts  to  10  per 
cent  {Dmt,  Chem,  Gea.  Ber.  xi.  1686,  Sept  1878). 

On  the  Compounds  of  Formaldehyde  with  Aromatic  Hydrocarbons,  see  2nd  SmpL 
683. 

rOKMAVZIJa>B(TBZO-).  CH'NSr=CH«.NH(CHS).  Phensfl-tkuiformamidt 
(A.  W.  Hofmann,  Deut,  Ckem.  Ges.  Ber,  x.  1096). — Phenyl  isocyanide,  pL^^ced  in  a 
large  vessel  filled  with  hydrogen  sulphide,  is  tran^ormed  in  the  course  of  a  few  days 
into  a  oTstalline  mass  of  thioformanilide,  which  may  at  once  be  obtained  in  the  pore 
state  by  dissolving  it  out  with  ether  and  crystallising  it  from  boiling  water : 

CsN— C^»  +  HHS  -  C«H»Jra.CHS. 

As,  however,  the  preparation  of  pure  phenyl  isocyanide  is  rather  troublesome,  it  is 
better  to  prepare  Uie  thioformanilide  from  the  crude  product  of  the  action  of  chloro- 
form on  aniline  in  presence  of  an  alcoholic  solution  of  potash.  On  mixing  tiiis  pirodoet 
with  a  saturated  alcoholic  solution  of  potassium  sulphide,  and  leaving  it  ibr  some 
hours,  a  considerable  quantity  of  the  thioanilide  is  formed,  together  irith  other  sub- 
stances ;  and  on  pouring  the  sJcoholic  solution  into  water,  an  oil  is  deposited,  containing 
— besides  the  thioformanilide — phenyl  isocyanide,  methenyldiphenyldiamine,  and  no- 
altered  aniline  and  chloroform.  This  liquid  is  treated  with  hyoiochloric  acid  to  remoT« 
aniline,  and  the  residue  after  exposure  to  the  air  to  allow  the  chloroform  to  eyapomte, 
is  dissolved  in  boiling  water,  and  filtered.  On  cooling  the  thioformanilide  cxystallises 
oat,  whilst  the  methenyldiphenyldiamine  remains  in  solution  as  hydrochloride. 

Pure  t\doioTmiWQ5[\\*5L«a  ci^fXsiX^^  wnich  melt  at  187'5^ 

with  paTt\a\  decom\«>s\^AWv,*^\\^^ATv^^x^'^^^ 
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Its  aqneouB  solution  is  intensely  and  persistently  bitter.  It  disj^olres  readily  in  cold 
dilute  alkaline  solutions,  and  is  precipitated  uncbaoged  on  tbe  addition  of  an  acid ; 
but  on  heating  the  alkaline  solution,  the  thio-com pound  is  decomposed,  with  formation 
of  an  alkaline  sulphide  and  formate,  and  liberation  of  aniline. 

Thioformanilide,  CH*.NH(CSH),  bears  the  same  relation  to  the  isomeric  com- 
pound, thiobenzamide,  CH\CS.NH',  that  the  isonitril,  C^H'' — N»0,  bears  to  the 
nitril,  C«H»— C=N. 

TOMMXa  ACZBv  H.COOH.  Formation.— -a.  By  passing  a  mixture  of  marsh- 
gas  and  air  over  a  platinum  spiral  ignited  by  the  voltaic  current.  No  formaldehyde 
IB  produced  at  the  same  time  (CoquiUou,  Compt.  rend,  Ixxrii.  444).  /3.  By  the  action 
of  the  silent  electric  discharge  on  a  mixture  of  hydrogen  and  carbon  dioxide, 
CO«  +  H«=CHW  (Brodie,  Proc.  Roy,  Soc.  xxi.  246).  y.  By  oxidation  of  trimethyl- 
smine  with  permioiganate  (Wallach  a.  Claiser,  Deut,  Chim,  Ges,  Ber,  viii.  1237). 
d.  By  the  action  of  ammonia  on  glyoxal  (Lubavin,  ibid.  768). 

On  the  preparation  of  Formic  acid  by  distilling  Oxalic  acid  with  Glycerin  and  other 
Polyatomic  Alcohols,  see  Lorin  {2nd  Suppl,  620 ;  further  Ann,  Chim,  Phys,  [4],  xxix. 
367;  BvU.  Soe.  Chim,  [2],  xx.  241;  xxiv.  436;  xxy.  217,519;  Jahreab.  f.  Chem. 
1873,626;  1876,504;  1876,515;  Chem,  Soe,  Jour,  1873,1219;  1874,140;  1875, 
>260;  1876,  i.  560;  ii.  59). 

Eitimation. — According  to  Fortes  a.  Ruyssen  {Coff^t.  rend.  Ixxxii.  1504),  formic 
acid  may  be  estimated  volumetrically  by  mixing  5  grams  of  sodium  acetate  and  9  grams 
of  mercuric  chloride,  with  2*5  grams  of  the  mixture  under  examination,  and  200  cc  of 
water ;  heating  the  liquid  on  the  water-bath  ;  diluting  it  to  500  cc. ;  filtering ;  and 
titrating  the  undecomposed  mercuric  chloride  with  solution  of  potassium  iodide. 

Electrolytis, — According  to  N.  Bunge  {Deut.  Chem,  Gee.  Ber.  ix.  1698),  formic 
acid,  when  electrolysed,  yields  hydrogen  at  the  negative  pole,  and  carbon  dioxide, 
with  or  without  oxygen,  at  the  positive  pole.  The  volumes  of  the  three  g<ises  are  an 
2:2:1.  Bunge  supposes  that  the  group  OHO',  set  free  in  the  first  instance  at  the 
positive  pole,  reacts  with  H'O  so  as  to  form  CHK)'  and  free  oxysen,  which  then 
oxidises  the  formic  add  to  CO'  and  H'O ;  and  he  considers  that  this  view  is  supported 
by  the  fact  that  the  amount  of  CO'  produced  is  greater  as  the  conditions  of  tne  ex- 
periment are  more  favourable  to  oxidation  (diminished  strength  of  current,  increased 
surface  of  electrodes,  varying  density  of  the  electrolyte). 

Beaction  with  Polyatomic  Alcohols, — From  experiments  on  the  action  of  formic 
acid  on  erythrite  and  glycol,  Henninger  concludes  that  the  reduction  of  a  polyatomic 
alcohol  by  formic  acid  is  preceded  by  the  formation  of  its  formin ;  if  the  latter  cannot 
take  place,  then  also  there  is  no  reduction.  In  every  case  of  reduction,  a  polyatomic 
alcohol  loses  two  hydroxyl-groups ;  thus,  glycol  yields  ethylene  ;  glycerin  yields  allyl 
alcohol ;  erythrite  yields,  first  an  unsaturated  glycol,  C^H*(OH)',  then  a  hydrocar- 
bon, C^H«  (Henninger,  Bull.  Soc.  Chim,  [2],  xxi.  242). 

Reaction  with  Oxalic  acid. — Concentrated  formic  acid,  heated  to  105°  with  de- 
hydrated oxalic  acid,  gives  off  CO'  and  CO  in  the  proportion  of  1  :  1*2  -3 ;  and  since 
oxalic  acid,  when  heated  alone,  gives  off  equal  volumes  of  the  two  gases,  it  follows 
that  the  excess  of  carbon  monoxide  must  arise  from  the  decomposition  of  the  formic 
acid.  The  same  resolution  into  carbon  monoxide  and  water  takes  place  when  formic 
acid  is  heated  with  1  mol.  anhydronB  potassium  or  sodium  formate^  beginning  at  120°, 
and  going  on  regularly  between  160°  and  165*^,  carbon  monoxide  being  given  off  and 
dilute  formic  acid  distilling  over.  At  the  end  of  the  distillation,  the  residual  formate 
has  the  same  weight  as  at  the  commencement  of  the  experiment,  and  may  be  used  for 
the  decomposition  of  a  fresh  quantity.  Formate  of  banum  and  the  other  formates  do 
not  exhibit  this  property.  Formic  acid  reacts  in  exactly  the  same  way  with  dry 
acetate  of  potassium  or  sodium,  the  acid  which  distils  over  then  containing  acetic  as 
well  as  formic  acid  (Lorin,  Bull.  Soc,  Chim.  [2],  xxv.  217). 

MetaUle  Formates.  Potassium  formaJtt,  in  aqueous  solution  is  decomposed  bv 
a  current  of  an  indifferent  gas,  e.g.  carbon  dioxide,  air  or  hydrogen,  at  80°>90°,  with 
evolution  of  formic  acid  (Naudin  a.  Montholon,  Compt.  rend,  Ixxxiii.  346). 

Calcium  Formats, — According  to  Lieben  a.  Rossi,  and  Liebermann  a.  von  Zotta 
(2nd  Suppl,  583),  this  salt  subjected  to  dry  distillation  yields  formaldehyde,  which, 
when  treated  with  sodium-amalgam,  yields  a  small  quantity  of  methyl  alcohol.  It 
appears,  however,  from  later  experiments  by  Lieben  a.  Patern6  {Ga^z,  chim,  Hal. 
iii.  290),  and  by  Friedel  a.  Silva  (Compt.  rend.  Ixxvii.  1546)  that  methyl  alcohol  is  a 
direct  product  of  the  dry  distillation  of  calcium  formate.  Among  the  products  there 
also  occurred  an  oil  insoluble  in  water,  which,  after  purification  by  repeated  distillR 
tion.  gave  by  analysis  numliers  agreeing  approximately  with  cither  of  the  formvl 
C^*H^O,  OT  C"H"0,  and  having,  at  all  events,  a  high  molecular  weight. 
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Formic  Btlien.  Methyl  Formate,  H.COH>H*. — ^The  following  is  an  mItu- 
tageous  method  of  preparing  this  ether.  A  saturated  solution  of  hjdi^ogen  chloride 
in  wood-spirit, — whicn  should^  be  freshly  prepared,  as  it  decomposes  after  a  vhile 
with  formation  of  methyl  chloride— is  distilled  with  a  metallic  formate,  preferaMj 
the  calcium  salt,  in  the  proportion  of  100  parts  of  the  salt  to  180  parts  of  the 
saturated  alcohol.  The  alcoholic  solution  is  allowed  to  drop  into  a  flask  containing 
the  formate,  and  connected  with  a  condenser,  as  the  reaction  is  Tiolent ;  the  flask 
should  be  well  shaken  after  each  addition  of  alcohol.  The  distillate  is  neutralised, 
and  dried  by  calcium  chloride.  The  mass  thus  obtained,  which  consista  of  a  OTstal- 
line  compound  of  the  ether  with  the  chloride,  is  then  heated  on  a  water-bath  ;  the 
parts  first  distilling  are  rejected  as  containing  chlorine,  whereas  the  later  portions  of 
the  distillate  are  very  nearly  free  &om  chlorine.  The  ether  obtained  has  a  sp.  gr. 
of  0*9928  at  0°,  snd  a  boiling  point  of  80-4^  at  712  mm. 

Methyl  formate  has  al^  been  obtained  by  the  action  of  alcoholic  hydrogen 
chloride  on  hydrogen  cyanide,  but  this  reaction  is  very  yiolent  and  not  well  adapted 
for  the  preparation  of  the  ether. 

When  the  vapour  of  methyl  formate  is  passed  through  a  red-hot  tube,  it  is  for  the 
most  part  resolved  into  carbon  monoxide  and  methyl  alcohol :  GH(GH')0'  »  GO  -i-  CHH>, 
a  smaller  portion  yielding  carbon  dioxide  and  probably  methane  (J.  Yolhard,  Litbigt 
Annalenf  clxxyi.  128). 

Ethyl  Formate,  OH((?H»)0«.— A  mixture  of  this  ether  with  ethyl  iodide  treated 
with  zinc  ^rields  diallyl-carbinol,  (CH«?CHOH,  together  with  diallyl  (p.  «32). 
Diallyl  carbinol  is  also  fbrmed  when  ethyl  formate  is  treated  with  a  miztors  of 
ethyl  and  allyl  iodides  in  presence  of  zinc  (Eanonnikoff,  IMiff't  Amnalem,  dzzxr. 
U8). 

Triethyl  Formate,  or  Ethyl  Orthoformate,  CH(OC*H»)»,  is  pcoduced,  to- 
gether with  sodium  carbonate  and  ethyl  carbonate,  by  heating  ethyl  trichloracetate 
with  sodium  ethylate,  a  reaction  which  doubtless  requires  the  preeence  of  wat«r 
(sodium  hydroxide),  and  may  be  represented  by  the  equation 

0C1«  0(OC«H»)« 

I  +   8NaOC«H»  -  8NaCl  +    I 

COOCH*  COOC»H» 

C(OC«H*)«  ^v. 

and  I  +  NaOH  -  CH(OC*H»)>  +  C0<x2,* 

COOC^» 

(H.  Elien,  Jenaieche  Zeit8ekr{ft,  [2],  iii.  2  SuppUmenth^,  68). 

Orthothioformic  Ethers  are  produced  by  heating  the  aqueous  solutions  of 
the  sodium-derivatives  of  the  corresponding  mercaptans  with  chloxoform,  e.g, 

3((?IP.SNa)  +  CHOI*  -  8NaCl  +  CH(8C«H»)«. 

Ethyl  Orthothio/brmate  is  a  mobile,  ^e  yellow  liquid,  having  a  repulnve  and 
persistent  alliaceous  odour.  It  is  partially  decomposed  by  distiUatioa.  Fuming 
hydrochloric  acid  resolves  it  into  ethyl-mercaptan  and  formic  acid. 

Phenyl  Orthothioformate,  CH(SC«H»)',  pref»ared  in  like  manner,  czystallises  in 
short  white  prisms,  which  melt  at  30*5®,  and  dissolve  in  ether,  benzene,  nitrobenzene, 
glacial  acetic  acid,  and  carbon  sulphide.  It  is  decomposed  by  fhming  hydrodikrie 
add  at  100®  in  sealed  tubes,  yielding  phenyl-mercaptan  and  formic  add  : 

CH(SO«H»)«  +   2HK)  =  CHH)«  +  30«H»(SH) 

(Gabriel,  Deut.  Chem,  Gee.  Ber.  x.  195). 

The  formie  ethers  of  ^lyaiomic  alcohols  (form! ns)  are  obtained  by  heatiiu^  these 
alcohols  (glycerin,  eiythrite,  &c.)  with  oxalic  add.  When  heated  to  abont  186^,  tlwy 
are  easily  decomposed,  with  evolution  of  carbon  monoxide,  which  may  thus  be  readily 
obtained  in  the  pure  state  (Lorin,  Compt,  rend.  Ixxxii.  629 ;  Bulk  Soe*  Ckim.  [2]» 
XXV.  389  ;  Chem.  8oc,  J.  1876,  ii.  58). 

FOBMOXTBOTOXiUZDB.    See  ToLUiDUfBS. 

FOai'-OXiOVB.    See  DiarrALis  (p.  647). 

^0>«H*0*.    See  2im2  %i»p/.  554. 


a.  H.  Seyms  {8iU,  Am,  J.  [8],  xii.  210)  has  analyMd 
several  ap«c\meiv&  oi  0[^ft  Ti£ai«CQl^m\.Vx\.\3A  ^v«w  of  determining  whetlier  the  variation 
in  the  amount  oi  \TOTi  "s»\C\<?kv  QCCWx%*\Ti\\.  «5i^i<5^»  ^Oaax^^^  ^^^B^^^x^-nd^K^Xs^^sesBs^^ssS^^ik. 
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acd  consequently  its  relation  to  the  spinel  gronp.  The  first  experiments  were  made 
on  perfectly  formed  crystals  from  Mine  Hill,  the  mean  of  the  analyses  giving  :* 

8I0"  Pe"0»  MnK)"  MnO  ZnO 

017  63-40  4-44  10-46  23-11    =    101-68. 

The  relation  of  the  metals  to  the  oxygen  calculated  from  this  analysis  would 
be— 

Metals  Oxygen 

Fe« 44-38  19*02  (00,7 

Mn« 309  1-36  r""^ 

Mn 810  2-36 1   -.^^ 

Zn 18-66  4-66)   ^^^ 

Dividing  by  the  atomic  weights,  the  ratio  of  metals  to  oxygen  would  be 
R  :  0  : :  8  :  8*999,  nearly  equal  to  R*0^  or  an  oxygen-ratio  of  the  monoxides  to 
sesquioxides  of  1  :  0*981,  or  nearly  1:1,  corresponding  with  the  formula  of  the 
spinel  group,  (RK)'-i'RO«iR*0*).  The  state  of  the  oxidation  of  the  manganese  was 
determined  by  dissolving  the  mineral  in  hydrochloric  acid,  and  estimating  the 
liberated  chlorine  by  Bunsen's  iodine  method,  the  mean  of  these  results  being  0*46, 
which  requires  the  preeence  of  4*44  per  cent,  of  Mn'O*. 

A  second  sample  gave,  as  a  mean  of  four  analyses — 

810*  APO"  F^O"  FeO  ZnO  MnO 

008  0*66  67*42  16*66  6*78  9-63   »   10011 

giving  as  the  relation  between  the  metals  and  the  oxygen : 

Metalfl  Oxygen 

Al* 0*86  0-80 1 

Fe« 47*19  20*28 

Fe 1217  8*48^ 

Zn 6-44  1-84  !•   607 

Mn 7*88  216J 

These  numbers  lead  to  the  atomic  ratio  R  :  0 : :  1  :  1*8813  or  8  :  3*994  «  R*0^  and  show 
the  oxygen-ratiu  of  monoxidet  to  sefl(}uioxides  to  be  1  .*  0*981,  or  nearly  1:1. 

The  results  of  the  analyses  give  m  both  cases  a  ratio  very  nearly  corresponding 
with  that  of  spinel,  notwithstanding  the  great  differences  in  the  relative  amounts  of 
iron,  sine,  and  manganese. 

FMudomorphs  after  calcspar,  consisting  of  a  mixture  of  franklinite  with  manganic! 
hydroxide,  have  been  analysed  by  H.  B.  (>mwall  {American  Chemist,  1878,  iv.  127), 
with  the  following  result : 

FeO^       Mn«0»        ZnO         C«0        MgO    K"O.Na"0      H«0  C0«         810* 

" — . — ' 

14*627     68*387    6-286    4*739     1*268    traces     11*298     8*488    0*170  «  99*242. 

*  Other  determinations  gave  lS-777  and  16*1S9  per  cent. 

See  SsLBinux-BisxiTTH-aLAxrcx. 

A  hydrated  manganous  silicate  from  the  manganese  mine  of 
Adervielle  in  the  Louron  vaUey,  Hautes-Pyr^n^es.  It  occurs,  sometimes  in  sugar-like 
groups  of  small  hexagonal  plates,  with  distinct  cleavage  jpandlel  to  the  face  OR^ 
sometimes  massive.  Sp.gr.  »  8*07.  Hardness  »  4*6  to  6.  Colour,  red.  Transparent 
to  translucent.    Analysis  gave 

SiO*  MnOt  MgOCaO  H'O 

86*12  6306  2*96  7*87   =   100 

t  With  a  nnall  quantity  of  iron. 

leading  to  the  formula  4Mn0.3SiO>.2HK)  (£.  Bertrand,  Compt.  rend,  Ixxxiii.  220). 

JPJfcUlT*  On  the  Estimatum  of  Citric  and  Tartaric  Acids  in  Fruit-juices,  see 
page  608. 

On  the  Detection  of  Fuehsine  or  Bosaniline  therein.    See  Rosanilikb. 

On  the  Fermentation  of  Fruits.    See  Fbrmsntation  (p.  778). 

See  Sugar. 

See  RosAKTUNB. 

See  the  next  article. 

\,  C*N'M30>,  and  TUlOSIWUMJLTmB,  C*N'M*0>  (A.  Steiner, 
Deut.  Chem,  Ges.  Ber.  vii.  1244 ;  viii.  618 ;  ix.  779).  1.  Action  of  Hydrogen  Sulphide 
on  Mercuric  Fulminate. — When  drv  hydrogen  sulphide  is  passed  into  anhydrous 
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ether  in  which  mercuric  fulminate  is  suspended,   there  is  formed,  together  vith 
ammonium  thiocjanate,  a  white  substance  having  the  composition  C''H*N*0^;  it 
contains  the  elements  of  1   mol.  fulminic  acid,  or  nitro-cyanomethane,  CH^*0%'N, 
and  1  mol.  SH^and  may  be  regarded  as  nitro-acethiamide,  CH\NO') — CS(NH*). 
The  ethereal  liquid  filtered  from  mercuric  sulphide  contains  a  portion  of  the  Ditrr>- 
acethiamide  in  solution,  and  on  spontaneous  evaporation  leaves    that  subitarce, 
together  with  an  aqueous  solution  of  ammonium  thiocyanate  and  oxalic  acid,  which 
contains  free  sulphur  in  suspension,  and  after  a  while  deposits  long  crystals  of  oxalic 
acid.    To  obtain  the  nitro-acethiamide  free  from  sulphur,  it  is  rinsed  several  times 
with  water,  till  the  water,  which  is  at  first  milkv  from  suspended  sulphur,  runs  away 
quite  clear,  and  the  nitro-acethiamide  is  washed  with  water  on  a  filter  till  the  wash- 
water  no  longer  exhibits  the  thiocyanate  reaction.    This  first  portion  of  the  compound, 
obtained  from  the  ethereal  solution  under  which  the  fulminate  has  been  decomposed, 
is,  however,  less  pure  than  the  latter  portions,  which  are  extracted  from  the  mercuric 
8ulphide  by  the  use  of  fresh  ether. 

Nitroaoethiamide  crystallises  in  microscopic  prisms  insoluble  in  water,  moderately 
soluble  in  alcohol  and  ether,  from  which  however  it  can  be  obtained  only  by  spos- 
taneous  evaporation,  as  it  decomposes,  with  separation  of  sulphur,  at  temperatures  below 
the  boiling  point  of  ether.  It  is  quickly  decomposed  when  gently  heated  with  water, 
and  still  more  quickly  by  aqueous  ammonia,  into  carbon  dioxide,  ammoniiim  thio- 
cyanate, and  free  sulphur.  Treated  in  ethereal  solution  with  hydrogen  gulphide,  it  is 
resolved  into  oxalic  acid,  ammonium  thiocyanate,  and  free  sulphur : 

2C2H^N«0«8  +  SIP  -  2CNS(NH*)  +   C«H«0«  +   S. 

Heated  with  chloride  of  lime,  it  yields  chloropicrin. 

Action  of  Ammonia  on  Mercuric  Fulminate, — This  salt,  treated  with  aqueous 
ammonia,  yields  urea,  guanidine,  and  two  nitro-compounds  of  high  molecular  weight, 
represented  empirically  by  the  formula  C'H"N"0*.  One  of  them,  which  is  amor- 
phous, is  obtained  in  the  form  of  a  mercury-compound;  the  other  ia  obtuned  in 
the  free  state,  and  forms  small  needles.  When  the  action  takes  place  Bt  70°  under 
pressure,  a  third  nitro-compound,  C*H'^N'0',  crystallising  in  needles,  ia  produeed. 
This  lust  body  dissolves  easily  in  warm,  sparingly  in  cold  water,  is  insoluble  in 
alcohol,  and  forms  well-crystallised  salts.  Heated  to  160°  with  water  or  dilute 
hydrochloric  acid,  it  is  completely  resolved  into  carbon  dioxide  and  anunonia,  [?  and 
free  hydrogen:  C«H»N»0»  +  9H«0  =  600* 4- 9NH« -r H»]  ;  fuming  hydrochloric  acid 
does  not  appear  to  act  upon  it. 

Mercuric  fulminate,  heated  to  80^  in  a  closed  vessel  with  alcoholic  ammonia,  yidds 
ammonium  carbonate,  traces  of  a  nitro-compound  soluble  in  alcohol,  a  body  containing 
cyanogen  and  ammonia,  and  finally  basic  mercuric  fulminurate.  A  double 
compound  of  the  last  two  substances  may  be  extracted  from  the  mercury  precipitate 
by  hot  water.  The  resulting  solution  leaves,  on  evaporation,  a  crystalline  body  of 
curdy  aspect,  which,  after  repeated  solution  and  evaporation,  leaves  the  sparingly 
soluble  basic  fulminurate  of  mercury.  This  curdy  substance,  when  treated  with  adds, 
gives  off  hydrogen  cyanide ;  when  decomposed  by  hydrogen  sulphide,  it  yields  mercuric 
sulphide,  ammonium  fulminurate,  and  hydrocyanic  add ;  and  when  boiled  with  sal- 
ammoniac,  it  yields  mercuric  chloride  and  ammonium  fulminurate. 

It  appears  then  that  when  mercuric  fulminate  is  heated  with  alcoholic  ipgin^Mi. 
it  yields  nothing  but  fulminuric  add,  whereas,  when  heated  with  aqueous  ammonia, 
it  yields  urea,  guanidine,  and  the  complex  substances  above  mentioned.     Hence  it 
appears  probable  that  fulminuric  acid  is  likewise  formed  in  this  latter  reaction,  but 
that,  instead  of  appearing  in  the  free  state  or  in  the  form  of  ammonium  salt,  it  enters 
into  combination  with  the  guanidine  present,  or  with  guanidine-residues,  giving  ris« 
to  these  complex  bodies,  which,  according  to  this  view,  should  be  deriyatives  of 
fulminuric  acid,  C«H«N«0*.    And,  in  fact^  when  the  body  C«H»'N»0»  was  heated  with 
alcoholic  ammonia  in  a  sealed  tube  to  about  120°,  till  it  was  completely  dissoWed,  it 
yielded,   together  with  00*  and  NH*,  a  brown  flocculent  body,  which  is  likewise 
obtained  under  similar  circumstances  from  fulminuric  acid.      Moreover,  the  alco- 
holic solution   contained    a   large  quantity  of  guanidine.      The  same  result  was 
obtained  with  the  modification  of  the  body  CH'^N^O*  which  crystallises  in  needles. 
A  further  proof  that  these  bodies  are  derivatives  of  fulminuric  acid  ifi  afforded  by  the 
fact  that  when  treated  with  strong  sulphuric  acid,  they  yield  products  identical  with 
those  which  are  obtained  by  the  action  of  sulphuric  acid  on  ammonium  fulminurate, 
viz.  carbon  dioxide  and  oily  nitracetonit  ril.    If  the  reaction  be  continued  till  the 
evolution  of  carbon  dioxide  ceases,  and  the  dear  yellowish  solution  be  diluted  with 
water,  crystalline  nitracetonitril  is  immediately  predpitated,   identical  with   that 
which  ia  obtained  \u  like  manner  from  ammonium  fulminurate  (see  NiTao-ACEXONiTBiLsX 
The  sulphuric  ac\<\  Bo\u\.\auTv\wi  ^wv\aATA  ^\»s^^  v^aasvNj^i^  ^1  visffi^^^^ 
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Theee  bodies  may  therefore  be  very  probably  r^f^arded  as  fulminurates  coDtaining 
gnaoidine  residues  united  by  the  nitrogen  of  the  cyanogen,  which  has  become  quin- 

auiyalent.    The  body,  C*H"N*0',  and  its  silver  salt,  may  perhaps  be  represented,  by 
tie  following  formuke : 

H— C— N0«    HN=C--NH»  Ag— C— N0«  HN— C— NH« 

H«N-C^N— C I^NH«(CN)   H«N-C^N-c! l^NH(CN) 

H  HO--b=NH  fl  AgO-b=NH 

The  bodies  (TH^^^O*  conUin  an  additional  group  CNNH'. 

These  compounds  may  be  called  fulmiguanurates,  C'H'^N'O*,  which  contains 
three  gnanidine-reeidues,  being  distinguish^  as  fuhutriguanumte,  and  C'H^N^'O*, 
which  contains  four  such  residues,  aM/ulmitetrapuanmrate. 

Steiner  suggests  for  fulminuric  acid  the  constitutional  formnU 

CH(NO«XON)  CHNO* 

CO.NH*  CN.CO.NH« 

Double  Salts  of  Merourio  Fulminate,^A  compound  of  this  salt  with 
potassium  eyaaide,  (TO'O'Hg.GNK,  is  obtained  in  needle-shaped  crystals  by  adding 
the  fulminattf  to  a  warm  concentrated  solution  of  potassium  cyanide,  filtering  the 
greenish-yellow  solution,  and  leaving  it  to  oooL  It  dissolyes  easily  in  cold  water  and 
m  aloohoL  The  aqueous  solution  decomposes  at  a  certain  degree  of  concentration, 
with  a  decrepitating  noise  and  deposition  of  a  hard  green  substance.  The  solution 
mixed  with  a  dilute  acid  in  sufficient  quantity  to  decompose  the  potassium  cyanide 
deposits  pure  mercuric  fulminate. 

A  similar  compound  with  potassium  thiocyanate,  0*NK)*Hg.GNSK,  crystallises  in 
lamins,  slightly  soluble  in  cold  water,  decomposed  by  hot  water.  The  corresponding 
ammonium  salt,  C*NK)*Hg.CNS(NH«),  also  crystallises  in  lamins  (Steiner). 

Iron  f\ilminwrate  ? — ^A  salt  thus  designated  is  produced,  according  to  E.  W.  Davy 
{Ckem.  A!nw,  zxxiii.  47)»  by  the  action  of  metcJlic  iron  on  mercuric  fiilminurate 
suspended  in  water,  mercury  being  then  precipitated  and  a  purple  salt  remaining  in 
solution.  If  the  iron  be  partly  precipitated  from  this  solution  by  an  acid,  there 
remains  a  liquid  which,  on  addition  of  dilute  acids,  assumes  a  splendid  red  colour. 
The  same  coloraUon  is  produced  when  a  solution  of  potassium  ferrocyanide  is  added 
to  water  in  which  mercuric  fulminurate  is  suspended,  and  the  resulting  liquid  is 
heated  or  mixed  with  a  dilute  acid.  Hence  Davy  concludes  that  in  both  cases  a  salt 
is  formed  haying  the  composition  of  ferroso-potassic  fulminate,  FeK^CNK)*)*,  and 
that  this  salt  is  oonyerted  by  adds  into  an  acid  iron  salt,  FeH^CN'O*)*  [ferroso- 
hydrie  fulminate].    Neither  of  these  salts  is  stable  in  the  dry  state. 

CH— CO«H 

rUBKAmZO  ACZB,C«HK)«  a   1 1  .    The  action  of  Aiming  hydrobromic 

CH-CO«H 
acid  on  this  acid  and  on  maleic  acid  has  been  examined  by  Fittig  a.  Dom  (Deut,  Chem, 
Ges.Ber,  ix.  192,  1191 ;  Liebi^a  Annalm,  dxxxvii.  42).  Fumaric  acid,  heated 
with  concentrated  hydrobromic  add  in  sealed  tubes  at  lOO^*,  is  converted  into  mono- 
bromosuccinic  add^apparently  identical  with  that  formed  by  the  action  of  bromine 
on  sucdnic  acid.  When  boiled  with  water  the  brominated  add  is  almost  entirely 
re-converted  into  fumaric  add.  Maleic  acid  or  anhydride,  in  fine  powder, 
dissolyes  quickly  in  cold  filming  hydrobromic  add,  and  is  almost  immediately  oon- 
yerted into  fumaric  and  monobromosucdnic  acids  in  equal  numbers  of  molecules. 

The  biomosucdnic  adds  formed  in  this  manner  from  fumaric  and  maleic  acids  are 
identical.  The  two  acids,  when  treated  with  sodium-amalgam,  likewise  yield  the 
same  product,  viz.  ordinary  succinic  acid,  CO'H — CH*— -CH*  — CO^,  but  with 
bromine  they  yield  different  products.  These  facts  are  not  consistent  with  the 
supposition  that  maleic  acid  is  a  saturated  compound  represented  by  the  formula 
CH*=C(COOH)*,  but  they  are  completely  accounted  for  if  maleic  acid  oe  regarded  as 
an  unsaturated  compound  containing  two  free  combining  units,  and  represented  by 

CHt_oo— OH 
the  formula      I  .    This  view  likewise  accounts  for  the  fact  that  maleic 

=:t_CO— OH 
acid  takes  up  hydrobromic  or  hydrochloric  acid  much  more  readily  thaii  ftimaric  acid. 
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CH— COOH 


^8,  C<H*0"  -  1 1  (Limpricht,  Liibi^s  Annals, 

CH— COH 

dxv.  253),  is  formed,  with  evolution  of  carbon  dioxide,  by  the  action  of  chromic  acid 
mixture  op  pyromucic  acid  : 

C»HK)«  +  02  =  0*H*0"  +  C0»; 

also  by  the  action  of  bromine  (2  mols.)  and  water  on  pyromucic  acid  (1  mol.) : 

0»H^0»  +  2H»0  +   2Br*  =  C*HH)»  +   CO*  +  4HBr. 

The  bromine  in  the  proportion  just  mentioned  is  taken  up  and  decolorised,  eren  at 
oidinary  temperatures ;  and  if  the  solution,  either  directly  or  after  remoyal  of  the 
hydrobromio  acid  by  silver  oxide,  be  agitated  with  ether,  and  the  ether  then  left  to 
evaporate,  there  remains  a  syrup  fo>m  which  the  compound  C^H^O*  sometimefl 
ciystallises  out  over  sulphuric  acid  after  a  week  or  a  fortnight,  sometimes  not  at  all ; 
on  the  other  hand,  the  brominated  liquid,  if  heated  on  the  water-bath,  yields  f  umarie 
acid.  The  indistinctly  ciystalline  compound  C^H'O*  maybe  regarded  as  fumarie 
aldehyde,  since  it  appears  to  yield  fiimaric  add  when  treated  with  silver  oxide,  and 
predpitates  metallic  silver  when  heated  with  silver  solution  and  ammonia.  lu 
aqueous  solution  gives  with  neutral  lead  acetate  a  white  predpitate,  which  dissolves 
when  heated.  When  neutralised  with  baiytap-water  it  remains  colourless,  but  is 
coloured  yellow  by  an  additional  drop ;  and  on  ftirther  addition  of  baiyta-water,  and 
boilings  it  yields  a  yellow  predpitate,  which,  like  that  precipitated  by  aloohcd  from 
the  nearly  neutral  solution,  has  the  compodtion  (0*H'0')4a.  The  original  eook- 
pound  O^HK)'  may  be  separated  from  it.  With  sodnim^uiudaam  the  oompoimd 
C^H^O*  gave  in  one  experiment  C"H**0*,  in  another  C^H*0*.  It  does  not  unite  with 
alkaline  bisulphites,  but  forms  a  brown  redn  wiUi  ammonia  in  ethereal  solution  (i 
further  p.  836). 


The  presence  of  oxalic  add,  which,  in  the  fbrm  of  hydropotassie 
oxalate  or  of  calcium  oxalate^  has  been  regarded  by  some  chemists  as  a  common  con- 
stituent of  fungi — has  been  demonstrated  in  about  80  roecies  by  the  experiments  of 
Hamlet  a.  Plowright  (CH&m.  News,  xxxvi.  93 ;  Chem.  Soc.  J.  1877.  ii.  796).  One  of 
the  most  remarkable  examples  of  strong  addity  in  a  fangus  was  afforded  by  Fistulna 
hepaiica,  which  was  found  to  contain  0*083  per  cent,  of  free  oxalic  add.  The  eoo- 
stitution  of  this  plant  was  found  to  be  as  follows : 

Water 86120 

/Oxalic  acid 0*08\ 

Fat 0-16 

Volatile         J  Woody  fibre  (cellulose)       ....  2-03 


constituents 


Mineral 

constituents 

(ash) 


Mycose      .        .  ^  12»84 

Extractive  matter 
^Besin 
/Silica 
Ferric  oxide 
Lime 

Magnesia  ....,,..        ^  ^^^ 
PotLh       .  •        •        -V    0-896 

Phosphoric  add 
Sulphuric  add    , 
^Chlorine     .        .  .        .        .        ,  _ 

100000 

,  or  Metacellulose.    See  Plamt-tissxtb. 


. or  TXntrUROlH  0»H<0«.  Pynmmeio  JUdekyde.-^'nuB  compound 

may  be  obtained  from  wood  by  heating  with  water  under  pressure.  When  wood  in 
small  chips  or  shavings  is  heated  for  four  hours  with  water  to  about  198**,  an  add 
liquid  is  obtained,  yielding,  by  distillation,  methyl  alcohol  and  an  oil  which  boils 
between  136°  and  216®,  and  may  be  separated  by  cooling  with  a  freesing  mixtun 
into  two  layers,  the  upper  of  which  appears,  from  its  odour  and  composition,  to  be  a 
mixture  of  turpentine-oil  and  cymene,  while  the  lower,  when  subjected  to  fractional 
distillation,  yields  furfural  boiling  at  1630-171*».  The  crude  oil,  of  which  10  ounces 
were  obtained  from  100  pounds  of  wood,  contains  about  42  per  cent,  of  forfuraL 
Wood  boiled  with  water  under  ordinary  pressure  does  not  yield  fhrfnral  (0  Greville 
Williams,  C7«wi.  News,  xxvi.  281,  298).  H.  MiUler  (ibid.  247)  likewise  observed  the 
formation  of  furfural  by  strongly  heating  wood  with  water. 

According  \o  Gueiko^  (.ZcitscliT,  f,  CRem,  1870,  360)  bran,  digested  with  dilute 
sulphuric  rcu\.  \8  ooxnYVe^ftX'j  w^wasV^^^i  ^'fe  vyK?NXVNVKtv\^^^^  ^^s^^wjci^^"^^ 
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after  digestion  with  caustic  potash,  yields  but  little  of  that  compound.  Gellalose, 
gum-anibic,  and  wheat-starch  do  not  yield  furfural.  When  pigs  are  fed  vfith  bran, 
the  fiirfural-yielding  substance  paases  into  the  dung,  and  appears  not  to  be  digested. 

meaotioB  otWfm.  wtth  Vorftma  (Hugo  Schiff,  J)eut,  Chem,  Ges.  Ber.  x.  778- 
776\  Most  aldehydes  act  easily  on  aqueous  or  alcoholic  solutions  of  urea,  forming 
cooaensed  ureas,  but  furfural  appears  to  have  no  action  upon  such  solutions.  It  acts, 
however,  in  a  peculiar  manner  on  solutions  of  urea  nitrate,  a  violet  colour  being  pro- 
duced, which  gradually  disappears,  with  deposition  of  a  black  substance.  The  colour 
is  not  occasioned  by  the  nitne  add.  Aqueous  solutions  of  fiirftiral  are  not  coloured 
by  dilute  mineral  acids,  except  after  the  furfural  has  begun  to  decompose,  when  they 
certainly  have  this  effect.  Now  although  neither  acid  nor  urea  alone  colours  pure 
furfural,  a  veiy  characteristic  change  occurs  when  the  two  substances  react  togeUier. 
If  a  solution  of  urea  in  about  8  parts  of  concentrated  furfural-solution  be  treated  with 
a  few  drops  of  concentrated  hTdrochloric  add,  the  liquid  becomes  warm  and  then 
gradually  of  a  splendid  purple-violet  colour,  and  finally  solidifies  to  a  brownish- 
black  mass.  This  effect  is  produced  in  alcoholic  solutions.  Aqueous  furfural  solutions 
after  some  days,  even  if  kept  in  the  dark,  acquire  the  property  of  becoming  coloured 
by  mineral  acids.  If  hydrochloric  add  of  sp.gr.  1*1  be  employed,  a  pale-red  colour 
appears  in  u))out  ten  minutes,  but  if  a  small  crystal  of  urea  be  dissolved  in  this  solu- 
tion, a  deep  violet  colour  is  formed  in  a  few  minutes,  slowly  <»h*nging  to  brown  and 
depositing  a  black  substance.  The  reaction,  which  is  veiy  delicate,  has  also  been 
obtained  with  the  slightly  soluble  polvureides  of  the  aldehydes,  and  with  urine.  With 
many  amides,  as  acetamida,  bensamide,  oxamide,  thiocarbamide,  mono-  and  diphenyl- 
thio^bamide,  taurine,  glyoodne,  creatine,  cyanuricadd,  uric  add,  alloxan,  oxaluric  add, 
parabanic  add,  the  reaction  is  not  produosd ;  but  it  takes  place  with  allantoin,  though 
perhaps  somewhat  more  tardily  and  less  intensely  than  with  urea.    The  hydrochloric 

acid  acts  in  such  a  manner  that  the  aldehyde  group  — O^i  changes  into  the  group 
— C^-01  ,  which,  having  but  little  stability,  acts  eadly  on  the  NH*-groups  of  the 

\h 

urea,  with  formation  of  water,  and  reproduction  of  hydrochloric  add,  just  as  in  the 
case  of  aldehyde-condensations  etfectea  by  small  quantities  of  hydrochloric  acid.  A 
result  indicating  the  occurrence  of  such  a  reaction  is  observed  when  rather  more 
hydrochloric  acid  is  used,  and  the  experiment  is  conducted  as  follows :  A  very  small 
crystid  of  urea  in.  a  small  dish  is  covered  with  a  drop  of  highly  concentrated  aqueous 
ftirfhral  solution,  and  a  drop  of  hydrochloric  add  of  sp.gr.  TIO  is  at  once  added.  A 
dumge  of  colour  occurs  very  rapidly,  passing  through  yellow,  green,  and  blue  into 
violet,  the  latter  in  a  few  minutes  changing  to  a  splendid  purple-violet.  This  change 
of  colour  is  quite  different  from  that  which  altered  furtural-water  would  undergo 
without  the  addition  of  urea.  The  reaction  is  extremely  delicate,  the  tint  becoming 
so  intense  that  in  ten  minutes  the  solution  may  be  diluted  with  50  to  80  times  its 
bulk  of  water,  and  yet  retain  its  colour  most  definitely.  The  black  substance  separat- 
ing in  this  latter  case  is  amorphous,  like  carbon,  and  insoluble  in  oidinaiy  solvents. 
After  washing  with  water  and  drying  at  110°  it  contains  hydrogen  and  nitrogen.  It  is 
supposed  to  b«  a  humns-like  body,  which  has  carried  down  some  urea  with  it,  to  which 
it  obstinately  adheres. 

The  difference  between  the  behaviour  of  fnrfiiral  and  that  of  other  aldehydes  to 
urea  and  other  amides,  is  observable  also  in  the  reaction  of  furfural  with  basic  amines. 
Most  aldehydes  react  with  aniline  and  toluidine  in  such  a  maimer  that  water  separates, 
and  the  diatomic  aldehyde-reddue  takes  the  place  of  the  hydrogen  of  the  NH*-group: 
C«H».NH«  +  OH-0  -  H«0  +  C«H».N=OH-  (1st  Suppl.  70),  whereas,  according  to 
Stenhouse,  2  mols.  of  aniline  or  toluidine  unite  directly  and  without  separation  of 
water,  with  1  mol.  of  furfural,  to  form  basic  bodies  (2nd  Suppl,  1178). 

VorfteraoryUo  Aeld«  CHiH)*  -  C«H*0— CH=:CH— COOH,  the  poup  C«H*0 
being  called  '  Furfur*  (Baeyer,  Deut,  Chem,  Ges.  Ber,  x.  855).  This  acid,  metamerie 
with  salicylic  add,  and  analogous  in  constitution  to  the  homologues  of  cinnamic  add  dis- 
covered by  Perkin  (p.  500),  is  produced  by  a  process  similar  to  that  which  gives  rise 
to  the  latter,  viz.  by  the  action  of  acetic  anhy(mde  and  sodium  acetate  on  fuHUral : 

CraH).COH  +  CH'.COOH  «  H«0  +  C*H»O.CH=CH.CO«H. 

When  1  pt.  fhrf^iral  is  heated  to  boiling  with  2  pts.  sodium  acetate  and  4  pts.  acetic 

anhydride  for  eight  hours,  the  solution  on  cooling  solidifies  to  a  crystalline  mass, 

which  dissolves  almost  completely  in  warm  aqueous  sodium  carbonate,  the  solution 

fielding  with  acida  a  precipitate  of  furfuxaerflVc  oucVdVu  >[!ti«  ioxui  oil  \ax^  ^ffi^sn 

3rd  Sup.  3H 
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needles,  in  quantity  nearly  equal  to  the  ftufnial  employed.  After  porilleatioo  wHh 
animal  charcoal  and  recrystallisation,  the  acid  is  obtained  in  long  eolouriees  needle*. 

Fnrforaczylic  acid  smeUs  like  cinnamon,  melts  at  186^,  and  vcJatiliaes  nodeoos- 
posed  with  vapour  of  water.  It  dissolves  sparingly  in  cold  water  (about  600  paru^ 
more  freely  in  hot  water,  and  crystallises  immediately  on  cooling.  Strong  hydrociilone 
acid  dissolves  it  with  a  green  coloration,  which  is  tolerably  stable.  Strong  su^fauzie 
acid  acts  in  a  similar  manner. 

Vorfteroproploiiie  Add,  CH^O*  =  C<H>O.CH'.CH'.GO*H,  formed  by  the  aetka 
of  nascent  hydrogen  (sodium-amalgam  and  water)  on  iuzlixracrylic  acid,  is  much  mon 
soluble  in  water  than  the  latter.  When  extracted  by  ether  from  ita  aqaeoua  wdntioB, 
it  remains  on  e^poration  as  a  colourless  ciystalline  mass,  melting  at  60^-51®,  and 
possessing  in  a  higher  de^ee  the  peculiar  odour  of  furfuracz^lic  acid.  It  is  ooloozed 
yellow  by  hydrochloric  add,  and,  when  warmed  with  that  acid,  forms  a  reddish-yellow 
solution  containing  a  non-volatile  acid,  the  composition  of  which  has  not  yei  bea 
determined. 

mronie  Aeld,  C'H*0»-CO*H.CH=CH.CO.CH*.CH*.CO>H.  The  aldehyde  of 
this  acid,  CH'0^  appears  to  be  formed  by  the  action  of  bromine  on  forforopiropione 
acid,  nearly  in  the  same  manner  as  fumanc  aldehyde  is  formed  from  pyronrade  aod 
(p.  832). 

OEMy  +  2Br«  +  2HK)  »  C*H*0»  +  00*  +  4HBr 
Fpamnaio  Fomario 

ftoid  wldfthplft 

CrH«0«  +  Br*  +  BPO  =  CE*0*  +  2HBr. 

FufuruprcK  Fomiio 

Irionic  add  alddiyde 

The  aldehyde  is,  however,  very  unstable  and  not  easily  separated ;  but  if  the  broBiM 
mixture  be  at  once  heated  with  silver  oxide  (8  mols.),  the  silver  salt  of  furonic  add  ii 
produced,  according  to  the  equation : 

C'H«0*  +  Br«  +  HK)  +   3Ag«0  -  C^H«Ag«0»  +  2AgBr  +   Ag«  +   2HV. 

1*4  gram  of  Airfuropropionio  acid  is  dissolved,  with  aid  of  heat,  in  100  grams  of 
water,  and  the  cooled  liquid.  Altered,  if  necessary,  is  mixed  with  an  exactly  weighed 
quantity  of  1*6  gram  of  bromine  >=  1  moL ;  the  slightly  yellow  liquid,  after  iMiag 
completely  decolorised  with  sulphurous  add,  is  immediately  poured  into  a  flask  eoa* 
tainmg  a  quantity  of  recently  predpitated  and  well -washed  diver  oxide  (*»  6  mda 
prepand  from  1 1  grams  of  silver  nitrate^ ;  the  mass  is  digested  for  2^  hours  at  65^- 
70° ;  and  the  temperature  is  then  raisea  above  70°,  whereupon  decomposition  tska 
place.  The  progress  of  the  oxidation  may  be  traced  by  mixing  a  small  portion  of  tin 
liquid  with  hydrochloric  acid,  exhausting  with  ether,  and  heating  the  crystalline  man 
which  remains  after  the  evaporation  of  the  ether,  with  strong  hjfdrochloric  acid.  Tlie 
first  samples  thus  treated  exhibit  a  red-violet  coloration,  but  towards  the  end  of  the 
process  this  coloration  is  no  longer  produced.  At  the  end  of  the  reaction,  the  mase  ii 
mixed  with  hydrochloric  add  and  exhausted  with  ether  till  that  liquid  no  longs 
acquires  a  yeUow  colour.  After  evaporation  of  the  ether,  the  fhronic  acid  (1  gran) 
remains  in  yellowish  crystals,  which  may  be  purified  by  treating  the  hot  aqueoa 
solution  with  animal  charcoal. 

Furonic  acid  separates  from  the  hot  solution  on  cooling,  in  slender  colonkei 
needlee^  melting  at  180^.  It  dissolves  sparingly  in  cold  water  and  in  ether,  withoot 
colour  in  strong  hydrochloric  add,  even  when  heated.  Strong  sulphuric  acid  dissolvee 
it  with  reddish-veuow  colour,  ohangmg  to  brown  on  heating.  The  aqueous  solutioa, 
neutralised  witn  ammonia,  yields  with  silver  nitrate  a  wlute  predpitate  of  the  aiH 
C'fi'AgH)*,  which  is  but  slightly  altered  by  boiling  with  water. 

Furonic  add,  heated  to  200^-205°  with  hydri^ic  acid  and  red  phosphorus,  yieidi 
— in  addition  to  an  oily  body  having  the  odour  of  the  fatty  adds,  and  probably  eon* 
sisting  of  caproic  add — crystals  of  a  bibasic  add  CB}H)\  agreeing  in  all  its  propeitifi 
with  tiie  normal  or  a-pimelic  add  which  Dale  a.  Schorlemmer  obtained  froia  suoeraae 
(see  Pdcelic  Acm).    £[ence  it  follows  that  f^ironic  add  bdongs  to  the  normal  seriee: 

a-Pimelicadd        .        .        .        C0«H.CH«.0H«.0H«.CH«.CH«.CO«H. 
Furonic  add  ....        CO«H,CH=CH.OO.OH«.CB:«.CO«H. 

Furonic  add,  heated  to  boiling  with  baryta-water,  is  decomposed  in  the  same 
manner  as  pyromudc  add,  a  yellow  predpitate  being  formed,  consisting  of  the  bariaa 
compound  of  fumaric  aldehyde  (p.  832),  while  a  volatile  fatty  acic^  smelling  lib 
acetic  or  propiom^  o^dd^  lesnaAus  iu  the  mother-liquor. 
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lihoroB  at  160°.  It  is  yerj  soluble  in  water,  and  crystallises  in  needles  melting  at 
112°.  Its  silver  taU  is  a  white  precipitate  moderately  soluble  in  hot  water,  and 
turning  grey  on  exposure  to  light. 

By  the  further  action  of  sodium-amalgam,  hydrofuronic  acid  is  reduced  to  pimelio 
acid,  together  with  intermediate  products. 

VnrftinuiffeUc  Add,  0»H"0"»C«H»O.CH=zCH.CH».OH«.CO«H  (Baeyer,  Dmt, 
Ch«m.  Gu,  Ber.  z.  1364).  This  acid  is  formed  by  gradually  heating  furraral  with 
normal  butyric  anhydride  and  sodium  butyrate  in  an  open  vessel  to  100^-180°  for 
twelve  hours.  The  resulting  mass  dissolves  easily  in  hot  aqueous  sodium  carbonate, 
and  the  solution  mixed  with  sulphuric  acid,  yields  Airfurangelio  acid  as  a  brown  mass, 
which  may  be  decolorised  by  animal  chaicoal.  The  acid  crystallises  from  hot  water 
in  odlourlesB  mXkj  needles,  melting  at  87°-88°. 

By  sodium-amalgam,  fbrfmrangelic  add  is  easily  reduced  to  normal  furfuro- 
Talerie  acid,  0»H«0»«C<fl«O.CH«.CH«.OH«.CH*.CO«fl,  a  colourless  oil,  convertible 
into  a  ciystallised  add  by  treatment  with  silver  oxide. 

Vorfturolmtjleiie,  0*Hi*0  -  G«H*O.CH=CH.CH*.CH*.  The  action  of  isobutyric 
anhydride  and  potassium  isobutyrate  on  furfural  is  quite  different  from  that  of  the 
normal  anhydride ;  it  begins  at  70°  with  evolution  of  carbon  dioxide,  becomes  more 
fln«zgeCic  as  the  temperature  rises,  and  is  nearly  completed  in  four  hours  at  160**.  The 
resulting  brown  mass  contains  only  a  small  quantity  of  a  crystallisable  acid ;  but,  on 
the  other  hand,  a  considerable  quantity  of  furfurobutylene,  in  the  form  of  a  colourless 
cSl  winch  boils  at  163°,  and  has  a  peculiar  odour  resembling  that  of  Carobus  at/eophanta, 

FuifiiTobutylene  is  the  second  known  hydrocarbon-derivative  of  furfuran,  C*H*0 
(w^fira),  the  fii!it  being  the  compound  which  Cahouis  obtained  by  the  action  of  heat 
on  thidnrfiiral  (ii.  753).  Cahoun  assigned  to  this  body  the  formula  CH*0' ;  but 
Sehwanart  has  shown  (lAelng'a  Amuden^  cxxxiv.  61)  that  it  differs  from  thiofurfural, 
CH^S,  only  by  the  absence  of  sulphur,  and  has  the  composition  G*H*0.  It  may  be 
zigudcd  as  the  stUbene  of  furforan,  G>*U*0*-  0'fl>O.CH=CH.C'H*0. 

Conttitution  of  Furfural  and  its  Derivativa, — ^Limpricht  (Deut  Chem, 
€h$,  Btr,  1369,  211)  regards  these  bodies  as  derivatives  of  a  hydrocarbon,  called 
tetrene, 

HCzzCH 
C*H*  -       I      I 
HC=:CH 

aomposed  of  2  mols.  of  acetylene,  and  intermediate  between  acetylene  and  benzene ; 
tlras: 

Ha-0=0— OO.OH  HO— 0=0— CO.H  HO— C=C— CH'.OH 

H<!t=OH  HO=CH  HCzzJjH 

F^ytomuoie  add  Fnrfnral  ForfozTl-aloohol 

HC=C— NH«  HC=C— NH«  HC=C— NH* 

HC==OH  HO=:C— CO.NH«  HCziC— CO.OH 

Pynol  CftrbopyrroUunlde  CSurbopyrroUc  add 

t  Bkeyer  (DmU,  Chem.  Qes.  Ber,  x.  1360)  and  R.  Schiff  (i^uf.  1192 ;  further,  Gaze. 

I     ckim,  Ual,  1878,  77)  take  a  somewhat  different  view  of  the  constitution  of  tliese 

I     bodies,  reffardinff  them  as  derivatives  of  the  compound  C*E.*0  (Limpricht*s  tetra- 

[     phenol,  Bayers  furfuran),  which  Limpricht  obtained  by  distilling  the  barium  salt 

of  pyromudc  add  with  soda-lime  (2nd  8uppL  1032).    With  regard  to  ita  .constitution, 

limpiieht  has  shown  that  it  is  not  attacked  by  sodium  or  reduced  by  sodium- 

fwa^^Mn^  and  that  it  does  not  combine  with  aUodine  bisulphites :  hence  it  cannot 

f^fit^n  an  aldehyde-,  ketone-,  or  alcohol-group,  or  an  ordinary  ether-group,  so  that 

tfano  ramainB  for  it,  amongst  known  forms,  only  the  type  of  ethylene  oxide,  O^jrtgv 

cr  pnfaaps  that  of  vinyl  oxide,  fi'G=CH  — OCH=CH*,  the  first  leading  to  formula 
(IX  the  second  to  (2)  or  (3) : 

0)  W  J?) 

HOb=GH  EC— OH  HO— Cfl 

hU.      JL      hR 

V  Y  Y 

AH  tbim  of  these  fbrmnlm  are  in  aceordanoe  with  the  obenv^XAOtk  ^i  ILv^aj^MxVcys ,  *V^^ 


836  FURFURAMIDE. 

that  etbylic  pyromncate  can  take  ap  4  atoms  of  chlorine,  forming  the  compoimd 
C«H*01«(CH*)03,  and  all  three  lead  to.  the  same  chlorine-compound, 

CIHO— CHCl 
anC    OHCl 

Y 

A  criterion  between  the  three  fozmulemay  be  fonnd  in  the  fact,  diacovered  bj 
Limpricht^  of  the  formation  of  fximario  acid  by  the  oxidation  of  pyiomndc  uM 
(p.  832).  When  pyromncic  add  ia  treated  with  bromine  and  water,  carbon  dioxide 
is  evolved,  and  a  body  having  the  composition  C'U'O'  is  formed,  most  probably 
oonaisting  of  famaric  aldehyde,  as  it  reduces  silver  salts  and  appears  to  yield  f umarie 
add  by  oxidation.  Baever  also  has  obtained  famaric  acid  by  heating  a  dilute  solation 
of  pyzomndc  add  with  bromine  and  silver  oxide.  This  result  is  easily  explained 
if  pyromndc  acid  be  represented  by  a  formula  derived  from  the  first  of  those  above 
given  for  furfuran,  and  the  separation  of  CO'  be  supposed  to  occur  at  the  place  of 
one  of  the  carbon-atoms  attached  to  the  oxygen  ;  thus : 

HC=CH  HC=CH 

II  +  Br«  +  3AgH)  =  I      I 

HC— 0— CO«H  HOOC    COOH 


V 


+  C0«  +  4AgBr  +  Ag*. 

If,  on  the  other  hand,  pyxomucie  add  were  represented  by  a  fbrmnla  derived  iron 
the  second  or  third  formula  of  furfuran,  its  conversion  into  fomuric  add  could  not 
take  place  without  transpontion  of  atoms  within  the  molecule. 

Formula  (1)  for  fhrfuran  is  further  confirmed  by  the  mode  of  conversion  of  furfuio- 
propionic  into  furonic  add  (p.  834).  Furfuropropionic  add  requires  2  atoms  of 
bromine  to  convert  it  into  an  aldehyde-compound,  which  may  then  be  tranrformed 
into  an  acid  by  the  action  of  silver  oxide.  Supposing  now  that  the  lateral  chain  is 
attached  to  a  carbon-atom  of  furfuran  which  is  directly  connected  with  the  oxygen- 
atom,  the  formula  of  furfuropropionic  acid  will  be  : 

HO=CH 


[C— C— CH«— 


HC— C— CH«— CH*— CO«H. 

y 

The  formation  of  the  aldehyde  requires  the  addition  of  an  atom  of  oxygen;  the 
oxygen-atom  already  present  remains  attached  to  a  CH-gronp,  forming  the  ^dehyds- 
group  COH ;  and  the  additional  oxygen-atom  attaches  itself  to  the  carbon-atom 
whica  was  linked  to  this  CH-group,  forming  a  ketonic  group  CO,  and  at  the  same 
time  the  linkins  of  the  two  carbon-atoms  is  severed.  The  resulting  comj)ound,  furonis 
aldehyde,  has  uerefore  the  constitution  represented  by  the  formula 

COH.CH=CH.CO.CH*.CH».00«H 

and  the  aldehyde,  by  taking  up  1  at.  oxygen  is  converted  into  furonic  add, 
C'H»0». 

Adopting  then  the  formula  (1)  for  furfuran,  the  prindpal  compounds  of  the  group 
will  be  represented  by  the  following  formuls : 

HC=CH  HC=CH  HC=OH 

HO— C— CO.OH  HC— C— COH  HC--C-0H».0H 

V  V  V 

Fyromuoio  add  Foxfinal  ForfnTyl  aloohol 

HC=CH  HCzzCH  HC=CH 

HO-CH  fl*?^— CziC— C^g,   H«N— C=0— C«^2 

NH 

Pyrrol  Carbopyrrobunide  Carbopyrrolio  add 


I,  C^^H^^NK)*  (R.  Schiff,  Deut.  Chem.   Ges.  Ber.  x.  1186). 
This  compound,  prepared  by  the  action  of  ammonia  on  aqueous  fiirfural  (ii.  746),  melts 
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at  117^.  When  treated  with  nitrous  acid  it  is  at  first  resolved  into  furfural  and  an 
ammonium  salt,  but  the  reaction  does  not  stop  at  that  point.  The  ethereal  solution 
of  furfural  saturated  with  N'O*  deposits  nothing  on  standing,  but  if  the  ether  is 
allowed  to  evaporate  spontaneously,  a  violent  reaction  begins  when  it  has  nearly 
disappeared.  The  red  syrupy  residue  grows  warm,  streams  of  nitric  oxide  escape, 
and  a  red  oil  is  left,  which  finally  solidifies,  yielding  a  body  with  strongly  acid 
properties.  This  phenomenon  occurs  only  when  small  quantities  of  furfnial  (3  to 
4  grams)  are  operated  upon.  If  a  larger  quantity  {e.g.  10  grams)  is  used,  as  soon  as 
the  ether  has  evaporated,  a  fiame  is  suddenly  observed,  about  8  feet  high,  accompanied 
by  steam  or  smoke,  and  a  porous  mass  of  carbon  is  left  behind. 

Action  of  TkioccarbinUdes  on  Fwrfwramide. — p.)  With  all^l-thiocarbimide. 
The  compound,  C^*H*'NK)'.GSNCH^,  is  obtained  in  fine  silky-white  needles,  insoluble 
in  water,  but  soluble  in  alcohol,  partly  soluble  in  ether,  melting  at  118^,  and  decompos- 
ing at  135^.  (2.)  With  phenyl- thiocarbimide  a  well-crystallised  snow-wnite 
compound  is  formed,  consisting  of  C>«H»N*0*.G8NC*H»  4- HH),  insoluble  in  water. 
It  may  be  heated  to  100°  without  loss  of  weight. 

Aldehydes  do  not  seem  to  form  any  compounds  with  furfuramide  or  furfurine. 

FUBVUXXn*  C**H*'N'0*.  This  base,  isomeric  with  f^irfuramide,  is  obtained 
by  bringing  the  latter  in  contact  with  boiling  aqueous  potash  (ii.  747).  It  melts 
at  116*>. 

Furftirine  is  not  acted  upon  by  nascent  hydrogen  (from  iron  filings  and  acetic 
acid),  and  does  not  unite  with  thiocarbimides.  The  experiment  was  tried  with 
mustard-oil  and  with  phenyl-thiocarbimide ;  but  in  both  cases  the  furfurine  separated 
out  unaltered.  In  contact  with  carbon  disulphide  it  turns  red,  but  does  not  undergo 
any  further  alteration.  With  chloroform  and  alcoholic  potash,  it  does  not  form  any 
compound  analogous  to  the  isocyanides. 

^c«<yi-/i»r/t<rin«.  C**H"(0*H*0)NH)*,  is  prepared  by  dissolving  fhrfnrine  in 
acetic  anhydride  at  a  gentle  heat,  treatmg  the  crystalline  pulp  which  sepamtes  on 
cooling,  with  hot  water,  to  decompose  the  excess  of  acetic  anhydride,  and  ciTBtallising 
the  product  from  boiling  alcohoL  It  is  thus  obtained  as  a  white  floccnlent  micro- 
crystalline  mass,  insoluble  in  water,  and  only  moderately  soluble  in  alcohol  and  ether. 
It  is  an  extremelv  stable  compound,  not  being  decomposed  by  potash  except  at  the 
melting  heat.  When  heated  alone,  it  turns  brown  at  240°,  and  decomposes  com- 
pletely with  fusion,  at  about  260°.  It  has  entirely  lost  the  basic  properties  of 
nirfurine,  and  is  not  dissolved  by  dilute  adds.  Strong  nitric  acid  decomposes  it,  but 
it  is  not  attacked  by  nitrous  acid ;  neither  is  it  act^  upon  by  iodide  of  ethyl  or 
methyl,  or  by  sodium  and  boiling  xylene. 

Aottyl-furfwrine  Bexbromide,  C"H'«(0»H"0}NK)».Br«,  it  formed  on  adding  6  at. 
bromine  to  a  cold  solution  of  1  mol.  acetyl-rorfurine  in  glacial  acetic  add.  The 
combination  takes  place  with  considerable  rise  of  temperature,  but  without  evolution 
of  hydrobromic  acid.  It  is,  therefore,  entirely  an  additive  compound,  and  in  its 
formation  each  of  the  three  furfur-groups  C^H'O  in  the  furfurine  molecule  takes 
up  2  atoms  of  bromine.  On  pouring  the  product  into  water,  the  hexbromide  separates 
as  a  yellowish  white  substance  becomina  pulverulent  when  dried.  It  is  soluble  in 
glacial  acetic4icid,  and  is  precipitated  therefrom  by  water,  with  a  somewhat  deeper 
yellow  colour.  It  dissolves  easily  in  alcohol,  but  is  partly  decomposed  at  the  same 
time,  the  alcohol  acquiring  a  deep  brown  colour  and  taking  up  hydrobromic  add. 

Action  of  NOroua  Acid  on  Furfurine.  Nitroso furfurine. — When  potassium 
nitrite  is  added  to  a  solution  of  forfurine  in  dilute  sulphuric  add,  no  gas  is 
evolved  at  first,  but  after  some  time,  a  yellowish  crystalline  body  separates,  which 
is  insoluble  in  water,  and  in  ether,  but  readily  dissolved  by  alcohol,  and  may 
be  purified  by  solution  in  alcohol  and  precipitation  with  ether.  The  body  thus 
obtained  has  the  compodtion  CH'^'O'^.  It  is  likewise  produced  by  saturating 
an  alcoholic  solution  of  furftirine  sulphate  with  gaseous  nitrogen  trioxide.  If,  on 
the  other  hand,  a  solution  of  fhrfurine  in  absolute  ether  be  saturated  with  NK)*,  and 
every  trace  of  moisture  exduded,  a  small  quantity  of  an  easily  decomposible  body  is 
obtained,  which  beeomee  dark-coloured  at  82°,  and  then  slowly  carbonises. 

The  compound  C*»H*^K)i«  melU  at  94°-96°  to  a  red  kquid ;  forms  a  platino- 
chloride,  which  crystallisee  in  broad  needles,  moderately  soluble  in  water,  less  soluble 
in  alcohol  and  ether.  With  ammoniacal  a7v^  nitrate,  the  compound  C'H^N'O**  fbrms 
a  granular  silver  double  salt,  which  is  not  in  the  least  idtered  by  light. 

Nitrosofurf  urine,  C**H"(NO)N'0",  is  formed  on  mixing  very  dilute  solutions  of 
potasnum  nitrite  and  tfoitxaiae  sulphate,  and  separates  as  a  yellow  predpitate,  which, 
after  purification  by  ezystallisation  from  ether,  melts  at  112°.  It  is  insoluble  in 
water,  moderately  soluble  in  alcohol  and  in  ether,  from  which  it  separatee  in  large 
gdden-yellow  tridinic  crystals. 
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FUSEL-OIL— FUSTIC. 


The  corapound  C^H^N^O^^  appears  to  be  formed  from  1  mol.  furfurine  and  1  ai 
nitrosofurfurine  in  the  manner  represented  by  the  following  equation : 

Oi»H»«N=0»  +  0"H"N«0*  +  2H«0  +  60  =  C*»H"N*0»* 

(B.  Schiff,  Garz.  ehim.  Ual,  yiii.  76). 

Furforine  itself  is  an  imidogen-lnse,  NH(C'*H"NO')'',  as  appears  from  the  ibUov< 
ing  considerations : 

1.  Only  one  of  its  hydrogen-atoms  can  be  replaced  by  an  alcohol*zadicle,  Cf 
methyl,  ethyl,  amyl  (ii.  750). 

2.  Its  acetyl-deriyatiye  offers  great  resistance  to  the  action  of  «^iv^li« 

3.  Nitrons  acid  converts  it  into  a  nitroso-deriyatiye. 

4.  It  does  not  unite  with  aldehydes  or  thiocarbimides. 

On  FwrfuraniUau  and  Furfurotoluidinet  see  2nd  SuppL  1078. 

VUWili-OXIte  For  the  detection  of  fusel-oil  in  ethyl  alcohol,  Bouyier  (ZfML 
onaL  CheriL  1872,  843)  agitates  the  liquid  with  a  few  small  lumps  of  paUumam 
iodide,  whereupon,  if  fusel-oil  is  present  to  the  amount  of  ^  or  1  per  cent.,  a  distiaet 
light-yellow  colour  is  produced,  arising  from  the  decomposition  of  the  potaMia 
iodide.  According  to  Bottger,  on  the  other  hand  (2>«nc/.  pol.  J,  ccvii.  516),  put 
amyl  alcohol  does  not  decompose  potassium  iodide,  but  this  salt  may  be  deocnvpoHd 
by  the  adds  contained  in  spirit  of  inferior  quality.  A  trustworthy  method  of  detecdsg 
amyl  alcohol  in  spirit  of  wine  is  to  mix  the  liquid  with  a  dilute  solution  of  jMteMW 
permanganate^  which  is  decolorised  by  amyl  alcohol  much  more  quickly  than  by  etli|l 
alcohoL  A.  I>upr6  effects  the  oxidation  with  chromic  acid  mixture,  and  after  remonig 
the  excess  of  cluromic  add,  distils  off  the  adds  produced  by  the  oxidation.  Us 
aqueous  solution  of  these  adds  is  repeatedly  distilled  to  remove  as  much  as  posBiUs 
of  the  acetic  acid,  and  the  remaining  add  is  conyerted  into  barium  salt.  The  difRv- 
ence  between  the  amount  of  barium  in  the  salt  thus  obtained  and  that  of  baria 
acetate,  affords  evidence  of  the  presence  of  fusel-oil  in  the  alcohol,  and  may  alao  giiv 
an  approximate  estimate  of  its  quantity  (Pharm.  J.  Trans,  [3],  vi.  867). 

On  the  use  of  Chloroform  for  the  detection  of  fusel-oil  in  spirit^  see  page  77. 

nrSTZO.  On  adding  potassium  nitrite  to  a  very  dilute  decoction  of  futk 
mixed  with  nitrate  of  toluidine  (or  aniline),  the  dear  liquid  becomes  turbid  and 
brownish-yellow,  then  orange-red,  and  finally  deposits  a  vermilion-ooloored  precipi- 
tate. A  nmilar  reaction  is  exhibited  by  phloroglucin,  madurin,  catechin,  and  eztiMl 
of  hope  (Weseliky,  Drut.  Chem,  Oee,  Ber.  ix,  216). 
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